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. . . a single closed [lake] basin that never overflowed, was not an important contributor 
to a ground water basin, and never completely dried. . . would furnish the best regional 
climatic index for detailed analysis of past environments and their possible influence on 
Man. 

- Peter Mehringer, 19n 
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INTRODUCTION 

Termina l  Lakes as  Paleoc1 mat lC Inaators 

S c i e n t i s t s  have  l o n g  r e c o g n i z e d  t h e  p a l e o c l i m a t i c  

s i g n i f i c a n c e  o f  c l o s e d  ( o r  t l t e r m i n a l " )  l a k e s  (Ha l l ey ,  1715; 

Jamieson,  1863; Whitney, 1 8 6 5 ) .  Because t h e y  l a c k  a n  

o u t l e t ,  t h e s e  w a t e r  b o d i e s  f l u c t u a t e  i n  s i z e  i n  r e s p o n s e  t o  

changes  i n  i n f l o w  ( i n c l u d i n g  s t r e a m  and groundwater  i n f l o w  

and  p r e c i p i t a t i o n  on t h e  l a k e  s u r f a c e )  and  o u t f l o w  

( e v a p o r a t i o n  from t h e  l a k e  s u r f a c e ) .  Te rmina l  l a k e s  expand 

when t h e  amount o f  i n f l o w  exceeds  e v a p o r a t i v e  l o s s ,  a n d  

s h r i n k  when t h e  r e l a t i o n s h i p  i s  r e v e r s e d .  I n s o f a r  as l a k e  

i n f l o w  and  o u t f l o w  a r e  d i r e c t l y  c o n t r o l l e d  by  climate, a 

g r a p h  d e s c r i b i n g  s e c u l a r  f l u c t u a t i o n s  i n  l a k e  s i z e  may 

p r o v i d e  a v a l u a b l e  measure of  t h e  t i m i n g  and  magni tude  of  

r e g i o n a l  cl imatic change.  

Dur ing  t h e  p a s t  q u a r t e r - c e n t u r y  e a r t h  s c i e n t i s t s  have 

c o n s t r u c t e d  l a k e  l e v e l  c u r v e s  spann ing  p a r t  o r  a l l  of  

Holocene t i m e  f o r  a number of t e r m i n a l  water b o d i e s  i n  t h e  

Nor th  American G r e a t  Bas in ,  i n c l u d i n g  Pyramid, Carson,  and  

Walker l a k e s  i n  Nevada (Born, 1972; Morr i son ,  1965; Benspn, 



1978; Davis, 1982) ; Searles Lake (Smith, 1979), China Lake 

(Smith and Davis, 1978). Little Lake (Mehringer, 1978). 

Mojave Lake' (Ore and Warren, 1971) and 'Death Valley Lake1' 

(Hunt and Mabey, 1966) in Cqlifornia; and Great Salt Lake in 

Utah (Morrison, op cit; Currey, 1980; Currey, et al, 1983). 

These records are among the best known and most often cited 

indicators of Holocene climatic change in the western United 
,.. 

States (Mehringer, 1977; Currey and James, 1982; Davis, op 

cit; Weide, 1982) .' 
Most of the lakes cited above, however, are 

characterized by hydrographic peculiarities that limit their 

usefulness, or in some cases render them wholly unsuitable, 

as indicators of climatic change. Some of the lakes (e.g. 

Pyramid and Great Salt lakes) overflowed (that is,' they 

became "open lakes::) one or more times during the Holocene. 

While these bodies of water show that the regional climate 

was sufficiently "hydric" (cool and/or moist) to cause 

spillage, they fail to provide a measure of how hydric the 

conditions ultimately became during the period of overflow. 

Some lakes (Searles, Carson, Walker, China, Mojave, Little, 

and Great Salt) were estinguished one or more times during 

the Holocene. These lakes leave unresolved the questions of 

ultimate xericity and climatic variability during the periods 

of desiccation. 



Due to hydrographic and physiographic complexities 

within their dranage basins, most of the terminal lakes 

mentioned above respond to a climatic change in a manner 

grossly disproportionate to that change, thereby confounding 

quantitative paleoclimatic analysis. This occurs wherever a 

terminal lake occupies a large, hydrographically complex 

basin in which extensive groundwater reservoirs, extensive 

tracts of vegetation, and,.large up-basin lakes act either to 

amplify or absorb a change in climate. Consider, for 

example, Pyramid and Winnemucca lakes, which receive 

approximately 40% of their combined inflow from Lake Tahoe by 

way of the Truckee River. A drop in lake Tahoe to below its 

lip requires only that effe&ive precipitation decrease about 

25% below the mean historic value (Davis, et al, 1976). By 

isolating the Tahoe Basin from the Pyramid/Winnemucca Basin, 

however, a 25% drop in effective precipitation results in a 

decrease in inflow to Pyramid and Winnemucca lakes of 

approximately 55%. 

.Most importantly, some of the terminal lakes of the 

Great Basin have fluctuated substantially for non-climatic 

reasons. It appears, for instance, that several times during 

the Holocene the combined flow of the East and West Walker 

rivers shifted course, flowing alternately into Walker Lake 

and the Carson Sink (King, 1981). Changes in stream course 

during Holocene time also dictated the amount of Truckee 



River water t h a t  flowed i n t o  Winnemucca Slough, r a t h e r  than  

i n t o  Pyramid Lake (Harding, 1965) .' Clearly,  u n t i l  t h a t  time 

when it i s  poss ib le  t o  d i s t ingu i sh  climatically-induced 

f l u c t u a t i o n s  i n  lake  l e v e l  from those  brought about by t h e  

migration of drainage l i n e s ,  Carson, Walker, Pyramid, and 

Winnernucca lakes  w i l l  be o'k dubious value a s  q u a n t i t a t i v e  

pa leocl imat ic  ind ica to r s .  
I -. 

p-c Potential of MQno J'& 

Mono Lake i n  e a s t  c e n t r a l  Ca l i fo rn ia  (Figures l a  and lb, 

Photo 1) occupies a small, hydrographically simple bas in  (the 

Mono Basin) t h a t  ne i the r  absorbs nor ampl i f ies  t o  any 

s i g n i f i c a n t  degree t h e  e f f e c t  of a c l i m a t i c  change upon l ake  

l e v e l ;  t h e  lake  thus  e x h i b i t s  a r e l a t i v e l y  " t rue" response 

t o  a change i n  cl imate.  The basin is  hydrographically 

s table-- that  is, i t s  streams have not  undergone in ter -bas in  

s h i f t s  duringHolocene time; f o r  t h i s  reason t h e  l ake  has, 

with minor exceptions,  f luc tua ted  exclus ive ly  i n  response t o  

c l i m a t i c   factor^.^ Moreover, Mono Lake i s  a permanent 

te rminal  lake--in o the r  words, it has n e i t h e r  des icca ted  nor 

overflowed during Holocene time; it can t h u s  be expected to 

. have recorded a l l  s ecu la r  changes i n  Holocene climate, 

regardless  of magnitude o r  s ign .  I n  shor t ,  from t h e  

s tandpoint  of t h e  standpoint of bas in  hydrography and 





Flguro lb. hdgc mrp d Iho Mono Badn. . 



physiography, Mono is a potentially ideal terminal lake for 

deriving a quantitative index of Holocene climatic change. 

The paleoclimatic potential of a terminal lake must be 

measured not only in terms of the lake's permanence, its 

hydrographic stability, and the "trueness" of its response to 
. . 

a climatic change, but also in its ability to yield an 

accurate record of the timing and magnitude of secular 

fluctuations in surface elevation. Here again Mono is 

distinctive among Great Basin terminal lakes. A wide variety 

of different types of evidence--botanic, geomorphic, 

sedimentologic, historic, radiometric, dendrochronologic, 

tephrochronologic, and tephrostratigraphic--can be used to 

adduce changes in Mono Lake's level.4 Rarely can so many 

different types of evidence be brought to bear at a single 

terminal lake. This abundance of evidence makes it possible 

to produce a detailed, high resolution lake level curve that 

spans the past 4,0800 years. 

This dissertation focuses on the surface fluctuations of 

Mono Lake that occurred during the past four millennia, a 

period referred to throughout the work as the "late 

Holocene". Chapter One attempts to clarify certain widely 

held misconceptions concerning the behavior of the lake 

during historic time, and provides a detailed fluctuation 



c u r v e  spann ing  t h e  p a s t  13 decades .  Chap te r  Two d e s c r i b e s  

t h e  v a r i o u s  t y p e s  o f  ev idence  t h a t  can  be used  t o  c o n s t r u c t  a 

l a k e  l e v e l  cu rve  f o r  t h e  p r e - h i s t o r i c  p e r i o d .  The 

p r e - h i s t o r i c  f l u c t u a t i o n  curve  i s  c o n s t r u c t e d  i n  Chap te r  3, 

a n d  i s  checked a g a i n s t  t h e  sed imenta ry  r e c o r d  i n  Chap te r  4 .  

The h i s t o r y  o f  t h e  Mono I s l a n d s ,  and  t h e  d e g r e e  t o  which l a te  

Holocene i s l a n d  b u i l d i n g  h a s  modi f i ed  t h e  morphometry o f  t h e  

l a k e  b a s i n  i s  t h e  s u b j e c t - o f  Chap te r  5, w h i l e  Chap te r  6 

examines t h e  p a l e o c l i m a t i c  i m p l i c a t i o n s  o f  t h e  l a k e  

f l u c t u a t i o n  curve .  The r e c o r d  o f  c l i m a t i c  change d e r i v e d  

from t h e  l a k e  curve  i s  compared t o  t h a t  d e r i v e d  from o t h e r  

p a l e o c l i m a t i c  i n d i c a t o r s  i n  Chapter  7, and  Chap te r  8 

d i s c u s s e s  t h e  p o s s i b l e  r o l e  o f  deVries- type  s o l a r  v a r i a t i o n s  

i n  i n s t i g a t i n g  t h e  l a t e  Holocene f l u c t u a t i o n s  o f  Mono Lake. 

F i e l d  work f o r  t h i s  t h e s i s  was 'under taken d u r i n g  the  

y e a r s  1980-1986. The impor tance  of t h i s  p e r i o d  canno t  b e  

o v e r s t a t e d .  Indeed,  t h e  s t u d y  c o u l d  n o t  have  been c a r r i e d  

o u t  had  it n o t  been f o r  t h e  h i g h l y  unusua l  and  seemingly  

c o n t r a d i c t o r y  set  o f  h y d r o c l i m a t i c  c i r c u m s t a n c e s  t h a t  

p r e v a i l e d  d u r i n g  t h o s e  y e a r s :  due t o  d i v e r s i o n  of i t s  

t r i b u t a r y  s t r e a m s  by t h e  C i t y  of Los Angeles,  Mono Lake s t o o d  

a t  a n  e x c e p t i o n a l l y  low e l e v a t i o n  t h r o u g h o u t  most of t h i s  

t i m e  (and i n  f a c t  r eached  i t s  H i s t o r i c  Low S t a n d  of 6372.00 



f e e t  midway through t h e  study pe r iod) ,  a f a c t o r  t h a t  

permit ted access  t o  evidence t h a t  would have gone unseen and 

unappreciated had t h e  lake  been s i g n i f i c a n t l y  higher.  A t  t h e  

same time, discharge of t h e  t r i b u t a r y  streams was 

except ional ly  high i n  f i v e  of t h e  years .  These high flows, 

i n  combination with t h e  low-standing lake,  caused t h e  streams 

t o  i n c i s e  t h e i r  d e l t a s ,  exposing sequences of r i v e r i n e ,  

l i t t o r a l ,  l a c u s t r i n e ,  aeol:ian, and volcanic  sediments i n  t h e  

wal ls  of t h e  f r e s h  stream cu t s .  These sedimentary sequences 

form t h e  b a s i s  f o r  t h e  ana lys i s  of l a t e  Holocene f l u c t u a t i o n s  

i n  l ake  l e v e l .  

The f i r s t  f i e l d  season (summer, 1980) was spent  i n  

reconnoiter ing t h e  Mono Basin, exploring t h e  f e a s i b i l i t y  of 

developing a lake l e v e l  curve, and examining t h e  d i f f e r e n t  

types  of evidence t h a t  might be used t o  cons t ruc t  such a 

curve. It was during t h i s  f i r s t  season--a per iod  of high 

stream flow--that t h e  p o t e n t i a l  u t i l i t y  of t h e  geomorphology 

and s t r a t i g r a p h y  of t h e  d e l t a s  became apparent.  

During t h e  1981 f i e l d  season l i t t l e  water flowed down 

t h e  major streams t o  t h e  lake.  A s  a r e s u l t ,  overburden 

accumulated aga ins t  t h e  wal ls  of t h e  stream channels, 

obscuring t h e  sequences of sediments t h a t  proved t o  be of 

overr id ing  importance t o  t h e  study. Work during t h i s  f i e l d  

season thus  focused on t h e  l a t e  Holocene shorelands--the 

lands occupied by t h e  margin of Mono Lake during t h e  p a s t  



4,000 y e a r s .  

The heavy p r e c i p i t a t i o n  o f  1982 f o r c e d  s u b s t a n t i a l  

releases o f  w a t e r  down t h e  ma jo r  t r i b u t a r y  s t r e a m s .  ~ i g h  

f lows  f r e s h e n e d  t h e  e x p o s u r e s  o f  d e l t a i c  s e d i m e n t s  i n  t h e  

c h a n n e l  w a l l s  and p e r m i t t e d  t h e  c r o s s  s e c t i o n s  drawn i n  1980 

t o  be checked and r e f i n e d . '  By t h e  end  o f  t h e  1982 f i e l d  

s e a s o n  a g e n e r a l i z e d  l a k e  f l u c t u a t i o n  c u r v e  had  been  

produced.  

The w r i t e r  r e t u r n e d  t o  t h e  Mono B a s i n  f o r  f i n a l  

f i e l d - c h e c k i n g  i n  l a t e  June  of  1983.  Dur ing  t h e  p r e v i o u s  

weeks s t r e a m  f l o w s  f a r  h i g h e r  t h a n  t h o s e  o f  1980 and  '82 h a d  

g r o s s l y  a l tered t h e  c o n f i g u r a t i o n  o f  b o t h  L e e  V i n i n g  and M i l l  

Creeks ,  e x p o s i n g  sequences  of l a k e - t r a n s g r e s s i v e  and  

l a k e - r e g r e s s i v e  s e d i m e n t s  a l o n g  p e r h a p s  a t h o u s a n d  m e t e r s  o f  

c h a n n e l  w a l l .  I t  q u i c k l y  became a p p a r e n t  t h a t  t h e s e  new 

e x p o s u r e s  c o u l d  b e  u s e d  t o  improve t h e  a c c u r a c y  and  d e t a i l  of  

t h e  l a k e  l e v e l  c u r v e  c o n s t r u c t e d  between 1980 a n d  1982.  The 

e n t i r e  f i e l d  s e a s o n  was t h u s  s p e n t  i n  r e f i n i n g  and  c o r r e c t i n g  

t h e  f l u c t u a t i o n  c u r v e .  F u r t h e r  r e f i n e m e n t  of t h e  c u r v e  and  

s t u d y  of  t h e  a g e  and  o r i g i n  of t h e  Mono i s l a n d s  were t h e  f o c i  

of t h e  1984 f i e l d  s e a s o n .  That  y e a r ' s  f i e l d  work c u l m i n a t e d  

on Oc tobe r  13, when t h e  w r i t e r  had t h e  honor  o f  l e a d i n g  280 

p r o f e s s i o n a l  e a r t h  s c i e n t i s t s  t h r o u g h  t h e  s t u d y  area on t h e  

a n n u a l  F r i e n d s  of  t h e  P l e i s t o c e n e  f i e l d  t r i p  ( S t i n e ,  1 9 8 4 ) .  

Minor f i e l d  checks  were conduc ted  d u r i n g  t h e  summer o f  1985, 



and i n  l a t e  sp r ing  and summer of 1986. 

A v a r i e t y  of maps and a e r i a l  photographs were used i n  

t h e  course of t h e  study. Some of these--for instance,  t h e  

USGS 15-minute topographic series--are wel l  known and r e a d i l y  

ava i l ab le .  Others a r e  more obscure. For convenience, t h e s e  

maps and a e r i a l  photos a r e  l i s t e d  i n  Table 1 below. Included 

a r e  large-scale  maps and photos t o  which reference  i s  made i n  

t h e  t e x t .  Note t h a t  t h e  "date" given f o r  each of t h e  

topographic maps is  t h e  year of t h e  a e r i a l  o r  ground survey 

on which t h e  map i s  based, r a t h e r  than t h e  year t h a t  t h e  map 

was i ssued .  

F l e v a t i o n  C o n t r o l  

Elevat ions of hundreds of po in t s  on t h e  Mono shorelands 

were measured using engineer ' s  l e v e l  and rod. Occasionally a 

USGS benchmark was used a s  e levat ion  datum; more commonly, 

t h e  surveys were s t a r t e d  a t  t h e  lake  margin, where a p r e c i s e  

e l eva t ion  could be der ived based on t h e  l ake  l e v e l  readings 

of t h e  Los Angeles Department of Water and Power. For most 

purposes, e l eva t ions  were considered s u f f i c i e n t l y  accura te  if 

t h e  survey closed within two f e e t .  I f  a p a r t i c u l a r  shore l ine  

f e a t u r e  was c r i t i c a l  t o  e s t a b l i s h i n g  t h e  e l eva t ion  of a l ake  

high s tand o r  low stand,  t h e  highest  t o l e r a b l e  survey c losure  



T i b l .  1 - 
Photographic and Cartographic Resources 

PHDTDGRAPHS 
c r l a  fa- 

F a i r c h i l d  Aviation. LA 192 9.730 1:12,000 1:17.360 

United S t a t e s  Fores t  Serv ice  1940 1:20.000 1:24.000 

United Sca tes  G e o l o q i c ~ l  Survey 1956 1:24.000 - 
United S t a t e s  Geoloqical Survey 1964 1:20,000 1:18.800 

United S t a t e s  Ceoloqical  Survey 1972 ------- ---- 
United S t a t e s  Geoloqical  Survey 1973 1:64.00C 1:11.000 

United S t a t e s  Cto loqica l  Survey 1975 1:24,000 1:24.000 tortho- 

photos) 
United S t a t e s  Fores t  Serv ice  1979 1:30. 000 ( a t  nadlr--optical  bar  photos) 1:30. 600 ( a t  

United S t a t e s  Fores t  Serv ice  1982 

I s l a n d s )  

1:11.360 

United S t a t e s  Fores t  Service 1986 1:12.000 1:13.287 

United S t a t e s  Ccoloqical  Survey 

Mono C r a t e r s  Qsadranqle 1953 

Trench Canyon Quadrangle 1962 

Cowtrack Mountain Quadrangle 1953 

Bodle Bil l .  Quadrangle 1958 

United S t a t e s  Geoloqical  Survey 

Mono Crater8 ME Quadranqle 1986 

Trench Canyon NW Quadrangle 1986 

Cowtrack Mountain SW Quadrangle 1986 

B o d e  B i l l s  SE Quadranqle 1986 

P a c i f i c  Aar ia l  Western Survey 

Mono Lake, 6430 - 6373 f t  1984 

Schol l  and other. 

Pelaqos,  Corp. 

- 
1962 1:62,500 

1986 v a r i o u ~  a u l e s  



e r r o r  w a s  one f o o t .  

V i r t u a l l y  a l l  of t h e  hydrologic ,  topographic ,  and 

geo log ic  work t h a t  has  been conducted on Mono Lake t o  date 

has  employed t h e  I m p e r i a l ~ s y s t e m  of measurement. S ince  

f l u c t u a t i o n s  i n  l a k e  l e v e l  began t o  be  monitered, e l e v a t i o n  

read ings  have been taken  i n  f e e t ;  t h e  c a d a s t r a l  survey 

system, which provides  t h e  means f o r  a s s e s s i n g  t h e  

f l u c t u a t i o n s  of t h e  l a k e  i n  e a r l y  h i s t o r i c  t i m e ,  i s  based on 

u n i t s  of  acres and miles ;  a l l  a v a i l a b l e  topographic  maps o f  

t h e  reg ion  ( inc lud ing  t h e  new 1:24,000-scale USGS topographic  

maps), and t h e  two a v a i l a b l e  bathymetr ic  c h a r t s  of t h e  l ake ,  

show contours  i n  f e e t  r a t h e r  t han  meters;  a l l  weather da t a ,  

i nc lud ing  wind (measured i n  m i l e s  p e r  hour)  and p r e c i p i t a t i o n  

(measured i n  inches)  a r e  recorded i n  Imper ia l  u n i t s ;  s o  t o o  

are streamflow (recorded i n  cubic  f e e t  p e r  second) and l a k e  

in f low (recorded i n  a c r e - f e e t ) .  Dependent as t h i s  s tudy  i s  

on t h e  c a d a s t r a l  survey system, streamflow and in f low 

records ,  weather da ta ,  and topographic  and ba thymet r ic  maps, 

it was decided t o  mainta in  t h e  convention of  u s ing  Imper ia l  

u n i t s  i n  d i s c u s s i o n s  of hydroc l imat ic  and lake- leve l  data; 

t h e  m e t r i c  system w i l l  be used t o  express  a l l  o t h e r  

measurements. 



vi ronmenta l  S e t t m g  

-. Mono Lake, a t  38' n o r t h  l a t i t u d e ,  119' 

w e s t  l o n g i t u d e ,  o c c u p i e s  t h e  bot tom o f  a rough ly  t r i a n g u l a r ,  

1800 km2 n o r t h e a s t - t r e n d i n g  s t r u c t u r a l  d e p r e s s i o n  a t  t h e  b a s e  

of S i e r r a  Nevada due e a s t  o f  Yosemite N a t i o n a l  Pa rk  ( F i g u r e  

2,  Pho to  1) .  T h i s  e l o n g a t e  d e p r e s s i o n ,  v a r i o u s l y  c a l l e d  Mono 

V a l l e y  and t h e  Mono Basin,  is  r i m m e d  by  t h e  Bodie H i l l s  on 

t h e  n o r t h ,  by t h e  A n c h o r i t - e . H i l l s  a n d  Cowtrack Mountain on 

t h e  n o r t h e a s t  and  e a s t ,  by t h e  G l a s s  Mountain-Bald Mountain 

r i d g e  on t h e  s o u t h ,  and by t h e  b o l d  escarpment  o f  t h e  S i e r r a  

Nevada on t h e  sou thwes t  and w e s t .  The e l e v a t i o n  of t h e  l a k e  

s u r f a c e  ( p r e s e n t l y  -6,380 fee t )  marked c o n t r a s t  t h a t  

of t h e  s u r r o u n d i n g  h i g h l a n d s ,  where summit e l e v a t i o n s  range  

from 8,800 feet  i n  t h e  Anchor i t e  H i l l s  t o  over  13,000 feet 

a l o n g  t h e  S i e r r a n  crest.  

The Mono Sierra i s  made up o f  ~ a l e o z o i c  and  Mesozoic 

meta-sediments  and  Mesozoic p l u t o n s ,  w h i l e  t h e  lower  r a n g e s  

on t h e  n o r t h ,  east, and s o u t h  are composed main ly  of L a t e  

T e r t i a r y  and Q u a t e r n a r y  v o l c a n i c  r o c k s .  A l l u v i a l ,  

l a c u s t r i n e ,  and  p y r o c l a s t i c  sed iments  of l a t e  Cenozoic  age  

f i l l  t h e  Mono Bas in  t o  a d e p t h  of many thousands  of feet 

( P a k i s e r ,  1968, 1976;  C h r i s t e n s e n ,  e t  a l ,  1 9 6 9 ) , =  forming a n  

, e x t e n s i v e  (-650 km2), g e n t l y  s l o p i n g  (<lo t o  5') 

c e n t r a l - b a s i n  a r e a .  Except f o r  minor e r o s i o n a l  and  t e c t o n i c  





s c a r p s  a t  s c a t t e r e d  l o c a t i o n s  on t h e  v a l l e y  f i l l ,  t h i s  

cen t r a l -bas in  a r e a  i s  c h a r a c t e r i z e d  by s u b s t a n t i a l  r e l i e f  i n  

only  t h r e e  p l a c e s :  around Black Point--a b a s a l t i c  c i n d e r  

cone of  l a t e s t  P l e i s t o c e n e  age i n  t h e  b a s i n ' s  nor thwest  

quadrant  (Chris tensen and G i l b e r t ,  1964; La jo ie ,  1968; 

Custer ,  1973);  around t h e  Mono Craters--an a r c u a t e  cha in  o f -  

r h y o l i t i c  cou lees ,  p lug  domes, and explosion p i t s  of l a t e s t  

Quate rnary  age i n  t h e  southwestern p o r t i o n  of  t h e  b a s i n  

(Putnam, 1938; Wood, 1977; S i eh  and Bursick,  i n  p r e s s )  ; and 

i n  t h e  Aeolian Buttes--an ou tc rop  of  Bishop Tuff i n  t h e  

sou thern  Mono Basin (G i lbe r t ,  1938) .  Grad ien ts  on t h e  v a l l e y  

fill i n c r e a s e  g radua l ly  toward t h e  highlands,  reach ing  va lues  

of approximately l o 0  on the' piedmont s lope ;  where t h e  

piedmont g i v e s  way t o  t h e  bedrock of t h e  mountains, g r a d i e n t s  

t y p i c a l l y  mount a b r u p t l y  t o  va lues  sometimes exceeding 45'. 

Climate. With t h e  except ion of t h e  h igh lands  t o  t h e  

west of t h e  lake ,  which exper ience a microthermal c l ima te  

wi th  annual  p r e c i p i t a t i o n  averaging a s  h igh  a s  50 inches ,  t h e  

Mono Basin i s  c h a r a c t e r i z e d  by a co ld  s t eppe  c l ima te  

(Koppen's BSk). Because t h e  b a s i n  f l o o r  l ies  wi th in  t h e  

rainshadow of t h e  S i e r r a  Nevada, p r e c i p i t a t i o n  i s  g e n e r a l l y  

low. Average annual  t o t a l s  range from 14 .5  inches  a t  t h e  

"Mono Lake S t a t i o n "  on t h e  l a k e ' s  western margin, t o  

approximately 5.5 inches  a t  t h e  Los Angeles Department of 

Water and Power (DWP) s t a t i o n  no r theas t  of  t h e  l a k e .  Both 



topography and d i s t a n c e  from t h e  S i e r r a n  crest e x e r t  a s t r o n g  

in f luence  on t h e  l o c a l  d i s t r i b u t i o n  of p r e c i p i t a t i o n ,  as 

i l l u s t r a t e d  on t h e  i s o h y e t a l  map cons t ruc t ed  by Vors t e r  

(1985) .  Most p r e c i p i t a t i o n  f a l l s  as f r o n t a l  snow dur ing  t h e  

w in t e r  h a l f  of t h e  year ,  though convect ive  ra ins torms  

t y p i c a l l y  b r i n g  b r i e f  b u t  * in t ense  downpours s e v e r a l  t imes  

each s p r i n g  and summer. Annual v a r i a b i l i t y  of p r e c i p i t a t i o n  

i s  marked; a t  t h e  Mono Lake s t a t i o n  ( e l e v a t i o n  6450 feet) ,  

wi th  37 yea r s  of  record,  it ranges  from as h igh  as 165% t o  as 

low as 49% of normal. 

The temperature  regime i n  t h e  Mono Basin i s  c o n t i n e n t a l ,  

wi th  mean d a i l y  summertime temperatures  on t h e  b a s i n  f l o o r  

ranging from an average of  6 0 ' ~  a t  s t a t i o n s  some d i s t a n c e  

from t h e  lake ,  t o  6S°F near  t h e  l a k e  shore ,  and mean d a i l y  

winter t ime temperatures  dropping t o  below f r e e z i n g  a t  a l l  

s t a t i o n s .  Diurna l  temperature  range is  cons ide rab le  i n  

summer ( t y p i c a l l y  between 40°F and 50°F), and somewhat less 

i n  w in t e r  (20°F t o  30°F). Temperatures i n  excess  of  90°F can 

be expected a t  s t a t i o n s  on t h e  b a s i n  f l o o r  f o r  s h o r t - p e r i o d s  

v i r t u a l l y  every summer, while temperatures  below - 1 0 ' ~  are 

encountered a t  t h e s e  same s t a t i o n s  f o r  a few days n e a r l y  

every  win t e r .  Throughout t h e  year  temperatures  g e n e r a l l y  

decrease  wi th  e l e v a t i o n  ( l a p s e  r a t e  = 3.2°~/1000  feet--Lee, 

1969) ,  s o  t h a t  s i t e s  a t  lower e l e v a t i o n s  are t y p i c a l l y  warmer 

than  those  i n  t h e  surrounding mountains. During t h e  w in t e r  



months, however, a  shallow inve r s ion  s e t t l e s  on t h e  b a s i n  

f l o o r ,  i n s t i g a t i n g  a  dense r a d i a t i o n  fog  l o c a l l y  c a l l e d  t h e  

s l p ~ ~ ~ n i p l l  . 
Records from c l ima te  s t a t i o n s  (Vors ter ,  1985) ,  as w e l l  

as geomorphological evidence (Mason, 1967) i n d i c a t e  t h e  

preva lence  of sou thwes te r ly  winds a t  most l o c a l i t i e s  i n  t h e  

Mono Basin; t h e  wind can, however, blow from a l l  quadran ts  

throughout t h e  year .  ~ o n e h l y  cumulative wind t o t a l s  are 

t y p i c a l l y  h ighes t  i n  March and Apr i l ;  hour ly  t o t a l s  are 

o f t e n  high on summer a f te rnoons  (Mono Bas in ' s  glone o ' c lock  

wind"), when warming of t h e  b a s i n  f l o o r  i n s t i g a t e s  s u r f a c e  

winds through convect ion.  

V e a e t a t i m .  From t h e  margin o f  Mono Lake t o  t h e  crest 

of t h e  S i e r r a  Nevada, t h e  Mono Basin spans  f i v e  of  Merriamgs 

l i f e  zones--the Upper Sonoran, T rans i t i on ,  Canadian, 

Hudsonian, and Arctic-Alpine.  A s  a  r e s u l t  of t h e  wide range 

of  t empera ture  and p r e c i p i t a t i o n  cond i t i ons  i n  t h e  bas in ,  t h e  

f l o r a  is  h igh ly  d i v e r s e ,  con ta in ing  upwards of  a thousand 

t a x a  (Taylor,  1981) .  Vegetat ion a s s o c i a t e d  wi th  t h e  Upper 

Sonoran Zone is  t h e  most ex t ens ive  a r e a l l y  a s  w e l l  as one of 

' t h e  s i m p l e s t  f l o r i s t i c a l l y .  It i s  a l s o  of g r e a t e s t  i n t e r e s t  

t o  t h e  p r e s e n t  s tudy  s i n c e  it covers  most of t h e  l a t e  

Holocene shore lands  and has  been a f f e c t e d  by f l u c t u a t i o n s  i n  

l a k e  l e v e l  i n  such a  way a s  t o  be a  u s e f u l  i n d i c a t o r  of 

former s h o r e l i n e  p o s i t i o n  ( s e e  Chapter 2,  s e c t i o n  D ) .  This  



zone comprises t h e  Pinyon-Juniper Woodland and t h e  Sagebrush 

Scrub communities of  Reveal (1965), whose l i s t  o f  i n d i c a t o r  

p l a n t s  i n c l u d e s  t h e  fo l lowing  woody s p e c i e s :  

These and o t h e r  x e r i c  s p e c i e s  (most no t ab ly  &&,X&&% 

w) dominate the  v e g e t a t i o n  of  t h e  c e n t r a l  b a s i n  

a r e a .  Only a t  s p r i n g  and s t r eam sites, where a cont inuous  

supp ly  of  f r e s h  water suppo r t s  a  dense s t a n d  o f  r i p a r i a n  

v e g e t a t i o n ,  and on a l k a l i n e  f l a t s  i n  the immediate v i c i n i t y  

o f  the  lake, where Distichlis sgAata forms t h e  dominant 

cover ,  does t h e  v e g e t a t i o n  of  t h e  b a s i n  f l o o r  d e p a r t  from an  

open patchwork of  sh rubs  and low trees w i t h  i n t e r v e n i n g  

clumps of  bunchgrass (most commonly cin.reus and 

W U , .  According t o  L a j o i e  (pe r sona l  communication, 

1981) t h e  l o g  of a w e l l  d r i l l e d  on Paoha I s l a n d  i n  1909 

s u g g e s t s  t h a t  a l a k e  h a s  occupied t h e  Mono Basin  con t inuous ly  

s i n c e  a t  l e a s t  mid-Ple is tocene t i m e .  Throughout t h i s  p e r i o d  

t h e  e l e v a t i o n  of t h e  l a k e  s u r f a c e  h a s  f l u c t u a t e d  widely  i n  

response  t o  changes i n  c l ima te .  w P l u v i a l n  hyd roc l ima t i c  

c o n d i t i o n s  a s  r e c e n t l y  a s  35,000-12,000 y e a r s  BP (La jo i e  et 



al ,  1983) f o r c e d  t h e  s u r f a c e  of  Lake Russell--Mono's 

P l e i s t o c e n e  p r edeces so r  (Putnam, 1950)--to a n  e l e v a t i o n  as 

much as 800 feet above t h a t  of t h e  p r e s e n t  day. Based on the  

a l t i t u d i n a l  d i s t r i b u t i o n  o f  d e l t a i c  g r a v e l s  and l a c u s t r i n e  

s i l ts  o f  h i s  Wilson Creek Formation, L a j o i e  (1968; L a j o i e  e t  

a l ,  1983) c o n s t r u c t e d  a f l u c t u a t i o n  curve  f o r  t h i s  g r e a t l y  

expanded wate r  body t h a t  i n c l u d e s  h i g h  s t a n d s  ( a t  e l e v a t i o n s  

r ang ing  from 7000 t o  7 1 8 0 = f e e t )  between 3 6  ka - 34  ka, 28 ka  

- 24 ka, and 1 4  ka - 12 ka, w i th  i n t e r m e d i a t e  l a k e  l e v e l s  

(6560 t o  6800 fee t )  p r e v a i l i n g  between 3 4  ka  - 28 ka, and 24 

ka - 1 4  ka .  The onse t  o f  r e l a t i v e l y  x e r i c  climatic 

c o n d i t i o n s  i n  v e r y  l a t e s t  P l e i s t o c e n e  t i m e  f o r c e d  a d e c l i n e  

i n  l a k e  l e v e l  t o  e l e v a t i o n s  approximat ing t h o s e  o f  t h e  

h i s t o r i c  p e r i o d .  Lake f l u c t u a t i o n s  throughout  t h e  Holocene 

have been s u b s t a n t i a l ,  though of f a r  lesser magnitude t h a n  

d u r i n g  Wilson C r e e k  t i m e .  

Over t ime ,  evapo ra t i on  from t h e  l a k e  has c o n c e n t r a t e d  

s o l u b l e  compounds i n t o  a dense,  sodium carbona te -b ica rbona te  

sodium c h l o r i d e  b r i n e  w i th  h igh  c o n c e n t r a t i o n s  of s u l f a t e ,  

b o r a t e ,  and phosphate .  I n  1981, when t h e  l a k e  a t t a i n e d  i t s  

lowes t  h i s t o r i c  s u r f a c e  e l e v a t i o n  and.volume, s a l i n i t y  

reached  91 p a r t s  p e r  thousand,  and pH approached 10 (Melack, 

1983 ) .  P r e s e n t l y  on ly  ca lc ium and magnesian ca rbona t e  

p r e c i p i t a t e s  from t h e  l a k e  wate rs ,  forming towers ,  domes, 

c r u s t s ,  and pavements of  t u f a  (low magnesian c a l c i t e ,  
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aragonite ,  and high magnesian calcite--see Chapter 2, Sect ion 

GI 

The b i t t e r  waters of t h e  lake support a simple but  

highly productive b i o t a  t h a t  includes bac te r i a ,  diatoms, 

green and blue-green algae,  seve ra l  protozoans, and a few 

zooplankton. Prominent among t h i s  l a t t e r  group i s  a spec ies  

of t h e  b r i n e  shrimp m. Melack (1983) quotes Clark and 
I.. 

Bowen (1976) and Bowen e t  a 1  (1978) t o  t h e  e f f e c t  t h a t  t h e  

A r t e m i a  of Mono Lake i s  probably d i s t i n c t  a t  t h e  spec ies  

l e v e l .  The A r t e m i a  c o n s t i t u t e s  a major source of food f o r  

t h e  hundreds of thousands of migratory waterfowl t h a t  

annually f lock  t o  t h e  lake . t o  breed o r . . f a t t e n .  

During t h e  pas t  2,000 years  volcanism on t h e  f l o o r  of 

Mono Lake has given r i s e  t o  rhyo l i t i c - to -dac i t i c  sp i res ,  

domes, flows, and cones, and t o  up-arched blocks of 

lake-bottom sediments. Many of these  volcanic  f e a t u r e s  have 

protruded above t h e  lake  sur face  a s  i s l a n d s  during a t  l e a s t  

p a r t  of t h e i r  ex is tence .  The i s l a n d s  of Mono Lake a r e  

conveniently divided i n t o  two groups t h e  b a s i s  of t h e i r  

d i s t r i b u t i o n  and composition. In  t h e  northwestern quadrant 

of t h e  lake i s  t h e  Negit ~ r c h i p e l a g o  (Figure 1--see a l s o  

Figure 1 9 ) .  The l a r g e s t  indiv idual  i n  t h i s  chain i s  Negit 

I s land ,  a composite of two cratered-domes, a l a v a - f i l l e d  

cinder-breccia cone, and a t  l e a s t  seven blocky lava  flows. 



Also included i n  t h e  Negit group i s  a  roughly-linear c l u s t e r  I 

of small  s p i r e s  and domes t h a t  s t r e t c h e s  e a s t  and west from 
I 

t h e  northern t i p  of Negit I s l and .  His to r i ca l ly ,  t h e  Negit 

Archipelago has been an important rooking ground f o r  t h e  
m 

Cal i fo rn ia  Gull (Larus californicus) . 
South of t h e  Negit Archipelago, near t h e  cen te r  of t h e  I 

lake,  l i e s  Paoha Is land,  a  l a r g e  block of anc ient  lake-bottom 

sediment t h a t  was u p l i f t e d  t o  i t s  present  pos i t ion  by t h e  I 

shallow i n t r u s i o n  of magma i n  immediately-pre-historic t ime. 

During t h e  upheaval huge s l a b s  of s a t u r a t e d  lake  sediment 

detached from t h e  main i s l and  mass and s l i d  westward, coming 
m 

t o  r e s t  i n  many t e n s  of f e e t  of water.  Today, a  por t ion  of 

t h i s  chao t i c  jumble of s l i d e  debr is  protrudes above t h e  l ake  .II 

su r face  a s  a  c o n s t e l l a t i o n  of small i s l e t s .  

Schol l  and h i s  co-workers (1967) constructed a  

bathymetric cha r t  of t h e  lake  i n  1964.6 The authors  poin t  

out  a  prominent topographic l i n e a r i t y  t h a t  t r ends  southwest 

t o  nor theas t  along t h e  northwestern s i d e  of t h e  lake,  and 

r e l a t e  t h e  chao t i c  topography near t h e  l a k e ' s  cen te r  t o  

d is turbance  associa ted  with t h e  emergence of Paoha I s l and .  

They draw a t t e n t i o n  t o  a  sub lacus t r ine  t e r r a c e  t h a t  e n c i r c l e s  

t h e  l ake  a t  an e l eva t ion  of approximately 6368 f e e t ,  and 

a t t r i b u t e  it t o  a  dec l ine  of t h e  l ake  su r face  t o  near t h a t  

l e v e l  i n  p r e - h i s t o r i c  t imes.  The deep of t h e  l ake  is  loca ted  

along t h e  e a s t e r n  margin of Paoha Is land,  and p resen t ly  l i e s  



under approximately 156 f e e t  of water .  According t o  t h e  

hypsographic and volumetr ic  curves  de r ived  from t h e  

bathymetry, t o d a y ' s  mean area-depth i s  approximately 60 f e e t ,  

while t h e  mean volume-depth i s  around 52 feet.  Present-day 

l a k e  volume i s  approximately 2.4 m i l l i o n  a c r e  feet accord ing  

t o  t h e  stage/area/capacity..curve de r ived  by Vors te r  (1985) - 
from t h e  Scho l l  bathymetry. That curve i s  reproduced he re  as 

Appendix A. 

Pelagos  Corporation of San Diego produced a h igh  

r e s o l u t i o n  bathymetry of  Mono Lake i n  1986. I n  o v e r a l l  

morphometric t e r m s  it d i f f e r s  l i t t l e  from t h e  c h a r t  produced 

by S c h o l l .  The h igh  r e s o l u t i o n  of t h e  Pelagos bathymetry, 

however, permi t s  a d e t a i l e d  assessment of t h e  topographic  

i n t r i c a c i e s  of t h e  l ake  bottom ( inc lud ing  t h e  d i s t r i b u t i o n  of 

l i n e a t i o n s ,  slumps, vo l can ic  i n t r u s i o n s ,  boulders ,  etc.  ) . 
Under n a t u r a l  cond i t i ons  t h r e e  S i e r r a n  rivers--Rush 

Creek (average annual  f low = 61,116 a c r e  f e e t ) ,  M i l l  Creek 

(aaf = 22,103 a c r e  f e e t ) ,  and Lee Vining Creek (aaf  = 49,033 

a c r e  f e e t ) ,  and two smal l  S i e r r a n  streams--Post O f f i c e  Creek 

(aaf  = 400 a c r e  f e e t )  and Dechambeau Creek (aaf  - 866 acre 

f ee t ) - - f eed  Mono Lake year-round (Figure  1) .  On average 

t h e s e  dra inages  account f o r  approximately 64% of  t h e  in f low 

t o  t h e  groundwater b a s i n .  Seve ra l  i n t e r m i t t e n t  s t reams 

( inc lud ing  Wilson, Bridgeport ,  Rancheria, and Cottonwood 

c reeks )  c a r r y  r e l a t i v e l y  smal l  amounts of  water  t o  t h e  l a k e  



from t h e  Bodie H i l l s .  These ephemeral c r eeks  prov ide  an 

average of roughly 3% of  t h e  l a k e ' s  t o t a l  inf low.  

P r e c i p i t a t i o n  on t h e  l a k e  s u r f a c e  (es t imated  a t  -17% o f  t h e  

t o t a l  in f low)  and recharge t o  t h e  groundwater b a s i n  make up 

t h e  remainder o f  t h e  in f low (Vorster ,  1985) .  I 

The l a k e ' s  s o l e  outf low coniponent i s  evapora t ion .  Data . 
m 

from test pans  i n  and n e a r  t h e  Mono Basin l e d  Vors t e r  (1985) 

t o  conclude t h a t  evapora t ion  o f  f r e s h  water from t h e  l a k e  
I 

averages  45 inches  p e r  year. Correc t ion  f o r  l a k e  s a l i n i t y  

lowers t h i s  f i g u r e  s e v e r a l  inches .  Evaporation is  h igh ly  

seasona l ,  wi th  perhaps  80% of t h e  t o t a l  occu r r ing  du r ing  t h e  

six-month p e r i o d  from May t o  October. 

I n t e r annua l  v a r i a b i l i t y  i n  evapora t ion  is s l i g h t .  Pan 

d a t a  i n d i c a t e s  t h a t  it has  been as low as 5 inches  below t h e  . 

mean (89% of normal) and as h igh  as 5.8 inches  above t h e  mean 

(113% of normal) .  Inflow, on t h e  o t h e r  hand, v a r i e s  g r e a t l y  

from yea r  t o  yea r .  During t h e  p e r i o d  1935-1985 t h e  annual  

n a t u r a l  flow7 o f  Rush, M i l l ,  and Lee Vining c reeks  t o t a l e d  as 

h igh  as 288,000 a c r e  f e e t ,  o r  192% of  normal (water  y e a r  

1982-83), and as low as 62,000 a c r e  f e e t ,  o r  4 1 %  of  normal 

. (water  year  1976-77). The major t r i b u t a r y  s t reams  e x h i b i t  a 

s t r o n g  seasona l  component i n  flow regime a s  wel l ,  brought 

about by t h e  pronounced s e a s o n a l i t y  of p r e c i p i t a t i o n  and 

snowmelt i n  t h e  Mono Basin.  Typica l ly ,  s treamflow reaches  an  

annua l  peak i n  June o r  e a r l y  Ju ly ,  and d e c l i n e s  t o  t h e  y e a r l y  



minimum i n  January.  This,  t o g e t h e r  wi th  t h e  marked 

s e a s o n a l i t y  i n  evaporat ion from t h e  l a k e  su r f ace ,  i n s t i g a t e s  

an annual  c y c l e  of l a k e  l e v e l  f l u c t u a t i o n s .  Under n a t u r a l  

cond i t i ons  t h e  l a k e  s u r f a c e  u s u a l l y  a t t a i n s  i t s  y e a r l y  

high-water mark between May and Ju ly ,  t h e n  d e c l i n e s  dur ing  

t h e  w a r m ,  d ry  months t h a t  'follow. This  annual  c y c l e  ope ra t e s  

r e g a r d l e s s  of  any long-term r i s i n g  o r  f a l l i n g  t r e n d  of  t h e  

l a k e  s u r f a c e .  The l a k e  t h u s  " r a t che t s "  upwards dur ing  

r e l a t i v e l y  hydr i c  per iods ,  and " r a t che t s "  downwards fol lowing 

t h e  onse t  o f  r e l a t i v e l y  x e r i c  c l i m a t i c  condi t ions ,  o f t e n  

c r o s s i n g  a s i n g l e  contour  s e v e r a l  t imes  i n  t h e  course  o f  a 

r i s i n g  o r  f a l l i n g  t r e n d .  

Because of  t h e  extreme d e n s i t y  of Mono Lake w a t e r , - t h e  

s t reams merge wi th  t h e  l a k e  as a su r f ace ,  o r  l*hypopycnaln, 

current . '  The e x i s t e n c e  of  hypopycnal c o n d i t i o n s  a t  Mono 

Lake i s  r e a d i l y  apparent  nea r  t h e  mouths o f  t h e  s t reams,  

where t h e  s t r a tum of  f reshwater  ( t h e  "mixolimnion") can be 

seen as a lakeward-moving l a y e r  c a r r y i n g  minera l  and o rgan ic  

d e t r i t u s .  This  l a y e r  ove r r ides  l a k e  wate r  ( t h e  

wmonimolimnion") t h a t  o f t e n  teems wi th  brineshrimp, t h e  

movements of  which are c l e a r l y  una f f ec t ed  by the ove r ly ing  

f r e shwa te r  c u r r e n t .  Indeed, t h e  br ineshr imp can normally be 

seen moving i n  a d i r e c t i o n  counte r  t o  t h a t  o f  t h e  

mixolimnion. This  phenomenon was observed up t o  s e v e r a l  

hundred meters lakeward of t h e  mouth o f  Lee Vining Creek 



dur ing  t i m e s  o f  h igh  stream d i scha rge  i n  t h e  s p r i n g  and 

summer o f  1982 and ' 8 3  (Photo 1) . Despi te  t h e  d e n s i t y  

d i f f e r e n c e  between t h e  s t ream and l a k e  waters ,  t h e  l a k e  

t y p i c a l l y  ove r tu rns  once p e r  year ,  t he rma l ly  s t r a t i f y i n g  

s h o r t l y  a f t e r  t h e  v e r n a l  equinox and remaining i n v e r t e d  u n t i l  

November (Melack, p .  224) . '' I 

I n  1940, when t h e  s u r f a c e  of  Mono Lake s t o o d  a t  an 
I 

e l e v a t i o n  of  6 , 4 1 7  f e e t , .  t h e  Los Angeles Department o f  Water 

and Power began t o  d i v e r t  t h e  f low of  Rush and Lee Vining 
I 

Creeks southward f o r  municipal  use .  During t h e  ensu ing  f o u r  

decades t h e  l a k e  s u r f a c e  dec l ined  45 v e r t i c a l  feet ( t o  6,372 

f e e t  i n  December, 1981, and. January,  1982) as a r e s u l t  of  

t h e s e  s t ream d i v e r s i o n s .  The abnormally h igh  runof f  o f  1982 

and '83 exceeded t h e  d i v e r s i o n  c a p a c i t y  o f  t h e  Los Angeles 

aqueduct  system, f o r c i n g  t h e  r e l e a s e  of l a r g e  amounts of  

water  down t h e  t r i b u t a r y  streams,  and occas ion ing  a l a k e  rise 

of n e a r l y  n i n e  v e r t i c a l  f e e t .  With t h e  r e t u r n  of  more normal 

runof f  c o n d i t i o n s  i n  1984 and '85 DWP resumed d i v e r s i o n s ,  and 

t h e  l a k e  once a g a i n  began t o  f a l l .  Cur ren t ly  (June, 1986) 

t h e  l a k e  s u r f a c e  i s  aga in  r i s i n g  i n  response t o  abnormally 

h igh  inf low,  and p r e s e n t l y  s t a n d s  a t  an  e l e v a t i o n  o f  around 

6380 feet .  Vors t e r  (1985) e s t i m a t e s  t h a t ,  had d i v e r s i o n s  n o t  

occurred,  t h e  l a k e  today would s t a n d  a t  approximately  

6425-6430 f e e t .  

A t  h i s t o r i c  p re -d ivers ion  e l e v a t i o n s  t h e  s h o r e l i n e  o f  



Mono Lake forms a smooth, sweeping curve along much of i t s  

length.  The lake  margin approximates an e l l i p s e ,  with t h e  

major a x i s  o r i en ted  a t  approximately 52 degrees t o  t h e  r i g h t  

o f . t h e  p reva i l ing  winds (Mason, 1967).  Noteworthy negat ive 

devia t ions  from t h e  i d e a l  e l l i p s e  a r e  found where t h e  streams 

have b u i l t  d e l t a s  i n t o  the, lake,  and i n  t h e  v i c i n i t y  of   lack' 

Point ;  t h e  only major p o s i t i v e  devia t ion  occurs' along t h e  

southern shore, where a subdued embayment forms t h e  region 

known a s  Navy Beach.'' A t  lower l ake  l eve l s ,  including those  

of t h e  p a s t  two decades, a block of up-arched l a c u s t r i n e  

sediments emerges from t h e  lake,  producing an i s l a n d  

("Si tna l ta l*  of Lajoie,  1968; "Pancakew of Winkler, 1983) ; 

when t h e  l ake  dec l ines  t o  e l eva t ions  below 6,376 f e e t  t h i s  

block e f f e c t i v e l y  connects Negit I s l and  with t h e  mainland, 

forming another major shore l ine  i r r e g u l a r i t y  r e f e r r e d  t o  as 

t h e  "Negit landbridge". 

The Negit landbridge i s  one of many po in t s  of content ion 

i n  an ongoing land-use controversy t h a t  p i t s  environmental 

organiza t ions  agains t  t h e  Los Angeles Department of Water and 

Power over t h e  quest ion of t h e  a r t i f i c i a l  lowering of Mono 

Lake. With t h e  emergence of t h e  landbridge i n  1977, coyotes 

made t h e i r  way onto Negit Is land,  d i s rup t ing  t e n s  of 

thousands of nes t ing  g u l l s  and forc ing  a near-complete 

breeding f a i l u r e  by 1979. While t h e  g u l l s  have subsequently 

nes ted  successfu l ly  on many of t h e  l a k e ' s  i s l e t s ,  



environmentalists argue that Negit Island may be essential to 
m 

the long-term viability of the Mono gull colony. They warn 
I 

that further decline in lake level and volume will 

concentrate the lake's dissolved solids, leading to - 
conditions unsuitable to the continued existence of -; 

this, they contend, would"advers1y affect the gulls, as well I 

as several other species of birds that depend on the lake as 
m 

a breeding or feeding site. The City of Los Angeles, which 

derives approximately 15% of its municipal water supply from 
I 

the Mono Basin, and generates considerable hydroelectricity 

with Mono water, on the other hand, points to potential loss 

of water and power revenues. The agency questions the degree 

to which the Mono Basin environment will be impacted by 

future diversions, and advocates a "wait and see" policy. 

The controversy is currently awaiting resolution in the state 

and federal courts. 



FOOTNOTES 

The fluctuations of several seemingly "terminalw lakes in 
northeastern California and southern Oregon have also been - 
investigated (Davis and pippin, 1979; Phillips and van 
Denburgh, 1971) . J.O. Davis (pers. comm., March, 1986) 
reports that these water bodies (including Abert, Summer, 
Eagle and Fort Rock lakes) "leakm--that is, they lose water 
through subsurface seepa,ge,. and are therefore not truly 
"terminal". 

2 Winnemucca Lake has receibed large amounts of Truckee 
River water even in historic times. In 1867, for example, 
when Clarence King reached the mouth of the stream on his 
"Exploration of the 40th Parallel1*, he found that half the 
Truckee River water entered Pyramid Lake, while the other. 
half flowed into Winnemucca Lake (King, 1878). 

3 On several occasions during late Holocene time eruptions 
of the Mono Craters in the southern portion of the Mono Basin 
resulted in the deposition of a considerable thickness of ash 
on the floor of the lake. The ejecta from each of these 
eruptions displaced enough lake water to force a rise in lake 
level of perhaps one foot. A somewhat more significant, 
though still minor (C6-foot), non-climatically-induced rise 
in lake level accompanied the emergence of Paoha Island in 
immediately pre-historic times (see Chapter 5 ) .  

4 While not listed in the American Geological Institute's 
Glossarv of Geoloav, the term "tephrostratigraphym is being 
employed with increasing frequency in reference to the study 
of the stratigraphic intricacies of a tephra deposit (Davis, 
1982; Smith and Street-Perrott, 1983). . 

5 There has been considerable disagreement as to the 
thickness of Cenozoic fill in the Mono Basin. Pakiser (1968) 
originally proposed a depth-to-bedrock of up to 5.5 (+ 1-1.5) 
km near the center of the basin. This figure was considered 
excessive by Christensen, et a1 (19691, who estimated the 
thickness of fill to be on the order of 1-1.5 km. The 
controversy was the subject of a vigorous debate (see the . 
Journal of Geophysical Research, v. 75 (20), pp.4077-4083 



(1970) )  t h a t  cu lmina ted  i n  a reassessment  by P a k i s e r  (1976) .  
I n  t h a t  work h e  p r e s e n t e d  ev idence  s u g g e s t i n g  t h a t  t h e  .I 

t h i c k n e s s  o f  t h e  v a l l e y  f i l l  i s  2-2.5 km, a f i g u r e  l y i n g  
between t h e  two ex t remes .  - 

The 20-foot  d r o p  i n  l a k e  l e v e l  t h a t  h a s  o c c u r r e d  s i n c e  1964 
h a s  r e v e a l e d  o n l y  one s i g n i f i c a n t  i n a c c u r a c y  i n  t h e  
ba thymetry:  t h e  c h a r t  i n c o r r e c t l y  shows a deep channe l  l y i n g  - 
between Neg i t  I s l a n d  and t h e  n o r t h e r n  s h o r e ;  t h u s ,  it does  
n o t  p r e d i c t  t h e  e x i s t e n c e  o f  a Neg i t  l a n d b r i d g e .  

Annual n a t u r a l  f low i s  d e f i n e d  as t h e  s t r e a m  f l o w  t h a t  I 

would have  o c c u r r e d  had t h e r e  been no r e g u l a t i o n  by 
r e s e r v o i r s  i n  t h e  Mono Basin .  

I 

8 B a t e s  (1953) n o t e s  t h a t  a  s t r e a m  can "merge" w i t h  a l a k e  i n  
three ways: a s  a  bot tom, o r  "hyperpycnal"  c u r r e n t  (when the  
s t r e a m  w a t e r  is  d e n s e r  t h a n . t h a t  o f  t h e  l a k e ) ;  a s  a 
homopycnal c u r r e n t  (when s t r e a m  and l a k e  w a t e r  are o f  e q u a l  I 

d e n s i t y ) ;  and a s  a  s u r f a c e ,  o r  "hypopycnal" c u r r e n t  (when 
t h e  stream wate r  i s  less dense  t h a n  t h a t  o f  t h e  l a k e ) .  Mono 
Lake r e p r e s e n t s  a n  extreme c a s e  o f  t h e  hypopycnal c o n d i t i o n .  

The combinat ion  o f  h i g h  fxeshwate r  i n f l o w  and low l a k e  
volume t h a t  p r e v a i l e d  i n  1982 and 1983 c r e a t e d  a 
s t r a t i f i c a t i o n  s o  ext reme t h a t  it c o u l d  n o t  b e  overcome by 
summer h e a t i n g .  The l a k e  t h u s  fa i led  t o  o v e r t u r n  i n  1983, 
'84,  and '85 (Ormland, e t  a l ,  unpub.) . 
lo Mason (1967) b e l i e v e d  t h a t  t h i s  embayment, a s  w e l l  as t h e  
c l i f f  i n  t h e  v i c i n i t y  o f  Simon's s p r i n g s  on t h e  l a k e ' s  
s o u t h e a s t e r n  margin,  was ca rved  by a r e t u r n  c u r r e n t  r u n n i n g  
southward  and  sou theas tward  a t  d e p t h .  Both o f  t h e s e  
f e a t u r e s ,  however, a r e  bounded by f a u l t s  (see Appendix D), 
and a r e  c l e a r l y  s t r u c t u r a l l y  c o n t r o l l e d .  



CHAPTER 1 

THE HISTORIC FLUCTUATIONS OF MONO LAKE 

It i s  e s s e n t i a l  a t  t h e  o u t s e t  t o  e s t a b l i s h  t h e  
'.. 

f l u c t u a t i o n s  of  Mono Lake t h a t  occurred du r ing  t h e  y e a r s  of 

h i s t o r i c  record--the yea r s  s i n c e  1853 AD. Only i n  t h e  

con tex t  of t h i s  r eco rd  i s  it p o s s i b l e  t o  unders tand t h e  

p r e - h i s t o r i c  l a k e  l e v e l  curve, t h e  l i n e s  of  evidence used t o  

c o n s t r u c t  t h a t  curve,  and t h e  n a t u r e  of t h e  climatic 

o s c i l l a t i o n s  t h a t  c o n t r o l l e d  t h e  l a t e  Holocene f l u c t u a t i o n s  

i n  t h e  s i z e  of Mono Lake. 

S ince  1912 a c t u a l  l a k e  l e v e l  .readings have been taken  a t  

d a i l y  t o  semi-monthly i n t e r v a l s .  When c o r r e c t e d  f o r  obvious 

. measurement e r r o r s ,  and f o r  changes i n  e l e v a t i o n  datum, t h e s e  

r ead ings  may be used t o  cons t ruc t  an a c c u r a t e  hydrograph f o r  

t h e  p e r i o d  between 1912 and t h e  p r e s e n t .  

The s u r f a c e  f l u c t u a t i o n s  t h a t  occur red  du r ing  t h e  s i x  

decades p r i o r  t o  1912 can be e s t ima ted  based on h i s t o r i c  

accounts ,  c a r t o g r a p h i c  evidence,  and c l i m a t i c  r eco rds .  This  

, would be  a s imple  t a s k  were it not  f o r  widely accep ted  

misconceptions regard ing  t h e  e l e v a t i o n  of t h e  l a k e  i n  t h e  . 



1850s, '60s and '70s .  The purpose of t h i s  chap te r  i s  t o  

c o r r e c t  t h i s  misinformation,  and t o  p rov ide  an h i s t o r i c  

f l u c t u a t i o n  curve f o r  Mono Lake t h a t  can be u t i l i z e d  a s  a  

b a s i s  f o r  t h e  subsequent d i s cus s ion  of p r e - h i s t o r i c  changes 

i n  l a k e  l e v e l .  

Much of  t h i s  informat ion was p re sen ted  i n  an e a r l i e r  

paper  (S t ine ,  1981) .  The arguments and conc lus ions  p re sen ted  

i n  t h a t  p u b l i c a t i o n  a r e  f u r t h e r  s u b s t a n t i a t e d  i n  t h e  p r e s e n t  

work by t h e  a d d i t i o n  of  newly d i scovered  f a c t s .  

I n t roduc t ion  

Between 1855 and 1857 Colonel Alex is  Waldemer von 

Schmidt, under c o n t r a c t  wi th  t h e  United S t a t e s  Land Of f i ce ,  

conducted t h e  f i rs t  c a d a s t r a l  survey of t h e  Mono Basin.' I n  

a d d i t i o n  t o  e s t a b l i s h i n g  t h e  township, range,  and s t a n d a r d  

l i n e s  over  much of t h e  bas in ,  t h e  Bal t ic-born engineer  

surveyed o r  "meandered1' almost  t h e  e n t i r e  s h o r e l i n e  of  Mono 

Lake. 

Von Schmidt ' s  survey n o t e s  and p l a t s  do no t  s p e c i f y  t h e  

s u r f a c e  e l e v a t i o n  of Mono Lake a s  it e x i s t e d  a t  t h e  t ime of  

t h e  c a d a s t r a l  exped i t i ons .  During t h e  p a s t  50 yea r s  s e v e r a l  

workers have used those  no te s  and p l a t s  i n  a t t empt s  t o  d e f i n e  



t h e  1857 l a k e  l e v e l .  These i n v e s t i g a t i o n s  have produced 

widely d i s p a r a t e  conclusions,  wi th  t h e  r e s u l t  t h a t  

s i g n i f i c a n t  e r r o r s  concerning t h e  1857 l a k e  e l e v a t i o n  have 

become entrenched i n  t h e  s c i e n t i f i c  and l e g a l  l i t e r a t u r e .  It 

w i l l  be shown h e r e  t h a t  t h e  s u r f a c e  e l e v a t i o n  of Mono Lake i n  

1857 was 31  v e r t i c a l  f ee t ' l h ighe r  t h a n  t h e  long-accepted 

f i g u r e ,  and t h a t  t h e  l a k e  s h o r e l i n e  i n  t h a t  year  w a s  as much 

a s  7500 h o r i z o n t a l  f e e t  upslope from t h e  p o s i t i o n  impl ied i n  
-- 

much of  t h e  e x i s t i n g  l i t e r a t u r e .  

Previous  I n t e r p r e t a t i o n s  

The f i r s t  a t t empt s  t o  determine t h e  1857 su r f ace  

e l e v a t i o n  of Mono Lake were undertaken by t h e  C i ty  of Los 

Angeles du r ing  t h e  e a r l y  1930ts ,  when it moved t o  a q u i r e  

water  and p rope r ty  r i g h t s  i n  t h e  Mono Basin.  E.A. Bayley of 

t h e  Los Angeles Department of Water and Power c a l c u l a t e d  i n  

1931 t h a t  t h e  l a k e  s u r f a c e  i n  1857 s tood  6408 f e e t  above sea 

l e v e l  (Harding, 1962) . The f i n d i n g s  of an i n v e s t i g a t i o n  

begun two y e a r s  l a t e r  by Henry B. Lynch, t hen  a consu l t i ng  

engineer  f o r  t h e  Metropol i tan Water District  of Southern 

C a l i f o r n i a ,  g r o s s l y  c o n t r a d i c t  Bayley 's  conclusions .  Most o f  

Lynch's f i g u r e s  sugges t  t h a t  t h e  l a k e  s tood  a t  6389 feet i n  

1857; one c a l c u l a t i o n ,  however, p l a c e s  t h e  l a k e  s u r f a c e  a t  

6376 f e e t  i n  t h a t  year  (Lynch, 1933; Harding, unpub.) . I n  

an a r t i c l e  publ i shed  i n  1948, Lynch concludes t h a t  t h e  l a k e  



s tood  a t  6376 f e e t  i n  1857 (Lynch, 1948) .  

The works of  Lynch and Bayley w e r e  reviewed by eng inee r  

S.T. Harding i n  an unpublished manuscript  of 1962 (Harding, 

unpub.) .  While he  had concluded y e a r s  earl ier  t h a t  t h e  1857 

l a k e  l e v e l  w a s  approximately 6388 feet (Harding, 1942) ,  

Harding accep ted  t h e  l a k e  e l e v a t i o n  of 6376 feet p o s t u l a t e d  

by Lynch, and a t tempted t o  co r robora t e  t h a t  low l a k e  l e v e l  

wi th  r e l e v a n t  h i s t o r i c  accounts .  S ince  t h e  p u b l i c a t i o n  of  

Harding 's  r e s u l t s  i n  1965 (Harding, 1965) ,  t h e  6376-foot 

f i g u r e . h a s  been quoted o f t e n  i n  t h e  geologic ,  c l i m a t o l o g i c  

and l e g a l  l i t e r a t u r e . .  Bayley 's  unpublished f i g u r e  of  6408 

f e e t ,  on t h e  o t h e r  hand, has  long been f o r g o t t e n .  

During t h e  p a s t  four-and-a-half decades a number of 

o t h e r  e l e v a t i o n s  f o r  mid-nineteenth cen tu ry  Mono Lake have 

appeared i n  t h e  s c i e n t i f i c  l i t e r a t u r e .  While t h e s e  have n o t  

been quoted as widely as t h e  conc lus ions  of  Lynch and 

Harding, t h e y  have n e v e r t h e l e s s  added t o  t h e  g e n e r a l  

confusion surrounding t h e  r eco rd  of h i s t o r i c  l a k e  

f l u c t u a t i o n s ,  and i n  s e v e r a l  ca ses  have r e i n f o r c e d  t h e  

impression t h a t  t h e  l a k e  was e x c e p t i o n a l l y  low du r ing  t h e  

1 8 5 0 t s ,  '60s,  t 7 0 s  and '80s. Antevs ( l 9 3 9 ) ,  f o r  i n s t ance ,  

misquoted Harding (1935) t o  t h e  e f f e c t  t h a t  t h e  l a k e  s tood  a t  

6378 f e e t  i n  1857. I n  f a c t ,  Harding concluded i n  h i s  1935 

a r t ic le  t h a t  i n  1857 t h e  l a k e  s tood  somewhere between 6386, 



and 6393 feet.  Without c i t i n g  a re fe rence ,  Keenan Lee (1969) 

c i t e d  an 1857 l a k e  l e v e l  of 6378 f e e t ,  presumably drawing 

upon Antevs. Scho l l  and T a f t  (1964) quoted I . C .  R u s s e l l ' s  

e s t i m a t e  of 6380 f e e t  f o r  t h e  1883 l a k e  l e v e l ,  appa ren t ly  

without cons ide r ing  t h e  need t o  update R u s s e l l ' s  f i g u r e  t o  a 

modern e l e v a t i o n  datum. Scho l l  e t  a1 (1967) wrote t h a t  t h e  - 
l a k e  s u r f a c e  s tood  l lclose t o  6385 feet1 '  i n  1850, b u t  gave 

n e i t h e r  a source  nor  an explana t ion  f o r  t h i s  f i g u r e .  Mason 

(1967) c i t e d  an e l e v a t i o n  of  1954.8M ( ~ 6 4 1 3 . 7  f e e t )  f o r  the 

yea r  1882 and a t t r i b u t e d  it t o  Russe l l ;  R u s s e l l  conducted no 

l e v e l i n g  surveys  i n  1882, however, and mentioned no such 

e l e v a t i o n  f o r  t h a t  o r  any o t h e r  year .  

I n  1975 t h e  Los Angeles ~ e ~ a r t m e n t  o f  Water and Power, 

which formerly  accepted t h e  6376-foot f i g u r e  of  Lynch and 

Harding, publ i shed  a r e p o r t  t h a t  pu t  t h e  1857 s u r f a c e  

e l e v a t i o n  of Mono Lake a t  6385.9 f e e t  (LADWP, 1975) . Under 

ques t ion ing  by t h e  w r i t e r  i n  1980 DWP h y d r o l o g i s t s  w e r e  

unable  t o  e x p l a i n  how such a f i g u r e  w a s  de r ived .  The agency 

l a te r  r e t r a c t e d  t h a t  e l eva t ion ,  and readopted t h e  6376-foot 

f i g u r e  of  Lynch and Harding.3 I n  l a t e  1981, af ter  r e c e i v i n g  a 

manuscript  i n  which I a s s e r t e d  t h a t  

e l e v a t i o n  o f  t h e  Mono Lake was 6407 

t h a t  manuscript  wi th  Kenneth La jo ie  

Geological  S ~ r v e y , ~  r e p r e s e n t a t i v e s  

t h e  1857 s u r f a c e  

f e e t ,  and a f t e r  reviewing 

of  t h e  United S t a t e s  

o f  DWP t e s t i f i e d  b e f o r e  



t h e  C a l i f o r n i a  S t a t e  Assembly Committee on Water, Parks  and 

Wildlife t h a t  i n  1857 Mono Lake s tood  a t  an e l e v a t i o n  of  6407 

f e e t  (Assembly Record, November 16, 1981) . 

The Measurements o f  Bayley and Lynch 

Bayley 's  p o s t u l a t e d  J857 l a k e  e l e v a t i o n  of  6408 f e e t  was 

d e r i v e d  i n  1931 by l o c a t i n g  t h e  common co rne r  o f  S e c t i o n s  6, 

7 and 12  i n  TIN R27 and ZgE on t h e  sou theas t e rn  shore lands  

(F igu re  3 ) .  Von Schmidt 's  survey n o t e s  p l a c e  t h i s  p o i n t  1.50 

c h a i n s  (99  f e e t )  sou th  of t h e  1857 l a k e  margin. Bayley 

measured 99 feet northward from t h e  co rne r  marker and 

determined t h e  e l e v a t i o n  of  t h e  newly found point--and t h u s  

of  t h e  1857 l a k e  shorel ine-- to  be  6408 f e e t  (Harding, 

unpub. ) . 
I n  h i s  unpublished no tes ,  Harding d i smis ses  t h e  v a l i d i t y  

of Bayley 's  1857 l a k e  e l e v a t i o n  f o r  reasons  t h a t  are unc lea r .  

H i s  s t a tement  regard ing  Bayley 's  f i n d i n g  i s  vague: "This 

r e s u l t  does no t  check wi th  c u r r e n t  [da t e  unknown] US 

Geologica l  Survey mapn (Harding, unpub . ) . I n  f a c t ,  however, 

t h i s  r e s u l t  does correspond p r e c i s e l y  w i th  t h e  U.S. 

, Geologica l  Survey r-ads Mountain quadrangle (15 mini 

series) o f  1962. This  correspondence w i l l  be  d i scus sed  

subsequent ly .  

To r e f u t e  Bayley 's  conclusion,  Harding r e s o r t e d  t o  an 

a s t o n i s h i n g l y  imprecise  and a r b i t r a r y  procedure .  Assuming 



Figure 3. 
A portion of the Cowtrack Mountain (1952) 
Quadrangle. The point at which Bayley 
derived an 1857 lake elevation of 6408 
feet i s  designated with an arrow. 



t h a t  von Schmidt had i n c o r r e c t l y  l o c a t e d  t h e  p rev ious ly  

mentioned common corner ,  Harding (unpub.) p r o j e c t e d  s e c t i o n  

l i n e s  from t h e  USGS topographic  quadrangle of  t h e  Mount 

Whitney reg ion ,  over  50 mi les  t o  t h e  sou theas t ,  on to  W.D. 

Johnson's  (Russe l l ,  1889) 1883 ba thymet r ic  map of Mono Lake. 

He t h e n  l o c a t e d  t h e  "cor rec ted"  p o s i t i o n  of t h e  common co rne r  

which, accord ing  t o  Johnson's  map, would have been under 31 

f e e t  of  wate r  i n  1883. Sub t r ac t ing  31 from 6410 ( t h e  s u r f a c e  

e l e v a t i o n  o f  Mono Lake i n  1883) ,  Harding a r r i v e d  a t  an  1857 

s u r f a c e  e l e v a t i o n  of 6379 f e e t ,  a f i g u r e  more i n  keeping wi th  

t h e  e l e v a t i o n  of  6376 f e e t  determined by Lynch, which he 

assumed t o  be c o r r e c t  (Harding, unpub. ) . 
Sec t ion  l i n e s ,  of  course ,  cannot be p r o j e c t e d  from one 

smal l - sca le  map t o  another  wi th  t h e  degree  of  accuracy 

assumed by Harding. Johnson 's  ba thymet r i c  map shows on ly  a 

h igh ly  g e n e r a l i z e d  p i c t u r e  of t h e  c o n f i g u r a t i o n  o f  t h e  l a k e  

bottom, and Harding 's  c la im of 31 f e e t  o f  wate r  over  t h e  

common co rne r  c l e a r l y  involved e x t r a p o l a t i o n  and guesswork. 

Furthermore, because of  t h e  poleward convergence o f  

meridians ,  s e c t i o n  l i n e s  a r e  r e s e t  a t  24-mile i n t e r v a l s ,  and 

are n o t  cont inuous from township t o  township. For t h i s  

reason  a lone  c a d a s t r a l  g r i d  systems cannot be  p r o j e c t e d  from 

a map o f  one a r e a  t o  t h a t  of ano the r  f u r t h e r  t o  t h e  

nor thwest .  Von Schmidt, an exper ienced surveyor ,  made h i s  

meander measurements from t h e  c a d a s t r a l  system t h a t  he 



established in the field, not from one transferred from a 

small-scale map of a different area 50 miles to the 

southeast. 

. In 1933 Lynch located 32 of the section corners placed 

by von Schmidt, From these points he measured to the 1857 

meander line based on the-directions and distances recorded 

in von Schmidt's survey notes, At each of the 32 points he 

calculated the slope of the land lying above the lake margin, 

which in 1933 stood at approximately 6418 feet. He then 

projected that slope as a line out into the lake. This, he 

believed, allowed him to determine the depth of water 

overlying von Schmidt's meander points. The average depth 

calculated in this manner was found to be approximately 29 

feet which, when subtracted from the 1933 lake level, 

suggests an 1857 shoreline elevation of 6389 feet (Harding, 

unpub . ) . 
Lynch reported considerable variation in the individual 

results obtained by this method. Such variation may be due 

in part to small errors in von Schmidt's measurements. Minor 

mistakes have been found in the locations of many of his 

section corners (Harding, unpub.), and there is no reason to 

think that the measurements he made between section corners 

and meander points were completely error-free. But more 

importantly, Lynch assumed that the slope gradients found 

below lake level were the same as those existing above the 



water  s u r f a c e .  I n  v i r t u a l l y  a l l  a r e a s  of t h e  Mono 

shore lands ,  however, t h e r e  i s  a s i g n i f i c a n t  f l a t t e n i n g  of  

s l o p e  i n  t h e  lakeward d i r e c t i o n . '  Lynch f a i l e d  t o  t a k e  t h i s  

f l a t t e n i n g  i n t o  account .  Had he cons idered  t h i s  f a c t o r  he 

would have de r ived  s i g n i f i c a n t l y  h i g h e r  va lues  f o r  t h e  1857 

l a k e  e l e v a t i o n .  

Lynch's most no t ab l e  measurement--indeed, t h e  one t h a t  

led t o  t h e  widely accep t~ed .conc lus ion  t h a t  t h e  s u r f a c e  o f  

Mono Lake s t o o d  a t  6376 f e e t  i n  1857--was made a long  t h e  

s o u t h l i n e  o f  Sec t ion  19, T2N R26E, i n  t h e  nor thwestern  co rne r  

of t h e  l a k e  (F igure  4 ) .  Lynch no ted  t h a t  i n  1857 von Schmidt 

recorded a  d i s t a n c e  of 60 cha ins  (3,960 f e e t )  between t h e  

southwestern  co rne r  of Sec t ion  19 and t h e  s h o r e l i n e  d i r e c t l y  

e a s t  of t h a t  p o i n t .  This  s e c t i o n  l i n e  was t h e  sou thern  e x t e n t  

of von Schmidt ' s  survey i n  t h e  western  p o r t i o n  of  Mono Lake. 

Lynch sounded t h e  l a k e  a long t h e  extended s o u t h l i n e  o f  

Sec t ion  1 9  and found 42 f e e t  of water  ove r ly ing  t h e  supposed 

p o s i t i o n  of  t h e  1857 meander co rne r .  H e  t hen  s u b t r a c t e d  42 

from t h e  1933 e l e v a t i o n  of t h e  l a k e  (6418 feet)  and concluded 

t h a t  i n  1857 t h e  l a k e  s u r f a c e  s tood  a t  an e l e v a t i o n  o f  6376 

feet (Harding, unpub. ) . 
Although a l l  of  Lynch's o t h e r  c a l c u l a t i o n s  r e s u l t e d  i n  

f i g u r e s  cons ide rab ly  h ighe r  t han  6376 f e e t ,  it i s  t h a t  

e l e v a t i o n  which he accepted a s  be ing  c o r r e c t .  Harding too ,  



Figure 4 .  
A portion of the Bodie (1958) Quadrangle showing 
the southline of Section 19 (designated with arrow) 
used by Lynch to derive an 1857 surface elevation 
of 6376 feet. Note that Dechambeau Creek enters 
Mono Lake just north of that line. 



d e s p i t e  h i s  own c a l c u l a t i o n s  sugges t ing  a h i g h e r  l a k e  l e v e l  I 

(Harding, 1935; 1942) ,  accepted t h e  6376-foot f i g u r e  de r ived  
I 

by Lynch a long  t h e  s o u t h l i n e  of  Sec t ion  19, T2N R26E. H e  

reasoned t h u s l y :  "This l i n e  was t h e  sou thern  l i m i t  o f  
I 

s e c t i o n i z i n g  i n  1857. It i s  probable  t h a t  von Schmidt would 

have been more c a r e f u l  i n "1oca t ing  and marking c o r n e r s  t o  I 

which f u r t h e r  surveys  would be t i e d  than  he may have been f o r  
m 

i n t e r i o r  corners"  (Harding, unpub. ) . 
Harding 's  reasoning  might be  worthy of  cons ide ra t ion  i f  

I 

it h e l d  t r u e  f o r  bo th  end p o i n t s  of t h e  meander survey.  But 

it c l e a r l y  does n o t .  The o t h e r  end p o i n t ,  l o c a t e d  a long  t h e  

western  edge of Sec t ion  4 ,  T I N  R26E, l ies  on ly  s l i g h t l y  below 

an e l e v a t i o n  of 6409 f e e t  ( s ee  below).  

There i s  sound evidence t h a t  t h e  meander l i n e  i n  Sec t ion  

19,  which Lynch r e l i e d  upon t o  d e r i v e  h i s  favored  1857 l a k e  

l e v e l ,  i s  no t  an a c c u r a t e  dep ic t ion  of t h e  s h o r e l i n e  as it 

e x i s t e d  i n  t h a t  yea r .  Figure  5, which i l l u s t r a t e s  t h e  

r e l a t i v e  p o s i t i o n s  of t h e  1857 meander l i n e ,  t h e  s h o r e l i n e  o f  

1958, and t h e  6376-foot contour  i n  t h e  v i c i n i t y  of Sec t ion  

19, T2N ~ 2 6 E ,  p rov ides  a graphic  i l l u s t r a t i o n  o f  t h e  

. inaccuracy .  On t h a t  f i g u r e  t h e  1857 meander l i n e  can be seen  

t o  l i e  upslope from t h e  1958 s h o r e l i n e  and t h e  6376-foot 

con tour  a long  almost  i t s  e n t i r e  l e n g t h .  Only i n  Sec t ion  1 9  





m 

does a g r o s s  except ion  e x i s t .  There, t h e  1857 meander l i n e  

can be  seen t o  c r o s s  bo th  t h e  1958 s h o r e l i n e  and t h e  

6376-foot con tour  almost  pe rpend icu la r ly .  One p o s s i b l e  

exp lana t ion  f o r  t h i s  anomaly is  t h a t  t h e  shore lands  i n  I 

Sec t ion  19  underwent cons ide rab le  geomorphic a l t e r a t i o n  a f t e r  

1857. The w r i t e r  examined t h e  a r e a  f o r  evidence of  such I 

a l t e r a t i o n  and found no th ing  t h a t  would sugges t  p h y s i c a l  

change on t h e  s c a l e  necessary  t o  e x p l a i n  t h e  discrepancy.  

The shape of  t h e  s h o r e l i n e  mapped by von Schmidt i n  
I 

Sec t ion  19 i s  a l s o  t e l l i n g .  Not ice  on F igu re  5  t h a t  t h e  

d i s t i n c t l y  angu la r  con f igu ra t ion  of t h a t  p o r t i o n  of  t h e  I 

meander l i n e  i s  u n l i k e  t h e  smooth, curv ing  l i n e  t h a t  
I 

c h a r a c t e r i z e s  t h e  r e s t  of t h e  1857 meander (see a l s o  F igu res  

7 ,  9, and l o ) .  Indeed, i n  comparison t o  t h e  rest of  t h e  

meander l i n e  t h e  angu la r  segment i n  Sec t ion  19  appears  

con t r ived .  Furthermore, f i e l d  i n v e s t i g a t i o n  shows t h a t  t h e  

meander l i n e  mapped by von Schmidt i n  Sec t ion  1 9  b e a r s  no 

resemblance t o  any p a s t  o r  p r e s e n t  s h o r e l i n e  l y i n g  between 

t h e  e l e v a t i o n s  of  6372 feet and 6410 f e e t  a long  t h a t  p o r t i o n  

o f  t h e  lakeshore .  

One f i n a l  obse rva t ion  sugges t s  t h a t  t h e  meander l i n e  i n  I 

Sec t ion  19  i s  con t r ived .  While surveying t h e  l a k e ,  von 

Schmidt c o n s i s t e n t l y  recorded t h e  p r e c i s e  p o s i t i o n  a t  which I 

t h e  meander l i n e  c ros sed  t h e  mouths of t h e  t r i b u t a r y  s t reams  
I 

and s p r i n g s  ( e . g .  a t  t h e  mouths of  present-day Lee Vining, 



Rush, M i l l ,  Wilson and Bridgeport  c r e e k s ) .  Y e t  h i s  n o t e s  

c o n t a i n  no mention of having c rossed  Dechambeau Creek (Figure  

4 )  du r ing  h i s  meander of Sec t ion  1 9  (see Figure  5 ) .  Had von 

Schmidt a c t u a l l y  meandered t h e  s h o r e l i n e  i n  Sec t ion  1 9  it 

seems l i k e l y  t h a t  he would have mentioned c r o s s i n g  t h a t  

s t ream mouth, and would have s t a t e d  i t s  exac t  p o s i t i o n  i n  h i s  

n o t e s .  

The a t y p i c a l  a n g u l a r i t y  of t h e  meander l i n e  i n  Sec t ion  

19; t h e  d i s s i m i l a r i t y  betwqen t h a t  l i n e  and any a c t u a l  p a s t  

o r  p r e s e n t  s h o r e l i n e  i n  t h e  a r ea ;  t h e  anomolous r e l a t i o n s h i p  

between t h a t  p o r t i o n  of t h e  meander l i n e  and t h e  o t h e r  two 

l i n e s  mapped on F igure  5; and h i s  f a i l u r e  t o  mention t h e  

mouth of Dechambeau Creek i n  h i s  survey no tes ,  l e a d  t o  t h e  

conc lus ion  t h a t  von Schmidt e i t h e r  s e r i o u s l y  e r r e d  i n  h i s  

survey wi th in  Sec t ion  19  o r ,  more l i k e l y ,  t h a t  he  "dubbed i n "  

a s h o r e l i n e  i n  t h a t  s e c t i o n .  I n  e i t h e r  case ,  it seems c l e a r  

t h a t  c a l c u l a t i o n  of t h e  1857 su r f ace  e l e v a t i o n  of Mono Lake 

should  no t  be  based on measurements made wi th in  Sec t ion  19.  

C l ima t i c  I m p l a u s i b i l i t y  Of An 1857 Sur face  Eleva t ion  

Of 6376 Fee t  

Before a t tempt ing  t o  demonstrate t h e  a c t u a l  1857 

s h o r e l i n e  e l e v a t i o n  of  Mono Lake it i s  i n s t r u c t i v e  t o  

cons ide r  t h e  s e v e r i t y  of t h e  c l i m a t i c  cond i t i ons  t h a t  would 

be r e q u i r e d  t o  f o r c e  a  drop i n  l a k e  l e v e l  t o  6376 f e e t .  It 



is  assumed i n  t h i s  d i s cus s ion  t h a t  s i g n i f i c a n t  f l u c t u a t i o n s  

i n  l a k e  l e v e l  dur ing  l a t e  p r e - h i s t o r i c  and e a r l y  h i s t o r i c  

t imes  were caused p r i m a r i l y  by changes i n  t h e  rate o f  inflow, 

r a t h e r  t han  by changes i n  t h e  r a t e  of evapora t ion  from t h e  

l a k e  su r f ace ;  j u s t i f i c a t i o n  f o r  t h i s  assumption i s  d i s c u s s e d  

on pg. 359. 

Between 1924 and 1934 c e n t r a l  C a l i f o r n i a ,  and indeed 

much of  western North Ameri-ca, exper ienced t h e  most s eve re  

and prolonged drought i n  t h e  136 y e a r s  (1849-1985) o f  record .  

That e leven  yea r s  of a r i d i t y  shows up as a marked 

p e r t u r b a t i o n  i n  t h e  r i n g s  of d rought - sens i t ive  t r e e s  i n  t h e  

Mono B a ~ i n . ~  According t o  Harding, t h e  in f low t o  Mono Lake 

du r ing  t h e s e  y e a r s  of t h e  mid-continent Dust Bowl averaged 

on ly  about 70% of  normal (Harding, 1965, Table 24) . Harding 

a l s o  c a l c u l a t e d  t h a t  approximately t h a t  same amount o f  in f low 

would be  r e q u i r e d  t o  s u s t a i n  Mono Lake a t  a l e v e l  of  6376 

f e e t .  By Harding 's  own reckoning, then ,  t h e  p e r s i s t e n c e  of  

drought  such as occur red  du r ing  t h e  p e r i o d  1924-1934 would 

e v e n t u a l l y  r e s u l t  i n  t h e  s t a b i l i z a t i o n  of  Mono Lake a t  about  

6376 f e e t . 7  

How long  would such drought cond i t i ons  have t o  p e r s i s t  

t o  reduce  t h e  l e v e l  of Mono Lake t o  t h a t  e l e v a t i o n ?  This,  o f  

course ,  depends on t h e  l e v e l  of t h e  l a k e  a t  t h e  onse t  of  t h e  

drought .  I n  1924, when t h e  drought began, t h e  l a k e  s tood  a t .  



an e leva t ion  of 6424.1 f e e t .  By 1934 it had dropped 

approximately 8.3 f e e t ,  t o  an e levat ion  of 6415.8 f e e t .  

Assuming a r a t e  of dec l ine  of 8 .3  f e e t  p e r  eleven years  (- 

0.75 f e e t  pe r  y e a r ) ,  then, it may be ventured a s  a f i r s t  

approximation t h a t  t o  draw Mono Lake t o  6376 f e e t  from its 

1924 e leva t ion  would requi re  about 63 ,years  of a 

hydroclimatic regime s i m i l a r  t o  t h e  drought per iod  of t h e  

1920s and '30s.  It must be remembered, however, t h a t  as t h e  

l e v e l  of t h e  lake f a l l s ,  s eve ra l  f a c t o r s ,  including an 

increase  i n  s a l i n i t y  and a decrease i n  su r face  a rea  (both of 

which reduce evaporative l o s s ) ,  a c t  t o  slow t h e  r a t e  of l ake  

dec l ine .  Thus, based on t h i s  simple assessment, it i s  s a f e  

t o  say t h a t  i f  such a c l ima t i c  regime had p e r s i s t e d  from 1925 

t o  t h e  present ,  and no water d ivers ions  had occurred, t h e  

lake  today (1987) would s t i l l  be higher than 6376 feet. 

Perhaps another decade o r  more of Dust Bowl-like condi t ions 

would be necessary t o  force  t h e  lake  t o  t h a t  e l eva t ion .  

The po in t  of t h i s  discussion i s  not t h a t  a p a r t i c u l a r  

number of years  of severe drought i s  requi red  t o  draw t h e  

su r face  of t h e  l ake  t o  6376 f e e t ;  it is, r a t h e r ,  t h a t  i f  t h e  

lake  was a s  low i n  1857 a s  Lynch and Harding contend, t h e  

causa l  drought must have been of s u f f i c i e n t  s e v e r i t y  and 

dura t ion  t o  be evident  i n  t h e  h i s t o r i c  and t h e  

dendroclimatologic record.  The lack of evidence f o r  such a 

severe and prolonged drought underl ines  t h e  i m p l a u s i b i l i t y  of 



a n  1857 s u r f a c e  e l e v a t i o n  o f  6376 f e e t .  

Appendix B i n c l u d e s  g r a p h i c  and  t a b u l a r  d a t a  

d e m o n s t r a t i n g  t h e  r e l a t i o n s h i p  between San F r a n c i s c o  

p r e c i p i t a t i o n s  and t h e  measured f low o f  S i e r r a n  s t r e a m s  i n t o  

Mono ~ a k e ~  f o r  the  p e r i o d  1935-1964. (The l a t t e r  variable is  

a direct f u n c t i o n  o f  p r e c i p i t a t i o n  on the  S i e r r a n  s l o p e  of 

t h e  Mono B a s i n . )  The r e a s o n a b l y  h i g h  c o r r e l a t i o n  (r= .84) i s  
*'. 

t o  be expec ted ,  s i n c e  b o t h . S a n  F r a n c i s c o  and t h e  e a s t e r n  

s l o p e  of  t h e  c e n t r a l  S i e r r a . N e v a d a  r e c e i v e  t h e  g r e a t  b u l k  of 

t h e i r  p r e c i p i t a t i o n  from t h e  passage  of  t h e  s a m e  f r o n t a l  

d i s t u r b a n c e s .  ( T h i s  c o r r e l a t i o n ,  i n  f a c t ,  p r o b a b l y  

u n d e r e s t i m a t e s  t h e  u t i l i t y . o f  San F r a n c i s c o  p r e c i p i t a t i o n  as 

a n  i n d i c a t o r  o f  S i e r r a n  i n f l o w  t o  t h e  l a k e ,  s i n c e  groundwater  

r e c h a r g e  and d i s c h a r g e  t e n d  t o  moderate t h e  ex t remes  i n  

i n f l o w  t h a t  would b e  e x p e c t e d  i n  y e a r s  o f  p a r t i c u l a r l y  h i g h  

or  low p r e c i p i t a t i o n . )  The San F r a n c i s c o  p r e c i p i t a t i o n  

r e c o r d  can  t h e r e f o r e  b e  used  a s  a  s u r r o g a t e  t o  estimate i n  a 

g e n e r a l  and  q u a l i t a t i v e  way t h e  a n n u a l  i n f l o w  t o  Mono Lake. 

~t can b e  s e e n  i n  Appendix B t h a t  t h e  a v e r a g e  a n n u a l  

p r e c i p i t a t i o n  i n  San F r a n c i s c o  d u r i n g  t h e  y e a r s  1849-1857 

(22.92 i n . )  i s  g r e a t e r  t h a n  "normaln (1935-1964 = 20.66 i n . )  

f o r  t h a t  s t a t i o n .  It i s  s a f e  t o  assume, t h e r e f o r e ,  t h a t  

S i e r r a n  r u n o f f  i n t o  Mono Lake d u r i n g  t h a t  p e r i o d  must have 

been more t h a n  t h e  amount r e q u i r e d  t o  s u s t a i n  t h e  l a k e  a t  . 



6376 f e e t .  Thus, i f  t h e  lake d id  s tand  a t  6376 f e e t  i n  1857, 

it must have risen t o  t h a t  e l eva t ion  from an even lower l e v e l  

i n  1849--a l e v e l  which, i f  it exis ted ,  must have been brought 

about by a decades-long drought even more severe than t h a t  

which charac ter ized  t h e  D u s t  Bowl years .  There is  an 

important poin t  t o  be seen i n  t h i s  argument: t h e  f u r t h e r  

back i n  t ime one unsuccessfully seeks evidence of Lynch and 

Hardingls  p u t a t i v e  causal...drought, t h e  more severe and 

prolonged t h a t  drought m u s t  be t o  account f o r  t h e i r  proposed 

1857 su r face  e l eva t ion  of 6376 f e e t .  

No o f f i c i a l  p r e c i p i t a t i o n  records were kept i n  

Ca l i fo rn ia  p r i o r  t o  1849. The h i s t o r i c  record, however, 

makes it poss ib le  t o  cha rac te r i ze  i n  a genera l  way t h e  

c l imate  of t h e  previous decade. William Heath Davis (1967) 

wrote t h a t  t h e  winter of 1839-40 was "a severe one i n  

Ca l i fo rn ia  . . . [Rain] poured down f o r  f o r t y  days and f o r t y  

n i g h t s  with but l i t t l e  cessa t ion  . . . The whole country was 

flooded". Pioneer John S u t t e r  descr ibed t h e  Sacramento 

Valley during t h a t  winter a s  "one vas t  expanse of water 

[with] deer ,  e l k  and o the r  animals crowded toge the r  i n  l a r g e  

numbers on every l i t t l e  prominence t h a t  appeared above t h e  

water" (Davis, i b i d ) .  

Many accounts ind ica te  t h a t  t h e  winter  of 1840-41 was 

extremely dry  (Burcham, 1957).  The following winter,  

however, was again "severe" i n  i t s  wetness, according t o  



Davis (op c i t ) .  John Bidwell (1877; 1894) ,  whose d i a r y  

i n c l u d e s  a va luab le  account of  t h e  c l i m a t i c  cond i t i ons  of  t h e  

18401s,  no ted  t h a t  it was 'one of t h e  w e t t e s t  w in t e r s  . . . 
f u l l y  equa l  t o  t h e  w in t e r  of 1849-50." (The 1849-50 season 

saw ove r  160% of  normal p r e c i p i t a t i o n  f a l l  i n  San Francisco;  

s e e  Appendix B . )  

The w i n t e r  of  1842-43 brought "a moderate r a i n f a l l " ,  

accord ing  t o  Bidwell ,  whi1.e 1843-44 was 'almost r a i n l e s s .  . . 
wi th  t h e  except ion  of one good r a i n  i n  November o r  e a r l y  

December and a l i g h t  r a i n  i n  March".l0 

Bidwell  ( i b i d . )  no ted  t h a t  t h e  w in t e r  of 1844-45 brought 

l l cons iderab le  r a i n "  t o  c e n t r a l  C a l i f o r n i a .  Moses 

Scha l lenberger ,  a member of t h e  E l i s h a  Stevens  Overland P a r t y  

of 1844, became s e p a r a t e d  from h i s  fellow-immigrants and w a s  

f o r c e d  t o  spend t h a t  stormy season i n  t h e  S i e r r a  Nevada. H i s  

d i a r y  t e l l s  of  days on end of unceasing snowfa l l  

(Scha l lenberger  and S tewar t ,  1953) .  The win t e r  of  1845-46 

w a s  s a i d  by Bidwell  (op c i t  . ) t o  be "very w e t " ,  w i th  " f loods  

and inunda t ions" .  The season brought "an immense q u a n t i t y  of  

snow", according t o  S u t t e r  (1932) . 
The fo l lowing  win te r  (1846-47) may rank among t h e  

Bidwel l  (op c i t . ) ,  rece ived  "copious r a i n s " .  E a r l y  snows i n  

t h e  S i e r r a  Nevada t r apped  t h e  Donner P a r t y  nea r  t h e  crest o f  

t h e  range .  Over fou r  months of u n r e l e n t i n g  p r e c i p i t a t i o n  



f o i l e d  a l l  r e s c u e  a t t e m p t s  and l e d  t o  t h e  d e a t h s  o f  47 o f  t h e  

p a r t y ' s  87 members (S tewar t ,  1936) . 
Edwin Bryant  (1848) .wrote of  t h e  many heavy s t o r m s  t h a t  

drenched c e n t r a l  C a l i f o r n i a  d u r i n g  t h e  w i n t e r  of 1847-48. 

B i d w e l l ' s  accoun t  t e l l s  o f  "some e a r l y  r a i n s  . . . and  some 

good r a i n s  i n  March". The w i n t e r  o f  1848-49 was said by him 

t o  b e  "very  snowyw w i t h  " c o n s i d e r a b l e  r a i n w  (Bidwell ,  o p  

These h i s t o r i c  a c c o u n t s  s u g g e s t  t h a t  d u r i n g  t h e  p e r i o d  

1839-40 t o  1948-49 two w i n t e r s  ( ' 40 - '41  and '43-'44) were 

v e r y  d ry ,  two w i n t e r s  ( '42- '43  and '47- '48) were p e r h a p s  

modera te ly  w e t ,  and  t h e  p r e c i p i t a t i o n  was " c o n s i d e r a b l e "  t o  

"extreme" i n  s i x  o f  t h e  w i n t e r s .  While t h e s e  a c c o u n t s  are 

a d m i t t e d l y  s u b j e c t i v e ,  q u a l i t a t i v e ,  and o n l y  i n d i r e c t l y  

a p p l i c a b l e  t o  t h e  e a s t e r n  s i d e  of  t h e  c e n t r a l  S i e r r a  Nevada, 

t h e y  s t r o n g l y  s u g g e s t  t h a t  t h e  i n f l o w  t o  Mono Lake d u r i n g  t h e  

l a t e  1830s, and t h e  1840s was g r e a t e r  t h a n  t h a t  r e q u i r e d  t o  

s u s t a i n  t h e  l a k e  s u r f a c e  a t  a n  e l e v a t i o n  o f  6376 f e e t .  Thus, 

i f  Mono Lake d i d  s t a n d  a t  6376 f e e t  i n  1857, as Lynch a n d  

Harding contend,  it must have r i s e n  t o  t h a t  e l e v a t i o n  from a 

c o n s i d e r a b l y  lower  l e v e l  i n  1839. T h i s  would r e q u i r e  t h a t  

p r i o r  t o  1839 c e n t r a l  C a l i f o r n i a  would have e x p e r i e n c e d  a .  

decades-long d rough t  f a r  d r i e r  t h a n  t h a t  which c h a r a c t e r i z e d  

t h e  Dust Bowl y e a r s .  To t h e  c o n t r a r y ,  t h e  t r e e - r i n g  r e c o r d  

r e v e a l s  t h a t  t h e  Mono Basin d i d  n o t  e x p e r i e n c e  a d rough t  as 



seve re  and prolonged a s  t h a t  of 1925-1934 f o r  a t  least  150 

yea r s  p r i o r  t o  1857 .'' It  must be concluded, t h e r e f o r e ,  t h a t  
I 

a drought of  t h e  i n t e n s i t y  and d u r a t i o n  necessary  t o  account  

f o r  an 1857 s u r f a c e  e l e v a t i o n  of 6376 f e e t  d i d  no t  occur  

between t h e  y e a r s  1700 and 1857, and t h a t  t h e  1857 l a k e  l e v e l  

p o s t u l a t e d  by Lynch and Hdrding i s  c l i m a t i c a l l y  implaus ib le .  I 

m 
Car tographic  Evidence f o r  an 1857 Sur face  E leva t ion  

of 6407 (21) Fee t  

e a u .  The e a r l i e s t  known 

c a r t o g r a p h i c  d e p i c t i o n  of Mono Lake and i t s  i s l a n d s  appears  I 

on Eddy's " O f f i c i a l  Map of t h e  S t a t e  of Ca l i fo rn i a " ,  

pub l i shed  i n  1854." A p o r t i o n  of t h a t  map can be  seen on : D 

Figure  6a. That same crude view of t h e  l a k e  was pe rpe tua t ed  
I 

on M i t c h e l l ' s  map of 1856 (Figure  6b) (Wheat, 1960, p.49) . 
Mono Lake was drawn somewhat more a c c u r a t e l y  on Goddardls 

"Ca l i fo rn i a  S t a t e  Map of 1857" (F igure  6c) b i d . )  . F u r t h e r  

ref inement  i s  ev iden t  on t h e  1860 "Map of  t h e  Washoe Mining 

Distr ic t"  by Evans (Figure  6d) ( i b i d .  ) , and on Clay ton ' s  1 8 6 1  

"Map of  Esmeralda and Mono" (Figure  6 e ) .  The l a t t e r  

p r o j e c t i o n  can be considered t h e  f i r s t  a c c u r a t e  d e p i c t i o n  o f  

t h e  e n t i r e  l a k e  shore;  it inc ludes  t h e  western  p o r t i o n  of  

t h e  s h o r e l i n e  t h a t  von Schmidt d i d  not  meander, and shows t h e  

p r e c i s e  l o c a t i o n s  of a l l  t h e  major t r i b u t a r y  s t reams.  













I 

The s i g n i f i c a n c e  of t h e s e  f o u r  d i f f e r e n t  maps of Mono 

Lake, and of  o t h e r s  t o o  numerous t o  i nc lude  here1', i s  t h a t  
I 

t h e y  a l l  show t h a t  two i s l a n d s  e x i s t e d . i n  t h e  l a k e  du r ing  t h e  

yea r s  p r i o r  t o ,  co inc id ing  with,  and immediately fo l lowing  m 

t h e  von Schmidt survey.  The maps a l s o  i n d i c a t e  t h a t  t h e  

i s l a n d s  were f a r  from t h e ' l a k e  shore .  Wri t t en  accounts  o f  I 

t h e  Mono Basin from t h e  1850s a l s o  d e s c r i b e  t h e  l a k e ' s  two 
I 

i s lands .14  Indeed, von ~ c h m i d t  himself  wrote glowingly o f  t h e  

i s l a n d s  i n  1855, and r e f e r r e d  t o  them f r e q u e n t l y  i n  h i s  n o t e s  I 

of 1856 and '57.15 
I 

When t h e  s u r f a c e  of Mono Lake reaches  6376 f e e t  Negit  

I s l a n d  becomes connected t o  t h e  mainland by an isthmus, 
.-*- 

l e a v i n g  Mono Lake with  only  one major i s l a n d .  The fact  t h a t  

two l a r g e  i s l a n d s  e x i s t e d  du r ing  t h e  1850s, and t h a t  t h e s e  I 

i s l a n d s  were d i s t a n t  from t h e  s h o r e l i n e ,  can be taken  as 

evidence t h a t  t h e  s u r f a c e  of Mono Lake was fa r  above t h e  

6376-foot e l e v a t i o n  p o s t u l a t e d  by Lynch and Harding. Indeed, 

t h e  fo l lowing  a n a l y s i s  comparing more r e c e n t  maps wi th  t h e  

von Schmidt survey p l a t s  i n d i c a t e s  t h a t  t h e  l a k e  w a s  f u l l y  30 

f e e t  h ighe r  t han  t h e  Lynch-Harding f i g u r e .  

Because of  t h e  g e n t l e  g r a d i e n t s  of t h e  shore lands  surrounding 

much of  Mono Lake, a  r e l a t i v e l y  s l i g h t  r i s e  o r  f a l l  i n  

s u r f a c e  e l e v a t i o n  t r a n s l a t e s  t o  a cons ide rab le  h o r i z o n t a l  



displacement of the shoreline. In many locations within the 

elevation range 6400 to 6410 feet, a mere five-foot drop in 

lake level brings about a horizontal shoreline migration of a 

thousand feet or more. Shoreline position is thus a 

sensitive indicator of lake level; it can be used with 

considerable precision to"determine the 1857 surface 

elevation of the lake. 

Figure 7 illustrates'..'the relative positions of von 

Schmidt's 1857 meander line and the shoreline shown on the 

Cowt rack  Mountain (1962) Quadrangle. The meander line and 

the section grid were traced from portions of the appropriate 

survey plats, while the shoreline of 1962 was plotted by 

using a Focalmatic Desk Projector to enlarge the ~ w t l r a d s  

Mountain Quadrangle to the scale of the plats. I believe the 

shoreline and meander positions depicted on Figure 7, as well 

as on Figures 5, 9 and 10, are planimetrically accurate to 

within approximately 150 feet. Confidence in this method is 

reinforced by information obtainable from the topographic 

maps themselves. Note on Figures 3, 4, and 8 that the 

section lines on the USGS Bodie, Mountain, and ~ o n o  

quadrangles typically do not extend precisely to the 

lake margin, but rather stop short of, or extend beyond, the 

water's edge. This is because the section lines, which were 

established by von Schmidt in 1856-57, terminate where they 

intersect the shoreline that he meandered during those years. 





Figure 8 .  A por t ion  of  t h e  USGS Mono Craters Quadrangle of 

1953 ( l ake  l e v e l  6409 f e e t ) .  Note tha t  t h e  s e c t i o n  l i n e s  

terminate a t ,  or s l i g h t l y  beyond, t h e  shore l ine ,  suggest ing 

t h a t  Mono Lake s tood  a t ,  or s l i g h t l y  below, 6409 f e e t  a t  t h e  

t ime of t h e  cadastra l  survey.  



I 

Figure  7  shows c l e a r l y  t h a t  t h e  1857 meander l i n e  s t a n d s  

as much as 2100 f e e t  landward of  t h e  1962 l a k e  margin. (This  
I 

same conc lus ion  can be drawn by exaimining t h e  t e rmina t ion  

p o i n t s  of  t h e  s e c t i o n  l i n e s  shown on t h e  I 

Quadrangle i t s e l f - - s e e  Figure  3,.)  The e l e v a t i o n  of  t h e  l a k e  

i n  1962 was 6395 f e e t .  Based on t h i s  evidence it may be 

t e n t a t i v e l y  concluded t h a t  t h e  s h o r e l i n e  e l e v a t i o n  of  Mono 
,,. 

Lake i n  1857 was h igher  t h a n  6395 f e e t .  

Th i s  conc lus ion  can b e , c o n s i d e r e d  c o r r e c t  on ly  i f  t h e  

meander l i n e  mapped by von Schmidt c l o s e l y  co inc ided  wi th  t h e  

a c t u a l  1857 shore l ine- - tha t  i s ,  t h e  conclusion i s  c o r r e c t  I 

only i f  von Schmidt surveyed t h e  a c t u a l  s h o r e l i n e ,  r a t h e r  
.,- m 

t h a n  some a r b i t r a r y  l i n e  f a r t h e r  upslope.  I n  f a c t ,  t h e r e  is  

reason  t o  b e l i e v e  t h a t  any d i sc repanc ie s  between t h e  a c t u a l  
I 

and t h e  mapped s h o r e l i n e s  of 1857-a re  minor. Von Schmidt 's  

n o t e s  c o n s i s t e n t l y  r e f e r  t o  " s e t t i n g  cha r r ed  meander p o s t s  on 

. the edge of Mono Lake" (emphasis added) .  The s h o r e l i n e  

d e t a i l  e v i d e n t  on t h e  p l a t s  (e.g. see F igu re  5, Sec t ion  31, 

T3N R27E, and Sec t ions  2, 11, 20 and 21 of  T2N R26E) 

i n d i c a t e s  t h a t  von Schmidt d i d  indeed meander t h e  l a k e ' s  

edge, r a t h e r  t h a n  some more g e n e r a l i z e d  l i n e  f a r t h e r  upslope,  I 

I t  i s  a l s o  i n t e r e s t i n g  t o  no te  t h a t  a long  t h e  western  

, boundary of T1N R27E, von Schmidt found it necessary  t o  set  I 

t h e  meander p o s t  two cha ins  (132 f e e t )  s h o r t  of t h e  a c t u a l  
I 

s h o r e l i n e ,  and t h a t  along t h e  e a s t e r n  boundary o f  t h a t  same 



township he placed t h e  meander pos t  one chain, f i f t y  l i n k s  

(99 f e e t )  from shore.  I n  both cases  he s t a t e d  t h e  devia t ions  

i n  h i s  notes .  I t  may the re fo re  be consenrat ively assumed t h a t  

when von Schmidt set h i s  meander pos t s  f a r t h e r  than  98 f e e t  

from edgewater he s o  ind ica ted ' in  h i s  notes .  This 98 f e e t  - - 
seems i n s i g n i f i c a n t  when it is considered t h a t  i n  p laces  

t h e r e  i s  a 7,500-foot d i f f e rence  between t h e  p o s i t i o n  of t h e  

1857 meander l i n e  and t h e  p o s i t i o n  of t h e  shore l ine  

corresponding t o  t h e  lake  l e v e l  pos tu la ted  by Lynch and 

Harding. Given t h e  shore l ine  d e t a i l  t h a t  von Schmidt mapped, 

t h e  e x p l i c i t  wording of h i s  notes ,  and h i s  s ta tements  

concerning minor devia t ions  from t h e  l ake  margin, it cannot 

be accepted t h a t  von Schmidt meandered an imaginary l i n e  over 

7,500 f e e t  from t h e  a c t u a l  water ' s  edge. There can be l i t t l e  

doubt, then. t h a t  t h e  l ake  e l eva t ion  i n  1857 was over 6395 

f e e t  . 
(1958) 0 

Following t h e  procedure descr ibed above, t h e  shore l ine  shown 

on t h e  XxenLGa,u!QQ (1958) Quadrangle was p l o t t e d  onto a . 

t r a c e  of por t ions  of t h e  appropriate  survey p l a t s  (Figure 9 ) .  

The e leva t ion  of t h e  l ake  i n  1958 was 6,402 f e e t .  While t h e  

agreement between t h e  two l i n e s  i s  c lose ,  t h e  1857 

meander occupies a pos i t ion  upslope from t h e  1958 l ake  margin 

a t  6402 f e e t  along almost i t s  e n t i r e  length.  Only i n  

p o r t i o n s  of Sect ions 7 and 8 i n  T2N R28E. and over p a r t s  of 





Sections 34 and 35 in T3N R27E, is the opposite true. These 

local anomalies may reasonably be attributed to minor changes 

in the configuration of the lakeshore due to wind and wave 

action between 1857 and 1958. Evidence from the 

Quadrangle thus indicates that the lake elevation in 

1857 was above 6402 feet. 

uadranale. As the BodxG' [19581 O 
,.. 

previously described, Figure 5 illustrates the relative 

positions of the 1857 meander line and the 6402-foot 

shoreline depicted on the Bodie (1958) Quadrangle. The 

superposition of the 1857 shoreline is apparent along almost 

its entire length. (This superposition is also evident from 

the termination points of the section lines on the 

Quadrangle--see Figure 4.) The minor exceptions that exist 

in Sections 1, 6, 14 and 23 of T2N R26E are believed to be 

due to wave-induced modification of the unconsolidated beach 

sediments. The slight deviation in Section 20 is the result 

of progradation of Mill Creek. The gross anomaly in Section 

19 was discussed previously: the marked departure between 

the 1958 shoreline and the 1857 meander line in that section 

is believed to be the result of a fabrication by von Schmidt. 

A small firth and an adjacent pond can be seen on the 

Quadrangle northeast of Black Point in Section 11, T2N 

R26E (Figure 4 )  . Notice on Figure 4 that in 1958, when the 

lake surface stood at 6402 feet, the pond was separated from 



t h e  f i r t h  by a low b a r .  Von Schmidt 's  survey p l a t s  i n d i c a t e  

t h a t  i n  1857 t h e  b a r  e i t h e r  d i d  no t  e x i s t ,  or was submerged, 

and t h a t  t h e  pbnd composed a smal l  embayment i n  t h e  s h o r e l i n e  

of  Mono Lake. 

Harding (unpub.) d i s cus seg  t h e  f a c t  t h a t  von Schmidt ' s  

meander l i n e  e n c i r c l e d  t h e  pond i n  Sec t ion  11, b u t  he ignored 

t h e  obvious imp l i ca t ions  and chose i n s t e a d  t o  accep t  Lynch's 

p o s t u l a t e d  l a k e  e l eva t ion '  of 6376 f e e t .  A t  t h a t  e l e v a t i o n  

t h e  l a k e  margin would have s tood  more t h a n  one m i l e  from t h e  

pond i n  Sec t ion  11 (see  F igure  5 ) .  Su re ly  it is  unreasonable  

t o  assume t h a t  von Schmidt would have p a i n s t a k i n g l y  meandered 

t h e  i n t r i c a t e  d e t a i l  o f  t h e  embayment i n  Sec t ion  11 if t h e  

w a t e r ' s  edge had s tood  wel l  over  5000 f e e t  away. 

The r e l a t i o n s h i p  between t h e  meander l i n e  and t h e  

s h o r e l i n e  i n  t h e  a r e a  covered by t h e  W (1958) Quadrangle 

s u b s t a n t i a t e s  t h e  conclusion drawn from t h e  Trench Canvan 

(1958) Quadrangle t h a t  t h e  1857 s u r f a c e  e l e v a t i o n  of Mono 

Lake was g r e a t e r  t han  6402 f e e t .  

S i m i l a r  p l o t s  were drawn f o r  t h a t  p o r t i o n  of  t h e . l a k e  covered 

by t h e  ~ o n o  Craters (1953) Quadrangle (Figure  1 0 ) .  The 

e l e v a t i o n  o f  t h e  l a k e  s u r f a c e  i n  1953 was 6409 f e e t .  A c l o s e  

correspondence can be seen between t h e  p o s i t i o n  of t h e  1857 

meander l i n e  and t h e  l a k e  margin of 1953. The 1857 meander 

l i n e  l i e s  downslope from t h e  1953 s h o r e l i n e  a long most of i t s  





l e n g t h .  Only i n  Sec t ions  3, 4 ,  and 12 of T2N R26E do n o t a b l e  

excep t ions  e x i s t .  These depa r tu re s  a r e  due t o  p rograda t ion  

o f  t h e  d e l t a s  a t  t h e  mouths of  Rush and Lee Vining c reeks .  

From t h i s  evidence it i s  c l e a r  t h a t  t h e  e l e v a t i o n  of Mono 

Lake i n  1857 was l e s s  t han  6409 f e e t .  

v - of . I n  l i g h t  of t h e  

c a r t o g r a p h i c  evidence c i t e d  above t h e r e  can be l i t t l e  doubt 
'.. 

t h a t  i n  1857 t h e  s h o r e l i n e ' o f  Mono Lake s t o o d  somewhere 

between 6402 feet and 6409 f e e t  i n  e l e v a t i o n .  Three l i n e s  of 

reasoning  l e a d  t h i s  w r i t e r  t o  conclude t h a t  t h e  1857 s u r f a c e  

e l e v a t i o n  of  t h e  l a k e  was 6407 (+ 1) f e e t .  

F i r s t ,  i n  comparing F igures  4 ,  8  -and 9 it is  apparen t  

t h a t  i n  1857 t h e  s h o r e l i n e  s tood  c l o s e r  t o  6409 f e e t  t h a n  t o  

6402 f e e t .  I n  o t h e r  words, t h e  1857 s h o r e l i n e  e l e v a t i o n  

s t o o d  between 6405.5 f e e t  ( t h e  midpoint between 6402 and 

6409) and 6409 f e e t .  This  a l lows  an e s t i m a t e  of 6407.25 

(2.75) f e e t .  

Secondly, i n  1933 Lynch c a l c u l a t e d  t h e  a r e a  l y i n g  wi th in  

t h e  von Schmidt meander l i n e  t o  be  approximately 81.8 squa re  

m i l e s .  Based on modern s t a g e / a r e a  r e l a t i o n s h i p s ,  a s u r f a c e  

area of 81.8 square  mi l e s  corresponds t o  a s u r f a c e  e l e v a t i o n  

o f  6407 f e e t  ( s ee  Appendix A ) .  

Thi rd ly ,  an e l e v a t i o n  survey was conducted on J u l y  21, 

1979. On t h a t  day t h e  w r i t e r  l e v e l e d  from Benchmark 6656 



p r e v i o u s l y  d e s c r i b e d  lagoon i n  S e c t i o n  11 o f  t h e  same 

township .  The meander c o n f i g u r a t i o n  around t h e  lagoon and  

b a r  as d e p i c t e d  on t h e  von Schmidt p l a t  was matched i n  t h e  

f i e l d  w i t h  t h e  l o c a l  topography.  I t  w a s  found tha t  the  

meander l i n e  i n  t h a t  a r e a ,  s t a n d s  a t  approx imate ly  6407 feet . .  

Allowing one f o o t  f o r  e r r o r ,  it i s  concluded t h a t  i n  1857 t h e  

e l e v a t i o n  of  Mono Lake was , - .  6407 (21) f e e t  above sea l e v e l .  

F l u c t u a t i o n s  i n  l a k e  l e v e l ,  1857-1866 

Not u n t i l  1883 can a  s u r f a c e  e l e v a t i o n  f o r  Mono Lake be 

e s t a b l i s h e d  w i t h  a b s o l u t e  s u r e t y .  On November 5 t h  of t h a t  

y e a r  W.D. Johnson, topographer  f o r  I s r a e l  Cook R u s s e l l ,  

c h i s e l e d  a n  i n v e r t e d  T a t  w a t e r l i n e  on t h e  sou thwes te rn  t i p  

of Neg i t  I s l a n d .  That  mark w a s  l a t e r  l o c a t e d  a n d  found t o  

l i e  a t  a n  e l e v a t i o n  of 6410.38 feet  (Harding, unpub.) . 1 6  

Using t h e  San F r a n c i s c o  p r e c i p i t a t i o n  r e c o r d  and  t h e  

g u i d e l i n e s ,  Lynch and Harding s p e c u l a t e d  on t h e  rate o f  l a k e  

rise from t h e i r  p o s t u l a t e d  1857 l e v e l  o f  6376 feet  t o  t h e  

known 1883 l a k e  e l e v a t i o n . = '  F i g u r e  11 is a hydrograph 

i l l u s t r a t i n g  t h e  f l u c t u a t i o n s  i n  l a k e  l e v e l  proposed by Lynch 
b 

and. Harding f o r  t h e  p e r i o d  1857-1883. 
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None of  t h e  h i s t o r i c a l  accounts  c i t e d  by Lynch and 

Harding d i r e c t l y  addresses  t h e  ques t ion  of  t h e  1857 s u r f a c e  

e l e v a t i o n  of Mono Lake. The apparent  e f f e c t  of  n o t i n g  such 

accounts ,  however, is t o  add credence t o  t h e i r  p o s t u l a t e d  

1857 l a k e  l e v e l .  I n  a c t u a l i t y , ' t h e  h i s t o r i c a l  record  i s  

c o n s i s t e n t  w i th  an  1857 s u r f a c e  e l e v a t i o n  of 6407 (21) feet, 

and g r o s s l y  c o n t r a d i c t s  t h e  I .. 6376-foot f i g u r e  o f  Lynch and 

Harding . 
The purpose of t h e  paragraphs t h a t  fo l low is  t o  p o i n t  up 

t h e  ways i n  which Lynch and Harding m i s i n t e r p r e t e d  t h e  

h i s t o r i c  record  t o  co r robora t e  t h e i r  proposed 1857 l a k e .  

e l e v a t i o n ,  and, i n  l i g h t  of t h e  c o r r e c t e d  1857 l a k e  l e v e l ,  t o  

r e e v a l u a t e  t h e  l a k e  f l u c t u a t i o n s  t h a t  occur red  between t h a t  

yea r  and 1883. It  is  r e a d i l y  admit ted t h a t ,  i n  t h e  absence 

o f  a c t u a l  in f low and evapora t ion  da t a ,  it i s  impossible  t o  

know t h e  p r e c i s e  p a t t e r n  of l a k e  behavior  dur ing  t h e s e  yea r s .  

It i s  s a f e  t o  assume, however, t h a t  t h e  l a k e  r o s e  i n  yea r s  of 

abnormally h igh  runoff  (determined from t h e  San Franc isco  

p r e c i p i t a t i o n  r e c o r d ) ,  and t h a t  it dropped when runoff  was 

abnormally low.18 This  informat ion,  i n  combination wi th  

h i s t o r i c a l  accounts ,  can be used t o  produce a reasonable  

i n t e r p o l a t i o n  of  t h e  f l u c t u a t i o n s  i n  l a k e  l e v e l  t h a t  occur red  

between 1857 and 1883. 

Severa l . accounts  Cast l i g h t  on t h e  n a t u r e  of t h e  changes 

i n  l a k e  l e v e l  t h a t  occurred between 1857 and 1866. These, 



- 
t o g e t h e r  w i t h  t h e  extremes of t h e  San Franc isco  p r e c i p i t a t i o n  

record ,  sugges t  t h e  fol lowing sequence of  even t s :  a drop i n  -a 

lake l e v e l  between 1857 and 1861; a marked rise i n  1862; 

and a l a k e  d e c l i n e  i n  1863-66: 
1 

Two l i n e s  of  evidence can -be  c i t e d  i n  suppor t  of  t h e  - - 
proposed d e c l i n e  i n  l a k e  l e v e l  between 1857 and 1861. The 

first i s  a b r i e f  account w r i t t e n  by an anonymous 
,,. 

correspondent  from t h e  min'ing town of Monoville i n  October of 

1859. H e  no ted  t h a t  "those'  who have known t h i s  body of  water L 

[Mono Lake] f o r  a few y e a r s  p a s t  have observed i t s  gradua l  
I 

d e c l i n e .  . ." (Lynch, 1933) .  Secondly, a s t o n e  founda t ion  

b e l i e v e d  t o  be t h e  remains, of  a cab in  b u i l t  on t h e  no r the rn  - 
m 

side of  Negit  I s l a n d  i n  1861 (Russe l l ,  1889) was found t o  

have a b a s a l  e l e v a t i o n  of 6406 f e e t ,  i n d i c a t i n g  t h a t  t h e  l a k e  - 
s t o o d  below t h a t  e l e v a t i o n  a t  t h e  t ime  of c o n s t r u ~ t i o n . ~ ~  San 

m Franc i sco  r e c e i v e d  approximately average p r e c i p i t a t i o n  

(normal p e r i o d  = 1935-1964) between 1857 and 1861, a f a c t  
.I 

t h a t  a rgues  a g a i n s t  a r a d i c a l  d rop  i n  l a k e  l e v e l  du r ing  t h o s e  

y e a r s .  It i s  n o t  unreasonable  t o  suppose t h a t  between 1857 
I 

and 1861 t h e  l a k e  dec l ined  approximately 3 f e e t ,  t o  a n  

e l e v a t i o n  of  around 6404 f e e t .  

The 1861-62 season is  t h e  w e t t e s t  on r eco rd  i n  c e n t r a l  

C a l i f o r n i a .  San Franc isco  r ece ived  more than  tw ice  i t s  

average  p r e c i p i t a t i o n .  In t ense  and prolonged f lood ing  ' 

occur red  i n  t h e  Cen t r a l  Val ley a s  we l l  as i n  t h e  mining 



d i s t r i c t s  e a s t  of t h e  S i e r r a  Nevada (S t ine ,  unpub.). Owens 

Lake, 100 mi l e s  sou th  of  t h e  Mono Basin, i s  s a i d  t o  have 

r i s e n  12 f e e t  (Lynch, 1933) .  Mono Lake undoubtedly r o s e  as 

w e l l ,  perhaps  more than  s i x  f e e t .  A reasonable  e s t i m a t e  of  

t h e  1862 l a k e  e l e v a t i o n  might 6 e  6410-6411 f e e t  ( see  

d i scuss ion  below) . 
During t h e  fol lowing two seasons  (1862-63 and 1863-64) 

c e n t r a l  C a l i f o r n i a  expei ienced drought cond i t i ons  s e v e r e  

enough t o  h e l p  p u t  an end t o  t h e  booming C a l i f o r n i a  ca t t le  

i n d u s t r y  (Cleland,  1951) .  San Franc isco  r ec i eved  66% of  

normal p r e c i p i t a t i o n  i n  t h e  f i r s t  of t h e s e  dry  years ,  and 

on ly  49% i n  t h e  second. Mono Lake undoubtedly d e c l i n e d  

du r ing  t h e s e  two years ,  perhaps reaching an e l e v a t i o n  o f  

around 6409 f e e t  i n  1863, and 6408 f e e t  by t h e  l a te  summer of 

1864. 

Accounts w r i t t e n  by Jos i ah  Whitney, ch i e f  of t h e  

Geological  Survey of Ca l i fo rn i a ,  and h i s  b o t a n i s t  W i l l i a m  

Henry Brewer, co r robora t e  wi th in  broad l i m i t s  t h e  l a k e  

e l e v a t i o n  of  6410 f e e t  proposed he re  f o r  t h e  year '  1863, and 

g r o s s l y  c o n t r a d i c t  t h e  1863 e l e v a t i o n  p o s t u l a t e d  by Lynch and 

Harding. Whitney r epo r t ed  t h a t  i n  e a r l y  J u l y  o f  t h a t  year,  

when t h e  p a r t y  v i s i t e d  Mono Lake, t h e y  measured "a ve ry  

d i s t i n c t  t e r r a c e  385 f e e t  above t h e  water", and t h a t  t h e y  

found " the  h ighes t  w e l l  de f ined  one 680 f e e t  above t h e  

p r e s e n t  s u r f a c e  of  t h e  lake"  (Whitney, 1865) .  Brewer 



l i k e w i s e  r e p o r t e d  t h e  l a t t e r  f i g u r e .  These measurements were 

t a k e n  a l o n g  t h e  n o r t h e r n  s h o r e  of  t h e  l a k e ,  between Black 

P o i n t  and Trench Canyon (Farquhar ,  1949) . When R u s s e l l  - 
s t u d i e d  t h e  l a k e  i n  1883 he  found t h e  h i g h  t e r r a c e  i n  t h a t  

v i c i n i t y  t o  l i e  between 670 and 685 f e e t  above l a k e  l e v e l  . 

( R u s s e l l ,  op  c i t . ) ,  t h e  v a r i a t i o n  b e i n g  a  r e s u l t  of t e c t o n i c  

warp ing .  The s u r f a c e  e l e v a t i o n  of t h e  l a k e  i n  1883 i s  known 
,-. 

t o  have  been 6410 fee t . '  I t  f o l l o w s  t h a t  a t  t h e  t i m e  of t h e  

Whitney-Brewer v i s i t  t h e  l a k e  s u r f a c e  s t o o d  between 6405 feet 

and  6420 f e e t ,  a n  e l e v a t i o n  range  w e l l  i n  keep ing  w i t h  t h e  

6410-foot f i g u r e  proposed h e r e .  I t  goes  wi thou t  s a y i n g  t h a t  

i n  t h e  s i x  y e a r s  f o l l o w i n g  1857 t h e  l a k e  c o u l d  n o t  have r i s e n  

from t h e  l e v e l  proposed by Lynch and Harding (6376 f e e t )  t o  

even t h e  lowes t  o f  t h o s e  e l e v a t i o n s .  

Harding,  i n  a t t e m p t i n g  t o  demons t ra te  a n  1863 l a k e  

e l e v a t i o n  o f  a b o u t  6384 feet ( s e e  F i g u r e  l l) ,  p l a y s  down t h e  

s i g n i f i c a n c e  of t h e  Whitney-Brewer a c c o u n t s .  H i s  s t a t e m e n t  

i n  t h a t  r e g a r d  i s  b a s e l e s s :  "Whitney's  r e p o r t  s u p p o r t s  a 

c o n c l u s i o n  t h a t  Mono Lake was n o t  above 6410 f e e t  i n  t h e  

e a r l y  1 8 6 0 1 s ,  b u t  does  n o t  d e f i n e  how much lower  it may have  

been" (Harding,  1 9 6 5 ) .  

F u r t h e r  c o r r o b o r a t i o n  f o r  an  1863 l a k e  l e v e l  of a round 

6410 f e e t  i s  found i n  t h e  Appendix t o  t h e  C a l i f o r n i a  

~ e g i s l a t i v e  Journa l  (1863-641, w r i t t e n  by S t a t e  Surveyor  

G e n e r a l  John Kidder .  During h i s  v i s i t  t o  Negi t  I s l a n d  i n  



1863, Kidder found a "water l i n e  . . . marked a t  about 22 

f e e t  above t h e  lake1'. Twenty years  l a t e r  I s r a e l  Russel l  

would l ikewise descr ibe a "water l i n e "  on Negit Is land:  

"A t h i n  coat ing of calcareous t u f a  occurs about [ the  
i s l a n d ' s ]  base, and sheaths  t h e  rocks up t o  a height  of 
about twenty f e e t  above t h e  present  lake surface."  (Note 
t h a t  t h i s  same l i n e  p e r s i s t s  today on Negit I s l and  a t  an 
e levat ion  of approximately 6430 f e e t . )  

While t h e  na ture  of t h e  Kidder 's  "water l i n e "  i s  not  made 
I . .  

c l e a r  i n  h i s  account, it iS reasonable t o  assume t h a t  it i s  

t h e  same l i n e  described by Russel l .  Thus, Kidder 's  account, 

too,  suggests  t h a t  t h e  e levat ion  of t h e  Mono shore l ine  i n  

1863 was c lose  t o  t h a t  of 1883 (6410 f e e t ) .  

The 1864-65 season w a s . s l i g h t l y  wet te r  than normal i n  San 

Francisco. It  i s  probable, however, t h a t  because of 

groundwater recharge r e l a t e d  t o  t h e  marked drought of t h e  

previous two years  t h e  lake continued i t s  downward t rend.  

This judgment i s  based on known da ta  from t h e  years  1932-35, 

when t h e  occurrence of an above-normal runoff year  (1935) 

f a i l e d  t o  h a l t  t h e  dec l ine  i n  lake l e v e l  brought about by t h e  

preceding dry  years .  The 1865-66 season brought average 

p r e c i p i t a t i o n  t o  San Francisco, perhaps s t a b l i z i n g  t h e  lake 

sur face .  I t  i s  suggested t h a t  by t h e  l a t e  summer of 1866 t h e  

sur face  of Mono Lake stood a t  approximately 6407 f e e t .  

The l ake  f l u c t u a t i o n s  proposed here f o r  t h e  per iod  

1857-1866 a r e  graphed a s  a l i n e  l ab led  Segment A on Figure 

1 2 .  The 1857 l ake  l e v e l  may be considered accura te  t o  within 



I 

21 f o o t .  The l i n e  i t s e l f  should be considered l e s s  accurate ,  

perhaps t o  within f2  f e e t .  I 

Fluctua t ions  i n  lake level--1867-1870 

In March of 1867, p r i o r  t o  t h e  runoff season, a  United , 

S t a t e s  Survey Corps headed by Clarence King passed through 

t h e  Mono Basin en route  t o  i t s  now-renowned "Exploration of 

t h e  F o r t i e t h  P a r a l l e l "  Wing, 1878).  Among t h e  members of 

t h e  corps was veteran Civil .War photographer Timothy 

OvSull ivan,  who took photographs of Paoha I s l and  and Panum 

Dome (northernmost of t h e  Mono "Cra te r sv t ) .  This l a t t e r  photo 

encompasses a  view of t h e  southwestern.margin of t h e  l ake  

s t r e t c h i n g  from Horse Creek Embayment t o  t h e  Lee Vining Creek 

d e l t a .  It  i s  included here a s  Photo 3 .  A s i m i l a r  photograph, 

taken by I s r a e l  Russel l  i n  1883 when t h e  lake  s tood a t  an 

e l eva t ion  of 6410 f e e t ,  i s  shown on Photo 4 .  While t h e  

r e s o l u t i o n  of t h e  Russel l  and OISull ivan photographs i s  l e s s  
i l l  

than  p e r f e c t ,  and while t h e  d i s t ance  between t h e  camera and 

t h e  l ake  margin i s  such t h a t  a  p r e c i s e  assessment of l ake  

e l e v a t i o n  i s  precluded, it can be seen t h a t  t h e  shore l ine  i n  

t h e  v i c i n i t y  of t h e  Horse Creek Embayment and t h e  Lee Vining 

Creek d e l t a  appears t o  stand a t  v i r t u a l l y  t h e  same p o s i t i o n  

i n  both views. Comparison of these  two photos with o t h e r s  

taken i n  January of 1986 (Photos Sa ,b ,c ) ,  when t h e  l ake  s tood 

a t  6378 f e e t ,  r evea l s  a  s t r i k i n g  d i f f e r e n c e  i n  t h e  p o s i t i o n  
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o f  t h e  l a k e  margin.  The 6378-foot f i g u r e  is  o f  impor tance  

because  it i s  t h a t  e l e v a t i o n  which Lynch a s s i g n s  t o  t h e  l a k e  

f o r  1867, t h e  y e a r  i n  which O 1 S u l l i v a n  t o o k  t h e  photograph.  

T h i s  p h o t o  comparison i n d i c a t e s  t h a t  i n  1867 t h e  l a k e  was f a r  

h i g h e r  t h a n  t h e  l e v e l  p r o p o s e d r b y  Lynch, and s u g g e s t s  t h a t  it 

s t o o d  a t ,  o r  a t  l e a s t  c l o s e  t o ,  t h e  1883 l a k e  e l e v a t i o n  o f  

6410 fee t .  
I .. 

San F r a n c i s c o  r e c e i v e d  167% o f  normal p r e c i p i t a t i o n  

d u r i n g  t h e  1866-67 season,  s u g g e s t i n g  t h a t  d u r i n g  t h e  months 

f o l l o w i n g  King ' s  t o u r  o f  t h e  Mono Basin  t h e  l a k e  r o s e  

markedly.  The r ise  l i k e l y  c o n t i n u e d  i n  1867-68, a y e a r  i n  

which San F r a n c i s c o  r e c e i v e d  188% o f  normal r a i n f a l l ,  and  

p e r h a p s  i n  1868-69, when San F r a n c i s c o  p r e c i p i t a t i o n  was 

s l i g h t l y  g r e a t e r  t h a n  normal.  I t  i s  s u g g e s t e d  h e r e  t h a t  

between 1866 and  1869 t h e  l a k e  r o s e  s i x  feet,  t o  a n  e l e v a t i o n  

o f  a p p r o x i m a t e l y  6413 f e e t .  

T h i s  s i x - f o o t  r ise i n  l a k e  l e v e l  proposed h e r e  i s  

a t t e s t e d  i n  t h e  Proceedinasf t he  C a l i f b r n i a y  ~ 
(1873, p .  8 9 ) .  According t o  t h a t  document P r o f e s s o r  

Henry N i c h o l a s  Bolander  a d d r e s s e d  t h e  Academy in.December of 

1869 on t h e  s u b j e c t  of  " t h e  r e c e n t  r ise o f  6 feet  i n  t h e  

l e v e l  o f  Mono Lake, s a i d  t o  be accompanied by a f r e s h e n i n g  of 

t h e  w a t e r s  and t h e  d i sappearance  of  t h e  dense  c l o u d s  o f  

f l i e s ,  of which t h e  l a r v e  were f o r m e r l y  abundant  i n  t h e  

l a k e . "  E i g h t e e n  s e v e n t y  was a  y e a r  o f  s l i g h t l y  below-normal 



p r e c i p i t a t i o n  i n  San F r a n c i s c o ,  and t h e  l a k e  may have f a l l e n  

s l i g h t l y ,  pe rhaps  t o  an  e l e v a t i o n  o f  6412 f e e t .  The 

f l u c t u a t i o n s  i n  l a k e  l e v e l  proposed h e r e  f o r  t h e  p e r i o d  

1867-1870 a r e  graphed a s  Segment B  on F i g u r e  12 .  

F l u c t u a t i o n s  i n  l a k e  level--1871-1883 

Beginning i n  1871 San E'rancisco exper ienced  e i g h t  y e a r s  
'.. 

i n  which a n n u a l  r a i n f a l l  ' a l t e r n a t e d  from d r i e r ,  t o  wetter, 

t h a n  normal .  ( Indeed,  w i t h  t h e  e x c e p t i o n  of 1875, t h i s  series 

o f  y e a r s  was c h a r a c t e r i z e d  by c o n d i t i o n s  s i g n i f i c a n t l y  dr ier  

o r  w e t t e r  t h a n  normal .)  With l i t t l e  h i s t o r i c a l  gu idance  

a v a i l a b l e ,  I s u g g e s t  t h a t  t h e  l a k e  f l u c t u a t e d  between 

e l e v a t i o n s  of  roughly  6410 f e e t  and 6412 f e e t  d u r i n g  t h i s  

e i g h t - y e a r  p e r i o d .  

I t  i s  i n t e r e s t i n g  t o  compare - the  l a k e  f l u c t u a t i o n s  

p roposed  h e r e  f o r  t h e  e a r l y  and mid-1870s (see F i g u r e  1 2 )  

w i t h  t h o s e  p o s t u l a t e d  by Lynch and Harding ( F i g u r e  11). Both 

Lynch and  Harding show t h e  l a k e  r i s i n g  s t e e p l y  d u r i n g  t h e  

e a r l y  and  mid-1870s, a c o n c l u s i o n  t h e y  drew from t h e  w r i t i n g s  

o f  g e o l o g i s t  Joseph LeConte. While s t u d y i n g  t h e . v o l c a n i c  

f e a t u r e s  o f  t h e  Mono Bas in  i n  1875 LeConte (1879) n o t e d  t h a t  

" r e s i d e n t s  abou t  t h e  l a k e  s t a t e  t h a t  t h e  w a t e r s  have  r i s e n  

t e n  t o  t w e l v e  feet i n  t e n  o r  f i f t e e n  yea r s" .  Israel R u s s e l l  

(op c i t . )  warned o f  t a k i n g  such h e a r s a y  e v i d e n c e  l i t e r a l l y ,  

c o n s i d e r i n g  it t o  b e  "of l i t t l e  more t h a n  q u a l i t a t i v e  va lue" .  



* 
I t  might be added t h a t  word-of-mouth evidence is p a r t i c u l a r l y  

suspec t  when it concerns a  t r a n s g r e s s i o n  of  Mono Lake, s i n c e  
I 

a rise i n  t h e  l a k e  s u r f a c e  not  only submerges r e f e r e n c e  marks 

used t o  judge changes i n  e l e v a t i o n ,  b u t  r e s u l t s  i n  g r o s s  - 
s h i f t s  i n  s h o r e l i n e  p o s i t i o n  (over a  thousand f e e t  p e r  

f i v e - f o o t  r i s e ,  i n  many p l a c e s ) ,  t h u s  making a c c u r a t e  

de te rmina t ion  o f  l a k e  f l u c t u a t i o n s  extremely d i f f i c u l t  i n  t h e  
I -. m 

absence of  an a c t u a l  e l e v a t i o n  survey.  R u s s e l l  (op c i t . )  

ques t ioned  t h e  c la ims  of t h e  r e s i d e n t s ,  and concluded t h a t  I 

t h e  a v a i l a b l e  p h y s i c a l  evidence suggested t h a t  between t h e  

e a r l y  1860 's  and 1883 a  r i s e  i n  l a k e  l e v e l  on t h e  o r d e r  o f  I 

f i v e  o r  s i x  f e e t  had t aken .  p l a c e  (Russe l l ,  op c i t .  ) . Lynch 
+ -  - 

and Harding e i t h e r  overlooked o r  d i s regarded  R u s s e l l l s  

cau t ion ,  a s  w e l l  as h i s  assessment of l a k e  l e v e l  change 
I 

dur ing  t h e  decades preceding 1883, 

During h i s  s t a y  i n  t h e  Mono Basin LeConte a l s o  r e p o r t e d  - 
f i n d i n g  "o ld  f ences  of sheep c o r r a l s  and o l d  t r a i l s  submerged 

I many f e e t  deep. While v i s i t i n g  [Paoha] i s l a n d  I found t h e  
. , vege ta t ion .  . . A r t e m  and . . . Sarcabatus * 

Yermiculatus submerged i n  f i v e  f e e t  o f  wate r  a n d . o f  cou r se  

k i l l e d . "  Based on t h i s  passage Lynch (1948) p l aced  a l i n e  

("LeContets  sagebrush l i n e " )  a t  e l e v a t i o n  6390 f e e t  on h i s  

l a k e  l e v e l  curve .  The presence of t h i s  l i n e  has  t h e  e f f e c t  

of  adding credence t o  h i s  curve,  l e a d i n g  many workers 

( i nc lud ing  Harding) t o  conclude t h a t  Lynch p l o t t e d  h i s  l a k e  



l e v e l s  for  t h e  e a r l y  and mid-1870s i n  r e l a t i o n  t o  a r e f e r e n c e  

l i n e  of known e l e v a t i o n .  I n  f a c t ,  however, t h e  o p p o s i t e  i s  

t r u e :  Lynch p l o t t e d  t h e  e l e v a t i o n  of  t h e  sagebrush  l i n e  i n  

r e l a t i o n  t o  l a k e  l e v e l s  t h a t  he assumed t o  b e  c o r r e c t .  That  

l i n e  adds  n o t h i n g  t o  h i s  l a k e  l e v e l  cu rve  b u t  a f a l s e  s e n s e  

o f  v e r i s i m i l i t u d e .  c i r c u l a r  r e a s o n i n g  such  as t h i s  pe rvades  

t h e  Lynch and Harding assessments  o f  t h e  e a r l y  h i s t o r i c  

f l u c t u a t i o n s  of  Mono ~ a k e : .  

The criticisms o f  Lynch and Harding mentioned above must 

n o t  be c o n s t r u e d  a s  o u t r i g h t  r e j e c t i o n  o f  t h e  q u a l i t a t i v e  

v a l u e  o f  LeConte ' s  accoun t .  I t  i s  r e a s o n a b l e  t h a t  d u r i n g  t h e  

" t e n  o r  f i f t e e n  y e a r s "  mentioned by LeConte t h e  l a k e  did r ise  

as much a s  e i g h t  feet--from around 6404 f e e t  i n  1861, t o  6412 

f e e t  by 1874.  T h i s  e i g h t - f o o t  r ise i n  l a k e  l e v e l  would have 

c a u s e d  a  s h i f t  i n  s h o r e l i n e  p o s i t i o n  o f  w e l l  o v e r  1000 feet  

i n  p l a c e s .  C o r r a l s  and f e n c e s  b u i l t  f a r  from t h e  w a t e r ' s  

edge i n  t h e  l a t e  1850s and e a r l y  1860s would have  been 

i n u n d a t e d  by t h e  l a k e  beg inn ing  i n  1862. 

The y e a r s  1878, ' 7 9 ,  '80, and ' 8 1  w e r e  a l l  s i g n i f i c a n t l y  

wetter t h a n  normal i n  San F r a n c i s c o ,  s u g g e s t i n g  t h a t  Mono 

Lake r o s e  d u r i n g  t h a t  p e r i o d ,  pe rhaps  t o  a n  e l e v a t i o n  of 

a round  6413 fee t .  The f o l l o w i n g  two y e a r s  were r e l a t i v e l y  

d r y ,  f o r c i n g  a  d e c l i n e  of t h e  l a k e  s u r f a c e  t o  6410.38 f e e t  i n  

November o f  1883, when Johnson marked t h e  wa te r  l i n e  on Negi t  

I s l a n d .  



The f l u c t u a t i o n s  i n  l a k e  l e v e l  proposed h e r e  f o r  t h e  

p e r i o d  1871-1883 a r e  graphed a s  Segment C on F i g u r e  1 2 .  It 

s h o u l d  be  s t r e s s e d  a g a i n  t h a t ,  because  o f  a l a c k  o f  a c c u r a t e  

i n f l o w  and e v a p o r a t i o n  d a t a ,  t h e  a c t u a l  changes i n  l a k e  l e v e l  

t h a t  o c c u r r e d  between 1858 and-1882 canno t  b e  o b j e c t i v e l y  , 

e s t i m a t e d ;  t h e  l i n e  shown on F i g u r e  11 i s  s imply  a n  e s t i m a t e  

b a s e d  on t h e  h i s t o r i c  r e c o r d ,  and on r a i n f a l l  d a t a  f rom San 
I . .  

F r a n c i s c o .  

I n c o n s i s t e n c i e s  and C o n t r a d i c t i o n s  i n  t h e  
I Lynch and Harding Curves 

I n  l i g h t  o f  t h e  d i s c u s s i o n  above it i s  w e l l  t o  c o n s i d e r  -- 
li 

t h e  c l i m a t i c  p l a u s i b i l i t y  o f  t h e  l a k e  f l u c t u a t i o n s  p roposed  

by Lynch and  Harding f o r  t h e  p e r i o d  1857-1883. The rises and  
II 

f a l l s  i n  Lynch 's  cu rve  ( F i g u r e  13) g e n e r a l l y  a g r e e  i n  t r e n d  

b u t  n o t  i n  magnitude w i t h  t h o s e  proposed i n  t h i s  r e p o r t .  

Lynch 's  l i n e  r e f l e c t s  t h e  d r o p s  i n  l a k e  l e v e l  t h a t ,  b a s e d  on 

t h e  h i s t o r i c  and p r e c i p i t a t i o n  r e c o r d s ,  must be e x p e c t e d  t o  

have  o c c u r r e d  d u r i n g  t h e  y e a r s  1857-61, 1863 and  '64, and 

1871.  Y e t  i n  a l l o w i n g  f o r  t h e s e  l a k e  r e c e s s i o n s ,  it was 

n e c e s s a r y  f o r  him t o  compensate by p r o p o s i n g  rises t h a t  are 

i m p o s s i b l y  s t e e p .  H i s  8-foot  r ise shown f o r  t h e  s i n g l e  w e t  

y e a r  of 1869, f o r  i n s t a n c e ,  r e p r e s e n t s  a  jump even more 

e x t r e m e  t h a n  t h a t  proposed f o r  t h e  c o n s i d e r a b l y  wetter year 

of 1861-62. Lynch shows s e v e r a l  s i m i l a r l y  u n j u s t i f i a b l e  



1870 
Year 



r i s e s  between 1871 and 1880. 

Pe rhaps  r e a l i z i n g  t h e  d i s c o r d a n c e  between t h e  s t e e p  

r i s e s  i n  Lynch 's  cu rve  and t h e  a v a i l a b l e  c l i m a t i c  d a t a ,  

Harding f l a t t e n e d  t h e  rises i n  h i s  own c u r v e  by n o t  a l l o w i n g  

f o r  t h e  d e c l i n e s  i n  l a k e  l e v e 1 , t h a t  must b e  e x p e c t e d  t o  have 

o c c u r r e d  d u r i n g  t h e  r e l a t i v e l y  d r y  y e a r s .  H e  a c t u a l l y  shows 

a s u b s t a n t i a l  r i s e  i n  l a k e  l e v e l  i n  1862-64 and 1877--years 

i n  which San F r a n c i s c o  measured o n l y  abou t  h a l f  o f  i t s  

long-term a v e r a g e  p r e c i p i t a t i o n - - a s  w e l l  a s  i n  1871, '73, 

'82, a n d  '83, when p r e c i p i t a t i o n  i n  San F r a n c i s c o  was below 

78% o f  normal .  I n  s h o r t ,  any a t t e m p t  t o  connect  a n  1857 l a k e  

e l e v a t i o n  of 6376 f e e t  w i t h  t h e  known 1883  e l e v a t i o n  o f  6410 

f e e t  r e q u i r e s  e i t h e r  t h a t  t h e  r i s e s  b e  u n t e n a b l y  s t e e p ,  or  

t h a t  t h e  e x p e c t e d  d e c l i n e s  b e  ignored .  A 34-foot  n e t  rise i n  

l a k e  l e v e l  between 1857 and 1883 s imply  canno t  be r e c o n c i l e d  

w i t h  t h e  a v a i l a b l e  c l i m a t i c  and h i s t o r i c  r e c o r d s .  

Any e f f o r t  t o  e s t i m a t e  t h e  s u r f a c e  f l u c t u a t i o n s  of Mono 

Lake for  t h e  p e r i o d  1883-1912 is  h i n d e r e d  by t h e  same absence  

of i n f l o w  a n d  e v a p o r a t i o n  d a t a  t h a t  c h a r a c t e r i z e s  t h e  p e r i o d  

1857-1883. It  i s  known t h a t  t h e  l a k e  s u r f a c e  r o s e  from 6410 

feet  i n  1883 t o  6417 f e e t  i n  1898 (Harding,  unpub.) ,  and  t h a t  

it s t o o d  a t  6423.77 f e e t  on June  15,  1912, when l a k e  l e v e l  



f l u c t u a t i o n s  began t o  be monitored.  Based p r i m a r i l y  on 

p r e c i p i t a t i o n  d a t a  from c e n t r a l  C a l i f o r n i a ,  Lynch and Harding 

e s t i m a t e d  t h e  f l u c t u a t i o n s  i n  l a k e  l e v e l  t h a t  o c c u r r e d  

between t h e s e  p o i n t s  of  known e l e v a t i o n .  

With no  c o n t r o v e r s y  su r round ing  t h e  e l e v a t i o n  of t h e  

end-po in t s  of t h i s  segment of  t h e  curve ,  and w i t h  no new 

h i s t o r i c  i n f o r m a t i o n  t o  b r i n g  t o  b e a r  on t h e  l a k e  

f l u c t u a t i o n s  t h a t  occurreh-  d u r i n g  t h i s  p e r i o d  of t i m e ,  it 

s e e m s  p o i n t l e s s  t o  t r y  t o  improve on t h e  post-1883 

i n t e r p o l a t i o n s  of  t h e s e  two workers .  For  t h e  purposes  of 

t h i s  r e p o r t  Hard ing ' s  l i n e  i s  c o n s i d e r e d  t h e  more 

t rus twor ty - -no t  because  o f . a n y  c h a r a c t e r i s t i c  o f  t h e  l i n e  

i t s e l f ,  b u t  because  he was r e l a t i v e l y  e x p l i c i t  i n  d e f i n i n g  

h i s  methodology. Hard ing ' s  l a k e  l e v e l s  f o r  t h e  p e r i o d  

1883-1912, t h e r e f o r e ,  a r e  i n c l u d e d  on t h e  hydrograph of 

h i s to r i c  f l u c t u a t i o n s  of  Mono Lake shown on P l a t e  1. 

I n  1912 t h e  Uni ted  S t a t e s  F o r e s t  S e r v i c e  began t o  

m o n i t o r  changes i n  t h e  l e v e l  of Mono Lake. For  t h e  n e x t  22 

y e a r s  e l e v a t i o n  r e a d i n g s  were t a k e n  a t  i r r e g u l a r  i n t e r v a l s  

from a s t a f f  gauge l o c a t e d  a l o n g  t h e  wes te rn  s h o r e  n e a r  t h e  

P o s t  O f f i c e  Creek D e l t a .  The C i t y  of Los Angeles,  which 

s t a r t e d  r e c o r d i n g  l a k e  e l e v a t i o n s  from t h i s  same gauge 20 i n  



- 
December of 1925, r e l i eved  t h e  Forest  Service of t h e  t a s k  i n  

1934. Since t h a t  time DWP has taken lake  l e v e l  readings at 
I 

approximately weekly i n t e r v a l s  and, l i k e  t h e  Fores t  Service 

before  them, has reported these  readings t o  t h e  United S t a t e s  - 
Geological Survey f o r  publ ica t ion  i n  t h e  USGS S t a 2 a . u  

PaDers ( s ince  1966 c a l l e d l & ~  D 

California). 

In  general  t h e  accuracy of t h i s  record i s  high. In  

a d d i t i o n  t o  t h e  per iod between May, 1915 and June, 1916, 
m 

which, according t o  USGS Water Supply Paper 765 is  "obviously 

i n  e r r o r " ,  only f i v e  of t h e  near ly  3000 l ake  l e v e l  readings I 

should be considered suspect .  21 
, -a 

One o the r  source of confusion clouds t h e  record.  In  

1932 t h e  United S t a t e s  Geological Survey adjus ted  t h e  

e l e v a t i o n  n e t  i n  t h e  Mono Basin t o  conform t o  t h e  United 

S t a t e s  Coast and Geodetic Survey datum change of 1929. This 

involved a correc t ion  of +0.37 f e e t .  The Ci ty  of Los Angeles 

never made t h i s  adjustment, and cont inues t o  r epor t  

uncorrected f i g u r e s  t o  t h e  USGS. For decades t h e  USGS 

cor rec ted  t h e  DWP lake e l eva t ions  ( t h a t  is ,  USGS .added 0.37 

f e e t  t o  t h e  DWP f i g u r e s )  before publ ishing them i n  t h e  Water 

Supply Papers. In  September of 1976, however, following a 

personnel change and a move of t h e  Water Resources Division 

t o  t h e i r  Laguna-Niguel o f f i c e ,  t h e  USGS stopped making t h e  

co r rec t ion ,  and began t o  publ ish unadjusted DWP f i g u r e s .  



This  p r a c t i c e  has  continued t o  t h e  p re sen t  day." 

P l a t e  1 i l l u s t r a t e s  g raph ica l ly  t h e  s u r f a c e  f l u c t u a t i o n s  

of Mono Lake t h a t  occurred between 1857 and 1986. A l l  

e l e v a t i o n s  on t h e  graph and throughout t h i s  d i s s e r t a t i o n  

conform t o  t h e  Nat ional  Geodetic V e r t i c a l  Datum of 1929. 

It can be  seen on P l a t e  1 t h a t  fol lowing t h e  s h o r e l i n e  

f l u c t u a t i o n s  descr ibed  above f o r  t h e  pe r iod  1857-1883 t h e  
I.. 

l a k e  began a marked rise t h a t  culminated on J u l y  18, 1919 a t  

an e l e v a t i o n  of 6428.07 f e e t .  I n  t h e  s e c t i o n s  t h a t  fol low, 

t h i s  p o i n t  on t h e  l ake  l e v e l  curve i s  r e f e r r e d  t o  as t h e  

" H i s t o r i c  High Stand". The l a k e  remained c l o s e  t o  t h e  

H i s t o r i c  High Stand u n t i l  1924, when it began t o  d e c l i n e  i n  

response t o  t h e  onse t  of Dust Bowl condi t ions .  The climatic 

ame l io ra t ion  of  t h e  mid-1930s h a l t e d  t h i s  dec l ine ,  and t h e  

abnormally w e t  cond i t i ons  of 1938.forced a  minor rise i n  l a k e  

l e v e l .  

The C i t y  of Los Angeles began t o  d i v e r t  Mono Lake's 

t r i b u t a r y  streams i n  1940. For t h e  nex t  7  y e a r s  t h e s e  

d i v e r s i o n s  w e r e  r e l a t i v e l y  small;  t h i s ,  and t h e  h igh  

p r e c i p i t a t i o n  of t h e  e a r l y  and middle p o r t i o n s  of  t h e  decade 

combined t o  e s s e n t i a l l y  s t a b i l i z e  t h e  l a k e  a t  e l e v a t i o n s  

between 6416 and 6418 f e e t .  With an i n c r e a s e  i n  stream 

d i v e r s i o n s  and a  r e t u r n  t o  a  more normal p r e c i p i t a t i o n  regime 

i n  1947, t h e  l a k e  su r f ace  began t o  drop d rama t i ca l ly .  With 

few excep t ions  ( i . e .  t h e  abnormally wet y e a r s  o f  1952, 1958, 



e 

1967, 1969, a n d  1980) t h a t  d r o p  c o n t i n u e d  u n t i l  December 30, 

1981, when the  l a k e  r e a c h e d  i t s  llHistoric Low S tand"  o f  I 

6372.00 fee t .  Record-breaking  r u n o f f  f rom the  Mono S i e r r a  i n  

1982 a n d  1983  exceeded Dm's d i v e r s i o n  c a p a b i l i t i e s ,  f o r c i n g  m 

t h e  r e l e a s e  of mass ive  amounts 'o f  w a t e r  i n t o  t h e  l a k e  a n d '  . 

i n s t i g a t i n g  a r a p i d  l a k e - l e v e l  rise t o  a n  e l e v a t i o n  c l o s e  t o  

6381 f e e t  i n  e a r l y  A p r i l  o f  1984.  Over t h e  n e x t  20 months 
*.. 

the  l a k e  e x p e r i e n c e d  a ininor d e c l i n e ;  a t  t h e  t i m e  of w r i t i n g  

( June ,  1986)  t h e  l a k e  s u r f a ' c e  i s  once  a g a i n  r i s i n g ,  a n d  l i e s  

a t  a p p r o x i m a t e l y  6380 f e e t  above  sea l e v e l .  

I n  p o r t i o n s  of t h e  c h a p t e r  t h a t  f o l l o w s  t h e  h i s t o r i c  

l a k e  f l u c t u a t i o n s  w i l l  be ment ioned  o f t e n .  W i t h  t h i s  i n  mind - 
t he  reader w i l l  want t o  keep  P l a t e  1 c l o s e  a t  hand.  



FOOTNOTES 

1 Von Schmidt was a Californian of some distinction. His 
life as an engineer and his exploits as a surveyor are the 
subject of a Master's Thesis by George Reimer (1961). Von 
Schmidt's survey notes and plats are available at the Office 
of the Bureau of Land Management, Sacramento. 

2 The verb '*meander1' is used by engineers to denote the 
surveying of a lake margin. "Meander pointsw are those 
points set as reference marks around the lake margin. A 
"meander line" is a line connecting two adjacent meander 
points, or, more generally, a line connecting several or all 
meander points along the periphery of a lake. 

Personal communication with Messrs. Dave Evens and Me1 
Blevins, Los Angeles Department of Water and Power. August, 
1979, May, 1980. 

4 Personal communication with Dr. Kenneth Lajoie, United 
States Geological Survey, Menlo Park, ,California. November, 
1981. 

The 5-foot contour maps of Mono Lake prepared for Federal 
Litigation Civil No. 5-80-696, U.S.D.C., E.D. Cal. by Pacific 
Western Aerial Surveys (available at Water Resource Archives, 
University of California, Berkeley) clearly indicate the 
marked lakeward flattening of the Mono shorelands. In the 
vicinity of South Tufa on the southern shore of the lake the 
ground slope in the elevation interval 6415'-642O1, where 
Lynch made his slope measurements, is approximately 55.6' per 
mile. The gradient declines to approximately 25' per mile in 
the elevation interval 6395'-6400gr and reaches 11.7' per 
mile in the elevation interval 6372'-6375'. On the eastern 
side of the lake, in the vicinity of Warm Springs, the 
gradient drops from 41.7' per mile in the elevation interval 
6415'-642OW, to 15.6' per mile in the elevation interval 
6395'-64008, and to 11.7 feet per mile in the elevation 
interval 6372'-6375'. These same elevation intervals on the 
western side of the lake near the Mono County Marina are 
characterized by slopes of 250', 125', and 23.3' per mile, 
respectively, while on the northern shore near Bridgeport 
Creek they display slopes of 13.9', 11.6, and 6.47' per 
mile, respectively. 

6 Personal communication with Mr. Joel Michaelsen, Department 
of Geography, University of California, Berkeley, March, 



1980. P re sen t  address  : ~ e ~ a f t m e n t  of  Geography, Un ive r s i t y  
of C a l i f o r n i a ,  San ta  Barbara. 

Recent work by Vors t e r  (1985) v e r i f i e s  Hard ingws  conclusion 
i n  t h i s  r ega rd .  

P r i o r  t o  1857 on ly  t h r e e  C a l i f o r n i a  stat ions--San 
Franc isco ,  Stockton and Sacramento--kept r e l i a b l e  
p r e c i p i t a t i o n  records .  Of t h e , t h r e e ,  San F ranc i sco  prov ides  
what i s  by f a r  t h e  b e s t  ipdex of inf low t o  Mono Lake. 

9 Data on measured in f low a v a i l a b l e  from t h e  Los Angeles 
Department of  Water and Power. 

lo John C. Fremont c ros sed  t h e  S i e r r a  Nevada dur ing  t h e  w in t e r  
of  1843-44. While t h e  c r o s s i n g  could no t  have been 
accomplished i n  a year  of h igh  p r e c i p i t a t i o n ,  h i s  account  
does  i n d i c a t e  t h a t  t h e  win te r  may have been somewhat wetter 
t h a n  desc r ibed  by Bidwell .  Fremont recorded snowstorms i n  
t h e  c e n t r a l  S i e r r a  on January 13th ,  19th ,  20th, 30 th  and 
3 1 s t ,  and wrote t h a t  cold ,  r a i n y  cond i t i ons  p r e v a i l e d  on t h e  
26th ,  27 th  and 28th of t h a t  month. Snow f e l l  " th i ck ly"  on 
February lst ,  and snowstorms on t h e  9th,  10 th  and 1 1 t h  
r e s u l t e d  i n  a  deep snow-lie on ~ e b r u a r y  12 th .  H e  a l s o  wrote 
o f  f a l l i n g  snow on t h e  21s t  and 22nd of February, and of 
heavy r a i n f a l l  on t h e  26 th  of t h a t  month (Jackson and Spence, 
1970, pp. 601-644). 

11 Per sona l  Communication with  J o e l  Michaelsen, op c i t .  

12 Eddy's map i s  a v a i l a b l e  a t  The Bancrof t  L ibra ry ,  Un ive r s i t y  
o f  C a l i f o r n i a ,  Berkeley.  One e a r l i e r  map ( T r a s k w s  1853 "Map 
of t h e  S t a t e  of Cal i forniaw--see  F l e t c h e r ,  1982) d e p i c t s  Mono 
Lake. This  map, however, does no t  show any of  t h e  i s l a n d s ,  
an  omission t h a t  r ende r s  it u s e l e s s  i n  a s s e s s i n g  t h e  l a k e  
e l e v a t i o n  of  1853. 

l3 See, f o r  i n s t ance ,  DeGroot 's 1863 Map o f  t h e  Nevada 
T e r r i t o r y  (in Wheat, op c i t .  v .  5, p. 6 7 ) ;  and Browning's 
1861 map of Ca l i fo rn i a ,  New Mexico and Utah ( ib id . ,  p .  11). 

1 4  E.9. t h e  Sacramento R a i , l y  Union, November 23, 1859. 

15 Von Schmidt f i rs t  viewed t h e  Mono Basin from t h e  c r e s t  of  
t h e  S i e r r a  Nevada i n  1855. He desc r ibed  t h e  panorama t h u s l y :  
"From t h i s  p o i n t  t h e  view of t h e  country  is magnif icant .  
Mono Lake, w i t h  i t s  two i s l a n d s  l y i n g  t o  t h e  n o r t h e a s t ,  l ooks  
beau t i fu l - -and  i n  s h o r t ,  t a k e  t h e  view a l l  t oge the r ,  is  t h e  
most b e a u t i f u l  I e v e r  saw" (emphisis  added).  



16 According t o  Harding (1962) , t h e  i n v e r t e d  T w a s  d i scovered  
on September 30, 1950 by a survey p a r t y  headed by R.V. 
P h i l l i p s  of t h e  LADWP. The mark w a s  l e v e l e d  on t h a t  day, and 
w a s  found t o  l i e  0.29 f e e t  above t h e  l a k e  su r f ace .  P h i l l i p s  
r e p o r t e d  a September 30 th  l a k e  l e v e l  of  6409.72 f e e t ,  "USGS 
Datum", and concluded t h a t  t h e  bench mark (and t h u s  t h e  l a k e  
l e v e l  of  November, 1883) s tood  6410.01 f e e t  above s e a  l e v e l ,  
"USGS Datum1'. This  f i g u r e  i s  t h e  one c i t e d  by Harding. 

The datum used by P h i l l i p s  i n  h i s  de te rmina t ion  o f  t h e  ' 
bench mark e l e v a t i o n ,  however, i s  n o t  t h e  Nat iona l  Geodetic 
V e r t i c a l  Datum (NGVD) of  1929 ( t h e  datum used by USGS s i n c e  
1932) .  U S G S  l ists t h e  l a k e  e l e v a t i o n  o f  September 30, 1950 
as 6410.09 f e e t ,  0.37 f e e t  above t h a t  c i t e d  by P h i l l i p s .  It 
is  concluded t h e r e f o r e  t h a t  t h e  Johnson bench mark l ies  a t  an 
e l e v a t i o n  o f  6410.38 f e e t ,  NGVD of 1929. The d i sc repancy  
between t h e  NGVD of 1929 and t h e  datum used by t h e  LADWP i s  
d i s c u s s e d  i n  d e t a i l  on page 86-87. 

l7 Lynch, working as he was dur ing  t h e  yea r s  p r i o r  t o  1950, 
when W.D. Johnson's  bench mark was discovered,  was unaware of  
t h e  p r e c i s e  1883 e l e v a t i o n  of  Mono Lake. H e  e s t ima ted  from 
R u s s e l l ' s  photographs t h a t . t h e  l a k e  e l e v a t i o n  i n  t h a t  yea r  
w a s  6408 f e e t .  Thus, while Harding sought t o  i n t e r p o l a t e  
changes i n  l a k e  l e v e l  between 6376 f e e t  ( f o r  1857 AD) and 
6410 feet ( f o r  1883 AD) ,  Lynch i n t e r p o l a t e d  between 6376 f e e t  
and 6408 f e e t .  

la Any a t tempt  t o  q u a n t i t a t i v l y  eya lua te  t h e  behavior  of  Mono 
Lake du r ing  t h e  pe r iod  1857-1883 is  hampered by a l a c k  of  
a c c u r a t e  i n f low and evaporat ion d a t a .  The c o r r e l a t i o n  
between San Franc isco  p r e c i p i t a t i o n  and Mono Basin stream 
flow, whi le  reasonably high (r- 0.841, p rov ides  t h e  basis f o r  
o n l y  a rough e s t i m a t e  of Mono Lake inf low.  A t  t h e  80% 
conf idence  i n t e r v a l ,  f o r  i n s t ance ,  it can be  s a i d  t h a t  a y e a r  
of normal p r e c i p i t a t i o n  i n  San Franc isco  brought somewhere 
between 75% and 122% of  normal s t ream f low t o  t h e  Mono Basin, 
a d i s t r e s s i n g l y  wide range of va lues  t h a t ,  a t  t h e  extremes, 
cou ld  have f o r c e d  e i t h e r  a s u b s t a n t i a l  rise, o r  a marked 
d e c l i n e ,  i n  l a k e  l e v e l .  Based on t h e  San Franc isco  
p r e c i p i t a t i o n  record,  i n  f a c t ,  an annual  n e t  r ise i n  Mono 
Lake can be  r e t r o d i c t e d  a t  t h e  80% confidence i n t e r v a l  on ly  
for t h o s e  y e a r s  i n  which t h e  c i t y  r ece ived  over  approximately 
130% of  normal r a i n f a l l ;  s i m i l a r l y ,  an  annual  n e t  d rop  i n  
Mono Lake can be r e t r o d i c t e d  wi th  80% s u r e t y  on ly  i n  t h o s e  
y e a r s  i n  which San Franc isco  p r e c i p i t a t i o n  w a s  less t h a n  
approximately  70% of normal. 

I n d i c e s  of  Mono Basin runoff  f o r  yea r s  a f t e r  1870 have 
been de r ived  by t h e  S t a t e  of C a l i f o r n i a  (1923). These 



i n d i c e s ,  however, are of  h igh ly  ques t ionab le  va lue .  They are - 
based on a "wetnessw index de r ived  from on ly  occas iona l  
measurements of  streams f a r  from t h e  Mono Basin, and on an 
assumed runoff  llnormal" which is  f a r  t o o  high.  

I 

1 9  This  c rude  s t r u c t u r e  l i e s  w i th in  t h e  narrow and h i g h l y  
p r o t e c t e d  d e c l i v i t y  t h a t  s e p a r a t e s  t h e  Western- and 
Central-Negit  cou lees  (Figure  1 9 ) .  I t  i s  approximately - 
square ,  measuring n i n e  f e e t  on a s i d e .  The rock foundat ion 
i s  hidden by a  d i l a p i d a t e d  wooden p l a t fo rm t h a t  was b u i l t  i n  
t h e  1950s t o  accomodate t h e  movie crews f i l m i n g  "Fa i r  Winds ' I 

t o  Java".  The s i d e  of t h e  foundat ion t h a t  faces lakeward has  
c o l l a p s e d  downslope, making it impossible  t o  determine 
p r e c i s e l y  i t s  o r i g i n a l  s e t t i n g .  - 

I . .  

2o The s t a f f  gauge from which l a k e  l e v e l  r ead ings  are t aken  
w a s  o r i g i n a l l y  a t t a c h e d  t o  a  "willow treew n e a r  Hammon's 
S t o r e  i n  Lot 6, t h e  SE l/4 of t h e  NE ' /4 of  Sec t ion  31, T2N = 
R26E, "about two m i l e s  sou th  of t h e  Mono Lake p o s t  o f f iceB1.  
On September 16, 1916, t h e  gauge was mounted t o  t h e  suppor t  
of  a boathouse l o c a t e d  approximately 300 f e e t  nor thwest  of  I 

i t s  former p o s i t i o n .  Zero on t h e  gauge i n s t a l l e d  i n  1916 was 
10.0 feet  h ighe r  t han  t h a t  on t h e  o r i g i n a l  gauge. 

The d e s c r i p t i o n  of t h e  gauge l o c a t i o n  was r e v i s e d  i n  
1933 t o  r ead  t h u s l y :  "SE '14 of t h e  NE ' 1 4  of  Sec t ion  31, T2N '- 

R26E, about a mi le  south of t h e  Mono Lake post  o f f i c e  
(emphasis added) .  This  d i d  n o t  involve  a change i n  t h e  
l o c a t i o n  o f  t h e  gauge. I 

Sometime between 1960 and 1964 DWP moved t h e  s taf f  
gauge t o  i t s  p r e s e n t  l o c a t i o n  a t  t h e  Mono County Marina i n  
t h e  SE '14 of  t h e  NW '14 of Sec t ion  5, T2N R26E. See USGS I 

Water Supply Papers  250, 330, 530, 750, 765, and 1927. 

2 1  F i v e  l a k e  l e v e l s  r epo r t ed  by DWP t o  U S G S  should  be  
cons ide red  i n c o r r e c t .  A l l  f i v e  ( r e p o r t e d  f o r  1/11/44, I 

11/22/68, 9/15/78, 4/27/79, and 5/1/79) involve  p u t a t i v e  
rises t h a t  occurred i n  t h e  middle o f  a g e n e r a l  f a l l i n g  t r e n d ;  
i n  a l l  t h r e e  cases ,  t h e  d i f f e r e n c e  between t h e  ques t ionab le  I. 

l a k e  l e v e l  and t h e  subsequent read ing  i s  s o  g r e a t  t h a t  it 
would r e q u i r e  an untenably r a p i d  drop i n  l a k e  l e v e l .  
Consider,  f o r  example, t h e  l a k e  e l e v a t i o n  r e p o r t e d  f o r  
September 15, 1978  ( recorded he re  i n  t h e  con tex t  of  t h e  
preced ing  and subsequent l a k e  l e v e l  read ings ,  as  l i s t e d  i n  
United S t a t e s  Geological  Survey U t e r  R e s o m D a t a  f p ~  
California, v.1, p.222, 1978) : 



Note t h a t  t h e  reading f o r  9/15/78 represents  a departure  from 
t h e  general  f a l l i n g  t r end  of t h e  previous weeks, and t h a t ,  i f  
t h e  reading were co r rec t ,  t h e  lake would have t o  have dropped 
0 .6  f e e t  i n  t h e  t h r e e  days following September 15. This 
a l l eged  r a t e  of l ake  dec l ine  i s  almost seven t imes a s  f a s t  a s  
any o the r  recorded f o r  Mono Lake during t h e  74  years  of 
record.  

I - .  

22 The w r i t e r  brought t h i s ' o v e r s i g h t  t o  t h e  a t t e n t i o n  of t h e  
U S G S  i n  March of 1984. The agency subsequently acknowledged 
t h e  e r r o r  ( see  Appendix C )  and plans t o  publ i sh  an updated 
and correc ted  synthes is  of t h e  Mono Lake record i n  t h e  next 
volume of Hater Resources Data for Califarnia. 



CHAPTER 2 

MEANS OF TRACING THE PRE-HISTORIC 

SURFACE FLUCTUATJONS OF MONO LAKE 

The su r face  f l u c t u a t i o n s  of Mono Lake descr ibed i n  t h e  
,-. 

previous chapter  were deciphered using maps, c l i m a t i c  da ta ,  

e a r l y  h i s t o r i c  accounts, and f o r  t h e  p a s t  seven decades, 

a c t u a l  l ake  l e v e l  records.  No such information i s  a v a i l a b l e  

f o r  t h e  per iod  preceding 1853 AD. F luc tua t ions  i n  t h e  

e l eva t ion  of t h e  l ake  sur face  t h a t  occurred p r i o r  t o  t h a t  

year  must be i n f e r r e d  from sedimentologic, geomorphic, 

paleobotanic ,  tephrochronologic, and radiometr ic  evidence. 

While no s i n g l e  l i n e  of evidence provides a p e r f e c t  record of 

lake  behavior, t h e  sum of t h e  information permits  I 

cons t ruc t ion  of an accurate ,  high-resolut ion curve t h a t  spans 

m t h e  p a s t  four  mi l lennia .  

This chapter  d iscusses  each of t h e  var ious  types  of - 
evidence i n  t h e  context  of t h e  Mono Lake environment. 

Included here  a r e  seven sec t ions ,  each of which explores  a 

d i f f e r e n t  l i n e  of evidence. The sequence of t o p i c s  i s  a s  

fol lows:  a )  d e l t a i c  sedimentation a t  l a t e  Holocene Mono 

Lake; b)  l i t t o r a l  and lake  bottom sedimentation a t  l a t e  .. 

Holocene Mono Lake; c )  geomorphology of t h e  Mono shorelands; 



d) vegetat ion a s  an indicator of  lake l e v e l  f luctuations;  e)  

t h e  vo lcanic  record and i ts  bearing on the  lake f luctuat ion  

curve; f )  radiometric control of the  lake l e v e l  curve; g) 

t u f a  and i t s  bearing on the  lake f luctuat ion  curve. 



A. THE DELTAS OF MONO LAKE 

AND THEIR BEARING ON THE PRE-HISTORIC LAKE LEVEL CURVE 

Between 1941, when t h e  C i t y  o f  Los Angeles began t o  

divert  w a t e r  from t h e  Mono Basin ,  and  1982, when a series of 
.. 

abnormal ly  w e t  w i n t e r s  t e m p o r a r i l y  c u r t a i l e d  stream 

d i v e r s i o n s ,  t h e  s u r f a c e  of Mono Lake f e l l  4 5  feet--from a n  

e l e v a t i o n  o f  6417 f e e t  t o  6372 f e e t  ( P l a t e  1). I n  r e s p o n s e  

t o  t h i s  d r o p  i n  b a s e  l e v e l  t h e  major  t r i b u t a r y  streams 

i n c i s e d  t h e i r  d e l t a s  t o  d e p t h s  ranging.  from 5 t o  30 feet. 

Exposed i n  t h e  w a l l s  o f  t h e s e  f r e s h  s t r e a m  c u t s  are sequences  

of r i v e r i n e ,  l i t t o r a l ,  l a c u s t r i n e ,  a e o l i a n  and v o l c a n i c  

s e d i m e n t s .  These sed imenta ry  sequences ,  and  t h e  d e l t a i c  

l andforms  t h e y  compose, are t h e  most i m p o r t a n t  s o u r c e  o f  

e v i d e n c e  f o r  p a s t  f l u c t u a t i o n s  i n  t h e  l e v e l  of Mono Lake. It 

i s  t h e r e f o r e  a p p r o p r i a t e  t o  b e g i n  t h i s  c h a p t e r  w i t h  a 

d i s c u s s i o n  of d e l t a s  of c l o s e d  l a k e s  and t h e  ways t h e y  can  be 

u s e d  t o  c o n s t r u c t  a  l a k e  f l u c t u a t i o n  c u r v e .  

The e x i s t i n g  l i t e r a t u r e  on t h i s  s u b j e c t  i s  

d i s a p p o i n t i n g l y  meager. S e v e r a l  s t u d i e s  of c l o s e d  l a k e s  have  

f o c u s e d  on t h e  d e l t a  a s  a means of t r a c i n g  p a s t  changes  i n  

l a k e  l e v e l ,  b u t  t h e s e  a n a l y s e s  have l a r g e l y  i g n o r e d  t h e  . 
processes t h a t  c r e a t e  d e l t a s  i n  wide ly  f l u c t u a t i n g  water 



bodies ,  as w e l l  as t h e  b a s i c  geomorphic forms and sedimentary 

s t r u c t u r e s  and sequences t h a t  r e s u l t  from t h o s e  processes .  

I n  what fo l lows ,  concepts  and terminology r e l a t i n g  t o  

Gi lber t - type  d e l t a i c  sedimentat ion i n  a widely f l u c t u a t i n g  

s a l i n e  l a k e  are in t roduced .  This  simple model i s  conceived 

with  hype r sa l ine  Mono Lake and i t s  t r i b u t a r y  s t reams i n  mind, 

though it may have a p p l i c a t i o n  t o  a l l  d e l t a s  b u i l t  i n t o  

t e rmina l  l a k e s  by small ,  high-gradient  s t reams  c a r r y i n g  bo th  

suspended and t r a c t i o n  loads .  The model is  in tended  t o  

provide a working vocabulary, and t o  s e r v e  as a r a t i o n a l  

b a s i s  f o r  i n t e r p r e t i n g  t h e  l a t e  Holocene d e l t a i c  forms and 

sedimentary sequences exposed on Rush, .Mil l ,  and Lee Vining 

c reeks .  

I n  h i s  monograph of 1883 on t h e  h i s t o r y  of  P l e i s t o c e n e  

Lake Bonnevi l le ,  G.K. Gi lber t  provided t h e  f irst  

comprehensive d i s c u s s i o n  of t h e  formation and sedimentary 

s t r u c t u r e s  of  l a c u s t r i n e  d e l t a s .  He reasoned t h a t  a stream, 

i n  merging wi th  t h e  r e l a t i v e l y  sti l l  water  of  a l ake ,=  

undergoes a decrease  i n  c u r r e n t  v e l o c i t y  t h a t  d imin ishes  i t s  

a b i l i t y  t o  t r a n s p o r t  sediment.  Upon e n t e r i n g  t h e  l ake ,  t h e  

suspended f r a c t i o n  of t h e  sediment load  r i d e s  t h e  d i f f u s e  

remnants of  t h e  s t ream c u r r e n t  basinward f o r  some d i s t a n c e  

be fo re  s e t t l i n g  o u t .  This  f i n e  d e b r i s  b u i l d s  up on t h e  l hke  



f l o o r  as bot tomset  beds .  The coa r se  f r a c t i o n  o f  t h e  s t ream 

load ,  on t h e  o t h e r  hand, drops  ou t  immediately a f t e r  e n t e r i n g  

t h e  l a k e  and accumulates a t  t h e  s t ream mouth as f o r e s e t  beds.  

Deposi t ion a t  t h e  mouth of  t h e  s t ream causes  a 

l eng thening ,  and consequently an i n i t i a l  f l a t t e n i n g ,  o f  t h e  . 
channel .  This  f l a t t e n i n g  reduces s t ream v e l o c i t y  and 

competence, caus ing  d e p o s i t i o n  ,,. of some bed load ,  which, 

accord ing  t o  equ i l i b r ium p r i n c i p l e s ,  w i l l  ma in ta in  a g r a d i e n t  

s t e e p  enough t o  t r a n s p o r t  i t s  subsequent load .  Thus, a 

prograding stream must aggrade.2 Coarse sediment i s  

depos i t ed  on t h e  channel  f l o o r ,  f i r s t  a t  t h e  newly prograded 

mouth, t hen  p r o g r e s s i v e l y  headward f o r  some d i s t a n c e  

upstream. The d e p o s i t  s o  formed comprises a d e l t a  t o p s e t $  

bed.  

Continued d e p o s i t i o n  of t o p s e t  and f o r e s e t  beds r e s u l t s  

i n  growth o f  t h e  d e l t a .  Growth occurs  bo th  i n  t h e  lakeward 

d i r e c t i o n ,  due t o  s t ream prograda t ion ,  and i n  t h e  landward 

d i r e c t i o n ,  as t o p s e t  beds b a c k f i l l  t o  h ighe r  and h i g h e r  

l e v e l s  upstream. G i l b e r t  d i d  no t  e n t e r t a i n  t h e  p o s s i b i l i t y  

t h a t  t h e  s t ream might e n t e r  t h e  l a k e  by way of  a canyon, and 

t h a t  b a c k f i l l i n g  i n  response t o  s t ream prograda t ion  might 

b r i n g  about t h e  d e p o s i t i o n  of t o p s e t  beds w i th in  such a 

canyon. With t h i s  ca se  i n  mind, subsequent workers have 

recognized bo th  **inner1* and "outer"  p o r t i o n s  of a d e l t a :  ' ~ h ~  



i n n e r  p o r t i o n  ( h e r e  c a l l e d  t h e  c o n f i n e d  d e l t a ) ,  l i es  w i t h i n  

t h e  c o n f i n e s  of  t h e  t r u n k  s t r e a m  canyon; it is  composed of 

t o p s e t  beds t h a t  o v e r l i e  n o n - d e l t a i c  a l luv ium.  The o u t e r  

p o r t i o n  ( h e r e  c a l l e d  t h e  unconf ined d e l t a )  p r o t r u d e s  lakeward 

from t h e  mouth o f  t h e  t r u n k  s t r e a m  canyon. It is  t r i p a r t i t e  

i n  s t r u c t u r e :  s t e e p l y  d i p p i n g  f o r e s e t  beds, o v e r l i e  

f i n e - g r a i n e d  bo t tomse t  beds and i n  t u r n  s u p p o r t  t o p s e t  beds  
". 

o f  r i v e r i n e  cobb les  a n d - g r a v e l s .  S i n c e  no  canyon w a l l s  e x i s t  

t o  res t r ic t  t h e  l a t e r a l  development of t h e  unconf ined d e l t a ,  

it grows lakeward i n  a l l  p o s s i b l e  d i r e c t i o n s ,  t a k i n g  on a 

shape  f h a t ,  i n  p l a n  view, resembles  a n  a l l u v i a l  f an .  

The t r u n k  s t r e a m  d i s t r i b u t e s  i t s  f l o w  o v e r  t h e  s u r f a c e  

o f  t h e  d e l t a  ( t h e  d e l t a  p l a i n )  among a number of channe l s .  

These channels-- the d i s t r i b u t a r i e s - - a r e  b u i l t  on, r a t h e r  t h a n  

i n c i s e d  i n t o ,  t h e  d e l t a  p l a i n .  They are, t o  u s e  Gilbert 's  

t e r m ,  Ns lu icewaysw,  c o n t a i n e d  o n l y  by  t h e i r  own n a t u r a l  

l e v e e s .  Over t i m e  each  d i s t r i b u t a r y  b u i l d s  i t s  own s m a l l  

d e l t a  ( h e r e  c a l l e d  a d i s t r i b u t a r y  d e l t a )  a t  i t s  mouth, 

i n s t i g a t i n g  a g g r a d a t i o n  headward. I n  t h i s  way t h e  p r o g r a d i n g  

d i s t r i b u t a r y  channe l s  become i n c r e a s i n g l y  e l e v a t e d  above t h e  

g e n e r a l  s u r f a c e  of t h e  delta p l a i n .  T h i s  s i t u a t i o n  i s  h i g h l y  

u n s t a b l e :  Any wa te r  t h a t  f i n d s  i t s  way o v e r  a l e v e e  b r i n k  

e n c o u n t e r s  a r e l a t i v e l y  s t e e p  i n t e r l e v e e  p a t h  t o  t h e  l a k e  

s h o r e .  Should t h e  overf low e r o d e  a  n o t c h  i n  t h e  l e v e e ,  w a t e r  

w i l l  f low p r e f e r e n t i a l l y  th rough  t h e  breach,  r e s u l t i n g  i n  t h e  



abandonment, o r  p a r t i a l  abandonment, of t h e  sluiceway. 

F u g i t i v e  f low f r e e d  dur ing  t h e  avuls ion  fo l lows  t h e  s h o r t e s t ,  

s t e e p e s t  a v a i l a b l e  r o u t e  t o  t h e  l a k e  margin, b u i l d i n g  n a t u r a l  

l e v e e s  enroute ,  and t h e r e  beg ins  anew t h e  process  of 

d i s t r i b u t a r y  d e l t i f i c a t i o n  . 3  

G i l b e r t  descr ibed  an ab rup t  change i n  g r a d i e n t  a t  t h e  

p o i n t  where t h e  t r u n k  s t ream meets t h e  d e l t a ,  t h e  s l o p e  of 

t h e  t r u n k  s t ream being s t e e p e r  t han  t h a t  of  t h e  delta p la in . '  

U n c h a r a c t e r i s t i c a l l y ,  G i l b e r t  d i d  n o t  p rov ide  an  exp lana t ion  

f o r  t h i s  phenomenon, which must l i e  a t  l e a s t  p a r t l y  i n  t h e  

fo l lowing  p r i n c i p l e :  The t runk  s t ream must move a coa r se  

l o a d  and t h e r e f o r e  r e q u i r e s  a  r e l a t i v e l y  s t e e p  g r a d i e n t .  The 

d e l t a  p l a i n ,  on t h e  o t h e r  hand, is  an a r e a . o f  d e p o s i t i o n  f o r  

r e l a t i v e l y  f ine-gra ined  sediment t h a t  can be  c a r r i e d  through 

low-gradient  d i s t r i b u t a r y  channeis. The ex t ens ion  of  t h e  

d e l t a  c o n t i n u a l l y  lengthens  t h e  s t ream and f l a t t e n s  i t s  

g r a d i e n t ,  p r ec lud ing  t r a n s p o r t  of coa r se  load  f a r  o n t o  t h e  

d e l t a  i t s e l f .  The s l o p e  of t h e  d i s t r i b u t a r i e s ,  and t h u s  of 

t h e  d e l t a  p l a i n ,  i s  t h e r e f o r e  l e s s  t han  t h a t  of  t h e  t r u n k  

stream. 

C l a s s i f i c a t i o n  of t h e  d i f f e r e n t  d e p o s i t i o n a l  environments 

a s s o c i a t e d  wi th  Gi lber t - type  d e l t a s  has  been undertaken i n  a 

number of r e c e n t  s t u d i e s .  The simple scheme devised  by Born 



(1972) for the Truckee River Delta at Pyramid Lake in western 

Nevada is well suited to the deltas at Mono Lake. Born 

recognizes four distinct depositional environments: The 

pro-delta environment, composed of the bottomset beds of 

Gilbert; the delta-slope environment, made up of Gilbert's . 

foreset beds; the on-delta environment, constructed of 

topset beds; and the delta-front-platform environment, 
,-. 

situated in the near vicinity of the shoreline and composed 

of stream debris reworked by waves and littoral currents. 

While the different lithofacies associated with each of 

these depositional environments can be expected to vary from 

lake to lake and from stream to stream, certain 

generalizations regarding the nature and character of the 

deposits can be made. On-delta lithofacies include channel 

deposits, flood basin sediments, -levee deposits, and alluvial 

islands. Lithofacies commonly associated with the 

delta-front-platform environment include high- and low-energy 

beach deposits. Fine, laminated sediments typically 

characterize the pro-delta environment. The foreset 

sediments of the delta-slope environment are highly variable 

in grain size, reflecting seasonal and areal vicissitudes in 

distributary flow, proximity to the distributary mouth, and 

other factors. Facies on the delta slope thus include well- 

to poorly-sorted foreset beds of coarse to fine debris; . 
slump structures may be common. 



Model of D e l t a i c  S e d b g ~ ~ T - t i -  

d e l v  Fluct- 

There has been s u r p r i s i n g l y  l i t t l e  d i s c u s s i o n  of  t h e  

compl ica t ions  t o  G i lbe r t ' s  model t h a t  might r e s u l t  from 

s i g n i f i c a n t  f l u c t u a t i o n s  i n  t h e  e l e v a t i o n  of  t h e  l a k e  

s u r f a c e .  G i l b e r t  h imself  recognized t h a t  t h e  d e l t a s  of  Lake 
* -. 

Bonnevi l le  are composed.: of. s t ream sediments depos i t ed  a t  

t h r e e  d i f f e r e n t  l a k e  l e v e l s ,  ( h i s  Provo, In te rmedia te ,  and 

~ o n n e v i l l e  s t a g e s ) ,  bu t  he stopped s h o r t  of a d e t a i l e d  

a n a l y s i s  of  t h e  r e l a t i o n s h i p s  between t h e s e  d i f f e r e n t  

d e p o s i t s ,  y i e l d i n g  t o  t h e  "general  con.fusionl1 o f  such an 

under tak ing .  Other workers have warned o f  t h e  complicated 

onse t  and i n s e t  r e l a t i o n s h i p s  t h a t  c h a r a c t e r i z e  d e l t a s  b u i l t  

i n t o  widely f l u c t u a t i n g  l akes  (Dayis, 1982; Morrison, 1964) ,  

b u t  a  s y s t e m a t i c  t r ea tmen t  of  t h e s e  r e l a t i o n s h i p s  is st i l l  

wanting. Such a t r ea tmen t  i s  t h e  i n t e n t  o f  t h e  paragraphs  

t h a t  fol low.  

e t o  a dr P level: The "D- - 

d e l t a " , " d e l + a  t r e n c h  s a n d v  d e l t a  I1 O * .  ". ' S t a r t i n g  

h y p o t h e t i c a l l y  w i t h  a Gi lber t - type  del ta  b u i l t  i n t o  a 

p r e v i o u s l y  non- f luc tua t ing  l ake ,  it i s  apparent  t h a t  a d rop  

i n  l a k e  l e v e l  w i l l  i n s t i g a t e  i n c i s i o n  of  t h e  delta p l a i n .  

During t h e  i n i t i a l  s t a g e s  t h e  l a k e  r e g r e s s i o n  many 

o f  t h e  d i s t r i b u t a r i e s  may i n c i s e .  Quickly ,  however, 

o r  a l l  



streamflow i s  abs t rac ted  by a dominant d i s t r i b u t a r y .  

Inc i s ion  thus  becomes concentrated along a s i n g l e  stream, 

which c u t s  a d e f i l e ,  here  c a l l e d  a "de l ta  t renchn.  With 

streamflow now confined t o  t h e  d e l t a  t rench,  t h e  d e l t a  p l a i n  

i s  s a i d  t o  be "abandoned". 

A t  l akes  l i k e  Mono, which a r e  charac ter ized  by marked 

i n t r a -  and in terannual  v a r i a b i l i t y  i n  inflow and evaporation, 
I -. 

t h e  dec l ine  i n  sur face  e levat ion  w i l l  proceed a t  a v a r i a b l e  

r a t e ,  with per iods of r e l a t i v e l y  r ap id  recess ion  a l t e r n a t i n g  

with s t i l l s t a n d s  o r  short- l ived r i s e s .  The stream responds 

t o  each drop i n  base l e v e l  by deepening t h e  d e l t a  t rench,  and 

t o  each r i s e  o r  pause by c u t t i n g  l a t e r a l l y ,  thereby widening 

t h e  t rench f l o o r .  The d e l t a  t rench thus  evolves i n  s tages ,  

each s tage  marked by an e ros iona l  stream t e r r a c e ,  and each 

t e r r a c e  graded t o  a lower l e v e l  of t h e  f a l l i n g  lake.  

A s  long a s  t h e  stream is  inc i sed  deeply enough t o  

prevent t h e  spread of f l u v i a l  d e b r i s  onto t h e  abandoned d e l t a  

p l a i n ,  deposi t ion on t h e  p l a i n  sur face  i s  l i m i t e d  t o  aeo l i an  

and perhaps paludal  sediments. Vegetation may e s t a b l i s h  

i t s e l f  on t h e  abandoned p la in ,  leading t o  t h e  development of 

an organic-rich s o i l  horizon, and on t h e  banks, t e r r a c e s ,  and 

f l o o r  of t h e  d e l t a  t rench a s  well ,  forming a r i p a r i a n  

woodland. 

Sediment t r anspor ted  by t h e  stream during and a f t e r  . 
i n c i s i o n  of t h e  d e l t a  i s  deposited i n  t h e  lake  a t  t h e  mouth 



of t h e  trench, where it accumulates a s  foreset  and bottomset 

beds. Continued deposition leads t o  progradation of the  

incised stream channel, ins t igat ing construction of topset  

beds, a s  described above. A new Gilbert-type de l t a  graded t o  

the  lower lake leve l  thus forms adjacent t o  the  d i s t a l  margin 

of the  old, incised de l t a .  The incised feature  i s  here 

ca l led  the  'Iparent delta", while the  younger form is  
' .. 

designated the  "subsidiary' delta1*. 

The subsidiary de l ta  undergoes a  multistaged evolution 

similar ,  and closely linked, t o  t h a t  of the  de l t a  trench. 

The i n i t i a l  episode of incision of the  parent de l t a  generates 

a  f lush of sediment, redeposition of which forms the  i n i t i a l  

s tage of t h e  subsidiary de l ta .  Any ensuing drop i n  base 

leve l  not only ins t iga tes  renewed downcutting of the  de l ta  

trench, but a l so  strands, and forces incision of,  t h i s  

seminal subsidiary feature.  The newly eroded sediment comes 

t o  r e s t  adjacent t o  the  d i s t a l  margin of the  stage-one 

subsidiary del ta ,  giving r i s e  t o  a  second-stage subsidiary 

de l t a .  This process continues through numerous stages a s  the  

lake staggers t o  lower elevation. 

The subsidiary de l ta  t h u s  grows lakeward i n  a descending 

s e r i e s  of steps,  each succeeding s t ep  continuous with a lower 

t e r r ace  of the  de l t a  trench. The analogy of an arcuate 

s t a i r case  protruding from the front  of the  parent de l t a  . 
suggests i t s e l f ;  t h i s  ideal  form is seldom realized, 



however, s i n c e  t h e  s t randed  "s teps"  from e a r l y  s t a g e s  of 

s u b s i d i a r y  d e l t i f i c a t i o n -  are r e a d i l y  removed by i n c i s i o n  and 

l a t e r a l  stream e ros ion  dur ing l a t e r  s t a g e s .  A t  any given 

moment du r ing  t h e  l ake  regress ion ,  then ,  t h e  s u b s i d i a r y  d e l t a  

w i l l  c o n s i s t  o f  an a c t i v e  s t age ,  wi th  smal l  remnants of  

s t r a n d e d  s u b s i d i a r y  d e l t a s  from e a r l i e r  s t a g e s  perhaps  

p e r s i s t i n g  a long  i t s  l a t e r a l  ,-. f r i n g e s .  

~ x a m p l e s  of subs id i a ry  d e l t a s  and d e l t a  t r e n c h e s  can b e  

found today on a l l  t h e  major t r i b u t a r y  s t reams of  Mono Lake. 

Photos  6a, br and c show va r ious  views of  t h e  Rush Creek 

de l ta .  Note t h e r e  t h a t  a  deep t r e n c h  b i s e c t s  t h e  p a r e n t  

d e l t a  t o  dep ths  of  up t o  10 m. The g r e a t  bulk  of  t h i s  

i n c i s i o n  occur red  i n  j u s t  t h r e e  years--1967, 1969, and 1980. 

I n  t h e  f i r s t  of t h o s e . y e a r s  t h e  l a k e  s tood  a t  6390 feet; t h e  

stream t h u s  i n c i s e d  t o  t h a t  e l e v a t i o n ,  d e p o s i t i n g  t h e  

excavated debris a t  t h e  mouth of t h e  t r e n c h  t o  form a s tage-1 

s u b s i d i a r y  d e l t a .  By 1980 t h e  l a k e  s u r f a c e  had d e c l i n e d  t o  

6374 feet.  The r e l e a s e  of massive amounts of  w a t e r  by t h e  

DWP i n  t h a t  yea r  i n s t i g a t e d  f u r t h e r  downcutting. This  

i n c i s i o n  s t r a n d e d  t h e  t r e n c h  f l o o r  of 1967-69, c r e a t i n g  a 

t r e n c h  terrace; it a l s o  s t r anded  t h e  s tage-1 s u b s i d i a r y  

d e l t a ,  and prompted t h e  depos i t i on  of a stage-2 s u b s i d i a r y  

d e l t a .  The t r e n c h e s  and subs id i a ry  d e l t a s  on Lee Vining and 

M i l l  Creeks w i l l  be  d i scussed  subsequent ly .  



U. Suppose now that the lake rises 

from the hypothetical low stand described above, ultimately 

attaining a level high enough to submerge the unconfined 

portion of the parent delta and drown the lower reaches of 
I 

the trunk-stream canyon. The rising lake first inundates the 

subsidiary delta. There, on the gently inclined 

subsidiary-delta plain,,lake waves and littoral currents 

rework the topset sediments.. Coarse alluvium transported to I 

the edge of the rising lake by way of the delta trench no 

longer falls off the distal margin of the subsidiary delta 

into deep water. Instead, the debris c.omes to rest on the 

surface of the newly inundated plain, where waves and 

littoral currents may stack it into shoreline embankments. 

Deepening water gradually brings an end to wave activity 

on the plain of the subsidiary delta, and permits only 

progressively finer stream sediment to reach the 

newly-submerged surface. The lake transgression thus 

produces an upwardly-fining sequence of sediments--from 

high-energy beach debris, to shallow-water sands, to silts of 

deeper water--on the inundated plain of the subsidiary delta. 
I 

The rising lake next engulfs the delta trench, forming 

an elongate embayment protected from vigorous waves and II 

shoreline currents. Bay-mouth bars composed of sediment 
m 

eroded from the front of the parent delta may be deposited 



a c r o s s  t h e  mouth of t h e  embayment, f u r t h e r  i s o l a t i n g  t h e  r i a  

from t h e  open water of t h e  l a k e .  Stream sediment reach ing  

t h e  f l o o r  o f  t h e  newly-flooded t r e n c h  grows f i n e r  as t h e  l a k e  

a t t a i n s  g r e a t e r  depth .  I n  t h e  t rench ,  then ,  as on t h e  p l a i n  

of t h e  s u b s i d i a r y  d e l t a ,  t h e  l a k e  t r a n s g r e s s i o n  produces a 

sequence of  sediments tha ' t  f i n e s  upwards--f rom r i v e r i n e  

cobbles  and g rave l s ,  t o  sand, and f i n a l l y  t o  silt.  

I l l u s t r a t i o n s  of  t h e  ea r ly .  s t a g e s  i n  t h e  drowning o f . t h e  

d e l t a  t r e n c h  on Rush Creek  a r e  shown on Photos 7a and b. 

The c h a r a c t e r  of  t h e  t r a n s g r e s s i v e  sequence of  sediments 

on t h e  s u r f a c e  of  t h e  s u b s i d i a r y  d e l t a  and on t h e  f l o o r  of  

t h e  d e l t a  t r e n c h  i s  r e l a t e d  t o  t h e  n a t u r e  o f  t h e  l a k e  

t r a n s g r e s s i o n :  I f  t h e  l a k e  rises s t e a d i l y  (an u n l i k e l y  

s e n a r i o  a t  a  l a k e  t h a t  exper iences  seasona l  and annual  

v a r i a t i o n s  i n  in f low and evapora t ion ) ,  t h e  r e s u l t  i s  a 

simple,  upwardly-fining progress ion  of  sediments.  I f  t h e  

l a k e  rise i s  punctuated wi th  pauses  and minor d e c l i n e s ,  t h e  

product  w i l l  be an  i n t e r f i n g e r e d  success ion  of coa r se  and 

f i n e  d e b r i s  t h a t ,  o v e r a l l ,  g rades  i n t o  sands  o r  silts. 

Eventua l ly  t h e  t r a n s g r e s s i n g  lake over tops  t h e  p l a i n  o f  

t h e  pa ren t  d e l t a ,  f l ood ing  and k i l l i n g  t h e  incumbent 

vege t a t i on .  Waves and s h o r e l i n e  c u r r e n t s  rework any loose ,  

unbound sediment, as t h e  zone of l i t t o r a l  a g i t a t i o n  moves t o  

h i g h e r  and h ighe r  l e v e l s  on t h e  pa ren t -de l t a  plain. 

~ e ~ o s i c i o n  of  sediment on t h e  p l a i n  of  t h e  p a r e n t  d e l t a  



d u r i n g  t h e  e a r l y  s t a g e s  of i n u n d a t i o n  i s  meager, s i n c e  t h e  

main s o u r c e  o f  d e b r i s - - t h e  s t r e a m  i t s e l f - - r e m a i n s  c o n f i n e d  t o  

t h e  d e l t a  t r e n c h .  Coarse  a l l u v i u m  c o n t i n u e s  t o  be dumped 

i n t o  t h e  t r e n c h  a t  t h e  head o f  t h e  embayment, and  i s  t h u s  

p r e v e n t e d  from r e a c h i n g  t h e  p l a i n  o f  t h e  p a r e n t  d e l t a .  Only 

v e r y  f i n e  s t ream-borne  sediment  may f i n d  i t s  way o n t o  t h e  

i n u n d a t e d  p l a i n .  T r a n s p o r t  and  d e p o s i t i o n  o f  t h i s  f i n e  

d e b r i s  a t  h y p e r s a l i n e  l a k e s  is  made p o s s i b l e  by t h e  

hypopycnal  s t r a t i f i c a t i o n  t h a t  o c c u r s  a s  t h e  f r e s h  w a t e r  o f  

t h e  s t r e a m  f lows  outward o v e r  t h e  heavy, s a l i n e  wa te r  o f  t h e  

embayment. A p o r t i o n  o f  t h e  f i n e  s t r e a m  sediment  remains  

e n t r a i n e d  i n  t h e  s u r f a c e  c u r r e n t ,  and t h u s  e s c a p e s  t h e  

c o n f i n e s  o f  t h e  drowned t r e n c h .  As t h e  s t r a t u m  o f  f r e s h  

w a t e r ,  w i t h  i t s  suspended sediment ,  debouches from t h e  

t r e n c h ,  it s p r e a d s  l a t e r a l l y  o v e r - t h e  l a k e  s u r f a c e .  The 

sediment  se t t les  o u t  t h r o u g h  t h e  r e l a t i v e l y  s t i l l  w a t e r  o f  

t h e  l a k e ,  a  p o r t i o n  o f  it coming t o  rest on t h e  p l a i n  o f  t h e  

p a r e n t  d e l t a .  

I n  l i k e  manner and f o r  s i m i l a r  r e a s o n s ,  t h e  s u r f a c e s  of  

h i g h s t a n d i n g  t r e n c h  t e r r a c e s  are a l s o  d e p r i v e d  o f  c o a r s e  

s t r e a m  sediment  d u r i n g  a  r ise i n  l a k e  l e v e l .  Thus, b y  t h e  

t i m e  t h e  s h o r e l i n e  h a s  over topped a g i v e n  p o i n t  on t h e  

s u r f a c e  o f  a h i g h s t a n d i n g  t e r r a c e  s u r f a c e ,  t h e  j u n c t i o n  of 

t h e  s t r e a m  and t h e  lake--and, co r respond ing ly ,  t h e  p o i n t  of  

d e ~ o s i t i o n  f o r  a l l  b u t  t h e  f i n e s t  f r a c t i o n  of  t h e  s t r e a m  



load--has migrated f a r  uptrench. Only f i n e  d e t r i t u s  

e n t r a i n e d  i n  t h e  hypopycnal s t ratum of stream water can f i n d  

i ts  way onto t h e  t e r r a c e  sur face .  A d i s t i n c t i o n ,  then, must 

be made between a lake-transgressive depos i t  of t h e  t r ench  

f l o o r ,  which t y p i c a l l y  f i n e s  upward through an in te r f ingered  

sequence of coarse and f i n e  debr is ,  and a l ake - t r ansgress ive -  

depos i t  of a t r ench  t e r race ,  which c o n s i s t s  of very f i n e  

sediment t h a t  unconformably o v e r l i e s  stream cobbles and 

g rave l s .  Only a f t e r  sediment f i l l s  t h e  t r ench  t o  t h e  l e v e l  

of  a t e r r a c e  do depos i t s  of t h e  t r ench  f l o o r  and t h e  t r ench  

t e r r a c e  become e s s e n t i a l l y  one and t h e  same. 

Lake-transgressive depos i t s  of t h e  d e l t a  t r ench  a r e  a l s o  

p e c u l i a r  i n  t h a t  they may include l a r g e  q u a n t i t i e s  of p l a n t  

de t r i tus - - the  remains of r i p a r i a n  vegeta t ion  k i l l e d  by t h e  

r i s e  i n  l ake  l e v e l .  Here again a d i s t i n c t i o n  must be made 

between t h e  na ture  of t h i s  organic  depos i t  a s  it occurs on 

t h e  t r ench  f l o o r ,  and i ts  charac ter  on t h e  t r ench  t e r r a c e s .  

On t h e  high-energy environment of t h e  t r ench  f l o o r  t h e  p l a n t  

remains a r e  incorporated he l t e r - ske te r  i n t o  a 

p r i m a r i l y - c l a s t i c  stream deposi t .  I n  t h e  s t i l l - w a t e r  

condi t ions  t h a t  p r e v a i l  on inundated su r faces  of t r ench  

t e r r a c e s ,  i n  con t ras t ,  remains of t h e  dead vegeta t ion  may 

c o l l e c t  a s  a t h i c k  (from 3 t o  12  c m  t h i c k  on M i l l  and Lee 

Vining c r e e k s ) ,  f ib rous  mat t h a t  includes only small  amounts 

o f  c l a s t i c  sediment. 



- 
A s  l o n g  a s  t h e  s t r e a m  o c c u p i e s  t h e  d e l t a  t r e n c h ,  t h e  

t r e n c h  acts as a t r a p  f o r  a l l  b u t  t h e  f i n e s t  stream sed iment .  I 

A c o n t i n u e d  r ise  i n  l a k e  l e v e l ,  or  a p ro longed  p e r i o d  o f  
c. 

r e l a t i v e  l a k e  s t a b i l i t y ,  however, may a l l o w  t h e  stream t o  

f i l l  t h e  t r e n c h  w i t h  sediment  and aggrade  o n t o  t h e  p l a i n  of 
I) 

t h e  p a r e n t  d e l t a .  Should t h i s  occur ,  t h e  e n t i r e  stream l o a d  

can  be d i s p e r s e d  o n t o  t h e  d e l t a  p l a i n .  Coarse  sediment  comes I 

I . .  

t o  rest  on t h e  g e n t l y - s l o p i n g  p l a i n  n e a r  t h e  s t r e a m  mouth, - 

where waves and l i t t o r a l  c u r r e n t s  may sweep it i n t o  s h o r e l i n e  I. 

- 
embankments. The f i n e r  d e t r i t u s  moves f a r t h e r  lakeward,  o n t o  

I 

o r  beyond t h e  submerged d e l t a  p l a i n ' .  

With t h e  s t r e a m  no l o n g e r  c o n f i n e d  t o  t h e  del ta  t r e n c h ,  
I 

t h e  ongoing r ise i n  l a k e  l e v e l  a f f e c t s  s e d i m e n t a t i o n  on t h e  - 

upper  r e a c h e s  o f  t h e  p a r e n t - d e l t a  p l a i n  much a s  it d i d  on t h e  I 

p l a i n  o f  t h e  s u b s i d i a r y  d e l t a .  Deepening w a t e r  t h u s  permits 
*. o n l y  p r o g e s s i v e l y  f i n e r  d e b r i s  t o  b e  d e p o s i t e d  a t  any one 

p o i n t .  The r e s u l t  i s  a  s u c c e s s i o n  of sed iments  t h a t  f i n e s  - 
v e r t i c a l l y  upward. 

Under t h e  i d e a l  c o n d i t i o n s  d e s c r i b e d  above, t h e n ,  a l a k e  I 

t r a n s g r e s s i o n  can  be e x p e c t e d  t o  produce  a n  upwardly-f in ing  

' sequence  of sed iments  on t h e  s u b s i d i a r y  d e l t a ,  on t h e  f l o o r  a 

o f  t h e  d e l t a  t r e n c h ,  and, if t h e  s t r e a m  aggrades  o u t  of t h e  
I 

d e l t a  t r e n c h ,  on t h e  upper  r e a c h e s  of t h e  p a r e n t - d e l t a  p l a i n .  

The t r a n s g r e s s i o n a l  p r o g r e s s i o n  of sed iments  d e p o s i t e d  on t h e  
1 

lower  r e a c h e s  of t h e  p a r e n t - d e l t a  p l a i n  and on h i g h s t a n d i n g  



t r ench  t e r r r a c e s ,  on t h e  o the r  hand, i s  marked by an abrupt 

change--from vegetated topse t  sediments, t o  s i l ts  brought t o  

t h e  newly-inundated sur face  by hypopycnal stream flow. 

I t  i s  l i k e l y  t h a t  minor stream progradation ( i . e .  

d e l t a i c  sedimentation) w i l l  occur pe r iod ica l ly  during a l ake  

t ransgress ion .  Three d i s ' t i nc t ive  a n c i l l a r y  d e l t a i c  forms 

r e s u l t :  When progradation occurs while t h e  stream s t i l l  

occupies t h e  d e l t a  t rench t h e  product i s  an " inse t  d e l t a w ,  s o  

c a l l e d  because of i t s  r e l a t i o n s h i p  t o  t h e  parent  d e l t a .  

L a t e r a l  development of t h e  i n s e t  d e l t a  is  r e s t r i c t e d  by t h e  

wal ls  of t h e  t rench;  it the re fo re  never assumes t h e  broad, 

a rcua te  form, nor does it develop t h e  widely branching system 

of d i s t r i b u t a r i e s ,  t y p i c a l  of G i l b e r t ' s  normal d e l t a .  A 

s i n g l e  l ake  t ransgress ion  may produce an e n t i r e  f l i g h t  of 

t h e s e  a n c i l l a r y  f e a t u r e s  i n  t h e  d e l t a  t rench,  each ind iv idua l  

i n s e t  d e l t a  marking t h e  approximate e l eva t ion  of t h e  l ake  

su r face  a t  a time of high sediment delivery--a time most 

l i k e l y  coincident  with an annual peak i n  stream inflow. When 

short-term sediment y i e l d  is  high, o r  when t h e  lake  

s t a b i l i z e s ,  al lowing d e l t a i c  sedimentation t o  proceed a t  one 

e leva t ion  f o r  a prolonged period of time, an i n s e t  d e l t a  may 

prograde s u b s t a n t i a l l y .  It i s  a t  these  t imes t h a t  t h e  stream 

i s  most l i k e l y  t o  f i l l  a  por t ion  of t h e  d e l t a  t r ench  with 

sediment and prograde onto t h e  p l a i n  of t h e  parent  d e l t a .  An 

i n s e t  d e l t a  t h a t  formed within t h e  d e l t a  t rench on Rush Creek 



i n  1982-84 i s  shown on Photo 7a.  

I f ,  dur ing  a l a k e  t r a n s g r e s s i o n  o r  s t i l l s t a n d ,  s t ream 

p rog rada t ion  occurs  on t h e  s u r f a c e  of t h e  paren t -de l ta  p l a i n ,  

t h e  r e s u l t  is  an "onset  d e l t a " .  Unconstrained by t r e n c h  

w a l l s ,  t h e  onse t  d e l t a ,  under i d e a l  condi t ions ,  assumes a 

broad,  a r c u a t e  form t h a t  crowns t h e  p l a i n  of  t h e  p a r e n t  

del ta .  Streamflow i s  spread  over  t h e  s u r f a c e  o f  t h e  
,,. 

prograd ing  onse t  d e l t a  amOhg a network of  d i s t r i b u t a r i e s .  

Th i s  i d e a l  form i s  seldom a t t a i n e d ,  however; u n l i k e  t h e  

i n s e t  d e l t a ,  which forms i n  an  environment p r o t e c t e d  from 

waves and s h o r e l i n e  c u r r e n t s ,  t h e  onse t  d e l t a  may be 

modified--in most ca ses  even prevented  from forming--by waves 

and l i t t o r a l  c u r r e n t s .  

Should t h e  l a k e  r i s e  h igh  enough t o  submerge t h e  e n t i r e  

p l a i n  of t h e  unconfined pa ren t  de-l ta and f lood  a p o r t i o n  of 

t h e  t runk-s t ream canyon, s t ream prograda t ion  might occur  on 

t h e  conf ined  p o r t i o n  of t h e  pa ren t  d e l t a .  Under t h e s e  

c i rcumstances  t h e  s t ream produces a "confined-onset 

deltan--simply,  an  onse t  d e l t a  b u i l t  w i th in  t h e  con f ines  of 

t h e  t r u n k  s t ream canyon. The confined-onset d e l t a  i s  

i d e n t i c a l  i n  form t o  t h e  i n s e t  d e l t a ;  on ly  t h e i r  p o s i t i o n s  

r e l a t i v e  t o  t h e  pa ren t  d e l t a  d i s t i n g u i s h  t h e  two f e a t u r e s .  

B u i l t  as it i s  wi th in  t h e  s lackwater  environment of t h e  t r u n k  

s t r e a m  canyon, t h e  confined-onset d e l t a  i s  a r e l a t i v e l y  
m 

p e r s i s t a n t  f e a t u r e ,  p r o t e c t e d  from modi f ica t ion  o r  



d e s t r u c t i o n  by waves and l i t t o r a l  c u r r e n t s .  A conf ined-onset  

delta i s  shown on Photo 6a. 

from t h e  t runk-s t ream canyon and r e t u r n s  t o  a l e v e l  

approx imat ing  t h a t  of  t h e ' l o w  s t a n d  described above. Retreat 

of t h e  l a k e  f o r c e s  t h e  stream t o  i n c i s e  t h e  conf ined-onset  

del ta ,  c r e a t i n g  e r o s i o n a l . : t e r r a c e s  t h a t  e x t e n d  some d i s t a n c e  

up t h e  t r u n k  s t r e a m  canyon. If t h e  conf ined-onset  delta l i e s  

o n l y  a s h o r t  d i s t a n c e  up t h e  canyon t h e  debris e x c a v a t e d  

d u r i n g  i t s  i n c i s i o n  i s  washed o u t  o n t o  t h e  unconf ined p l a i n  

of t h e  p a r e n t  d e l t a ,  where it i s  d i s p e r s e d  by waves a n d  

l o n g s h o r e  c u r r e n t s .  I f  t h e  conf ined-onset  delta l ies  fa r  up  

t h e  canyon, on t h e  o t h e r  hand, t h e  p roduc t  of i ts  i n c i s i o n  

may accumula te  i n  t h e  lower r e a c h e s  o f  t h e  c u t  as one  or more 

f i l l s  t h a t  become terraced w i t h  c o n t i n u e d  s t r e a m  i n c i s i o n .  

Examples o f  such  " i n s e t  r e g r e s s i v e  f i l l  terracesn can  be 

found on a l l  t h e  major  s t r e a m s  a t  Mono Lake (see pg. 297) .  

P r e s e n t l y ,  t h e  d e c l i n i n g  l a k e  margin r e o c c u p i e s  the  

p l a i n  o f  t h e  p a r e n t  d e l t a .  The c o u r s e  t h a t  t h e  stream 

f o l l o w s  as t h e  l a k e  recedes a c r o s s  t h e  p l a i n  i s  c o n t i n g e n t  on 

t h e  p r e s e n c e  or absence  of a d e l t a  t r e n c h .  I f  t h e  t r e n c h  

produced d u r i n g  t h e  p r e v i o u s  lowstand remains  u n f i l l e d  d u r i n g  

t h e  l a k e  r e c e s s i o n ,  t h e  stream i s  l i k e l y  t o  reoccupy t h e  

e x i s t i n g  def i le .  I n  such  a c a s e  t h e  d r o p  i n  l a k e  l e v e l  may 



b r i n g  about reexcava t ion  of  t h e  o l d  d e l t a  t r e n c h  and 

reoccupa t ion  of t h e  o l d  s u b s i d i a r y  d e l t a .  I f  t h e  t r e n c h  h a s  

been f i l l e d  w i th  sediment, on t h e  o t h e r  hand, t h e  stream 

assumes a course  a c r o s s  t h e  s u r f a c e  of t h e  d e l t a  p l a i n .  When 

t h e  l a k e  f a l l s  below t h e  b r i n k - o f  t h e  p l a i n ,  t h e  s t ream c u t s  

a new d e l t a  t r e n c h  and d e p o s i t s  a new s u b s i d i a r y  d e l t a .  

. Examples of  bo th  ca ses  can be seen a t  Mono Lake. It * 

w i l l  be demonstrated t h a t % o n  both  Lee Vining and M i l l  c r eeks ,  

t h e  present-day d e l t a  t r e n c h  occupies  v i r t u a l l y  t h e  same 

p o s i t i o n  t h a t  it d i d  dur ing  o t h e r  l a t e  Holocene low s t ands .  

On t h e  Rush Creek d e l t a ,  i n  c o n t r a s t ,  t h e  s t ream followed a 

cou r se  roughly 1 km west 05 i t s  present-day p a t h  u n t i l  

s h o r t l y  a f t e r  600 yea r s  ago ( s e e  d i scuss ion ,  pg. 265) . 
Remnants of t h e  paleo- t rench and t h e  pa leo-subs id ia ry  d e l t a  

from t h i s  t ime  are p i c t u r e d  on Photo 6a. 

Because t h e  s t ream i s  prone t o  i n c i s e  du r ing  a l a k e  

r e c e s s i o n ,  and i s  t h e r e f o r e  t y p i c a l l y  l aden  wi th  d e t r i t u s ,  

channe l  p rog rada t ion  ( i . e .  d e l t a i c  sedimentat ion)  may occur  

o f t e n  as t h e  l a k e  recedes  from i t s  h igh  s t a n d .  Thus, onse t  

d e l t a s  and confined-onset  d e l t a s ,  (and, i f  the s t ream 

reoccup ie s  a d e l t a  t rench ,  i n s e t  d e l t a s )  w i l l  l i k e l y  form i n  m 

t h e  cou r se  of t h e  l a k e  r eces s ion .  A drop i n  l a k e  l e v e l  may 

b r i n g  about t h e  d e p o s i t i o n  of a cha in  of  t h e s e  s n c i l l b r y  I 

forms, each one composed i n  p a r t  of sediment de r ived  from t h e  - - 
i n c i s i o n  of i t s  an tecedents .  



Whether o r  n o t  it r e s u l t s  i n  a c t u a l  stream p r o g r a d a t i o n ,  

d e p o s i t i o n  of  a l l u v i u m  a t  t h e  margin o f  t h e  s h r i n k i n g  l a k e  

e f f e c t i v e l y  raises t h e  e l e v a t i o n  and f l a t t e n s  t h e  g r a d i e n t  o f  

t h e  channe l  bot tom immediately lakeward o f  t h e  s t r e a m  mouth. 

Ongoing r e c e s s i o n ,  t h e n ,  c o n t i n u a l l y  exposes  a f r e s h  d e p o s i t  

th rough  which t h e  s t r e a m  k t  c u t .  I n  t h i s  way t h e  stream 

becomes "locked" i n  i t s  own d e p o s i t s  d u r i n g  a l a k e  

r e g r e s s i o n .  A s  l o n g  a s . . t h e  l a k e  c o n t i n u e s  t o  recede toward  

t h e  b r i n k  o f  t h e  p a r e n t  d e l t a  p l a i n ,  t h e n ,  b i f u r c a t i o n  of t h e  

s t r e a m  i n t o  a  widely-branching sys tem of d i s t r i b u t a r i e s  i s  

p r e v e n t e d .  

D e p o s i t i o n  of c o a r s e  f l u v i a l  debris on t h e  d e l t a  d u r i n g  

t h e  l a k e  r e c e s s i o n  i s  t h u s  c o n f i n e d  t o  t h e  g e n e r a l  v i c i n i t y  

o f  a  s i n g l e  t r u n k  s t r eam.  T h i s  a r e a  of  f l u v i a l  a c t i v i t y  i s  

d e s i g n a t e d  t h e  "ac t ive1* p o r t i o n  o f  t h e  d e l t a .  While a l l u v i u m  

may r e a c h  o t h e r  a r e a s  o f  t h e  d e l t a  s u r f a c e  t h r o u g h  t h e  agency 

o f  l i t t o r a l  c u r r e n t s ,  t h e s e  a r e a s  are n o t  undergoing d e l t a i c  

s e d i m e n t a t i o n ,  and  t h e r e f o r e  are c o n s i d e r e d  t h e  n p a s s i v e n  

p o r t i o n s  o f  t h e  d e l t a .  A c r o s s  s e c t i o n  t h r o u g h  a n  i d e a l i z e d  

l a k e - r e g r e s s i v e  sequence  of sed iments  on t h e  a c t i v e  p o r t i o n  

of t h e  de l ta  would r e v e a l  a n  upward c o a r s e n i n g  o f  

debris--from f i n e  l a c u s t r i n e  d e t r i t u s ,  t o  r i v e r i n e  s a n d s  a n d  

g r a v e l s ,  and  f i n a l l y  t o  c o a r s e  a l luvium;  a s i m i l a r l y  i d e a l  

s e c t i o n  t h r o u g h  t h e  p a s s i v e  p o r t i o n  would d i s p l a y  l a c u s t r i n e  

sed iments  c o a r s e n i n g  upward i n t o  l i t t o r a l  d e t r i t u s .  



$ 
As time progresses the del ta  becomes a complex of 

principle ( i . e .  parent) and anci l lary (e.g. onset, inse t ,  

t subsidiary, and confined-onset) components, re f lec t ing  

multiple cycles of lake r i s e  and f a l l .  The sum of these 

components i s  here called an "endoreic de l ta  complexn. I f  
'-, 

used without a qualifying adjective, t h i s  phrase i s  intended 

t o  include a l l  components of a del ta ,  regardless of age. In 

some instances it may be desirable t o  r e s t r i c t  discussion t o  

a par t icular  portion of the endoreic delta-complex. In such I 

cases it w i l l  be necessary.to apply aq appropriate adjective 
' m 

(e.g. a "Holocene endoreic delta-complexn). 

c S e W t a t F M  i n  a 

e l v  F l u c t u a u -  -- Smmuy and Cn- 

The model outlined above seeks t o  describe i n  general 

terms the basic geomorphic forms and the  sedimentary 

s t ructures  and sequences tha t  characterize Gilbert-type 

de l tas  b u i l t  i n to  widely f luctuating sal ine lakes. It 

iden t i f i e s  dif ferent  anci l lary de l t a i c  features, and names 

them on the basis of t h e i r  relat ionship t o  the primary 

component--the so-called "parent de l t an .  These anci l lary 

components include the following: 



--The delta trench i s  a channel i n c i s e d  i n t o  t h e  parent  

d e l t a  by t h e  t runk stream. It is produced i n  response t o  a 

drop i n  l ake  l e v e l  t o  below t h e  e l eva t ion  of t h e  parent-del ta  

p l a i n .  Since it forms i n  s t a g e s  a s  t h e  lake  seasonal ly - 

s t a g g e r s  t o  lower e levat ions ,  i t s  banks may be l i n e d  wi th  

e r o s i o n a l  "trench te r races" ,  each ind iv idua l  t e r r a c e  graded 

t o  a lower l e v e l  of t h e  lake .  Unt i l  it r e f i l l s  with 

sediment, t h e  d e l t a  trench.profoundly inf luences  stream 

depos i t ion ,  a c t i n g  a s  a catchment f o r  a l l  bu t  t h e  f i n e s t  

alluvium, and thus  preventing t h e  spread of coarse sediment 

onto t h e  p l a i n  of t h e  parent  d e l t a .  

--The subsidiary delta abuts  t h e  f r o n t  of t h e  parent  

d e l t a  a t  t h e  mouth of t h e  d e l t a  t rench.  It is composed i n  

l a r g e  p a r t  of d e b r i s  excavated during t h e  c u t t i n g  of t h e  

t r ench .  Like t h e  d e l t a  t rench,  it forms i n  s tages ,  each 

success ive  s t a g e  continuous with a lower t rench-terrace.  

A s  a p r a c t i c a l  matter ,  an indiv idual  d e l t a  can be both 

pa ren t  and subs id iary .  A t  Mono Lake, f o r  ins tance ,  t h e  

Holocene d e l t a s  on Rush, M i l l ,  and Lee Vining creeks are a t  

t h e  same time t h e  s u b s i d i a r i e s  of t h e  l a r g e r ,  higher,  l a t e  

P le i s tocene  d e l t a s ,  and t h e  pa ren t s  of  t h e  lower, smaller,  

p resen t ly -ac t ive  subs id iary  d e l t a s .  

--The i n se t  delta forms within t h e  confines  of t h e  

d e l t a  t rench.  During t imes of lake  s t a b i l i t y  and/or high. 

stream discharge,  an i n s e t  d e l t a  may prograde out  of t h e  



t r e n c h  t o  form an onse t  d e l t a  (see below).  

--The onse t  d e l t a  forms on the p l a i n  of the p a r e n t  d e l t a  

d u r i n g  a l a k e  t r a n s g r e s s i o n  o r  s t i l l s t a n d .  I t  i s  

c h a r a c t e r i z e d  by a widely-branching system o f  d i s t r i b u t a r i e s .  

Unl ike  the  a n c i l l a r y  del taic  f e a t u r e s  depos i t ed  w i t h i n  t h e  

c o n f i n e s  of  the d e l t a  t r e n c h  and t h e  t r u n k  stream canyon, t h e  

o n s e t  delta is s u b j e c t  t o  modi f ica t ion ,  and even 

o b l i t e r a t i o n ,  by l i t t o r a l '  p rocesses .  

--The confined-onset  d e l t a  i s  a f e a t u r e  o f  t h e  t r u n k  

stream canyon. Like t h e  i n s e t  d e l t a ,  it is p r o t e c t e d  from 

waves and s h o r e l i n e  c u r r e n t s ,  and i s  t h e r e f o r e  a r e l a t i v e l y  

p e r s i s t e n t  f e a t u r e .  

--The i n s e t  r e g r e s s i v e  fill t e r r a c e  forms i n  the canyon 

o f  t h e  t r u n k  s t ream as t h e  l a k e  r e t r e a t s  from a 

conf ined-onset  d e l t a .  It is comppsed o f  a l luvium excavated 

by t h e  i n c i s i n g  s t ream dur ing  t h e  r eces s ion .  

I n  d i s c u s s i n g  i n s e t ,  onse t ,  and confined-onset  d e l t a s ,  

t h e  term "delta" is used advised ly .  Because each o f  t h e s e  

f e a t u r e s  is  b u i l t  on to  a  g e n t l y  s l o p i n g  su r f ace ,  it must 

prograde f o r  some d i s t a n c e  b e f o r e  developing a steep f r o n t  

a g a i n s t  which foreset beds may accumulate. The  l a k e  s u r f a c e  

may n o t  spend s u f f i c i e n t  t i m e  a t  one e l e v a t i o n  f o r  t h i s  t o  

occur .  A t r i p a r t i t e  s t ruc tu re - - the  d i a g n o s t i c  t r a i t  of a 

Gi lbe r t - t ype  del ta-- then,  is  n o t  n e c e s s a r i l y  a c h a r a c t e r i s t i c  

o f  t h e  onse t ,  i n s e t ,  o r  confined-onset  d e l t a s ;  it can, 



however, be  taken  a s  a s i g n  of  prolonged development o f  each 

of t h e s e  f e a t u r e s .  

The model invokes a hypo the t i ca l  sequence of l a k e  

r e c e s s i o n s  and t r a n s g r e s s i o n s  t o  d e s c r i b e  t h e  e v o l u t i o n  o f  an  

i d e a l i z e d  "endoreic  delta-complex". Va r i a t i ons  i n  t h e  rate, 

t iming,  magnitude and progress ion  of a c t u a l  l a k e  l e v e l  

f l u c t u a t i o n s  w i l l  b r ing  about d e v i a t i o n s  from t h e  s t a t e d  

p a t t e r n  of d e l t a  e v ~ l u t i o n . ~  Tremendous v a r i e t y  i n  t h e  

degree  of development o f ,  and t h e  i n t e r r e l a t i o n s h i p s  between, 

t h e  d i f f e r e n t  geomorphic and sedimentary components o f  an 

endore i c  delta-complex i s  t h u s  t o  be  expected.  This  v a r i e t y  

i s  made ev iden t  i n  t h e  fol lowing d e s c r i p t i o n  of t h e  Holocene 

endore i c  delta-complexes on Rush, M i l l  and Lee Vining c reeks .  

av - - of t h e  M ~ n n  L a k e D e l t .  

t i r n .  Throughout La te  P l e i s t o c e n e  (Wilson 

Creek) t ime ,  when Lake R u s s e l l  s t ood  many hundreds of feet 

h ighe r  t han  t h e  l a k e  s u r f a c e  of today,  g l a c i o f l u v i a l  

sediments accumulated a t  t h e  mouths of t h e  major t r i b u t a r y  

s t reams,  forming massive d e l t a s  up t o  thousands of h e c t a r e s  

i n  e x t e n t .  The advent of r e l a t i v e l y  x e r i c  c l i m a t i c  

cond i t i ons  some 12,000 yea r s  ago forced  a r a p i d  r eces s ion  o f  

t h e  l ake .  I n  response t o  t h e  drop i n  base  l e v e l  t h e  

t r i b u t a r y  s t reams i n c i s e d  t h e s e  highstanding d e l t a s ,  

r e d e p o s i t i n g  t h e  a l luvium a t  t h e  receding s h o r e l i n e  as  a 



--- 

descending f l i g h t  of  s u b s i d i a r y  d e l t a s .  Seve ra l  of t h e  

ea r ly - s t age  s u b s i d i a r y  f e a t u r e s  p e r s i s t  today  on Rush,. M i l l ,  

and Lee Vining c reeks .  A l l  t h r e e  s t reams d i s p l a y  s u b s i d i a r y  

d e l t a s  graded t o  l a k e  e l e v a t i o n s  of approximately 6685 f e e t ,  

6580 f e e t ,  and 6505 feet; bo th  L e e  Vining and M i l l  Creeks 

show an a d d i t i o n a l  ea r ly -s tage  s u b s i d i a r y  d e l t a  graded t o  a 

l a k e  e l e v a t i o n  of  about 6615 feet. E ros iona l  s t ream t e r r a c e s  

a s s o c i a t e d  wi th  each of.. t h e s e  s u b s i d i a r y  d e p o s i t s  l i n e  t h e  

w a l l s  of t h e  e a r l y  Holocene d e l t a  t r enches ,  f u r t h e r  marking 

pauses  i n  t h e  l a k e  r eces s ion  o f  e a r l y  Holocene t i m e 6  (Photos 

6a, 8a and b, and 9 a ) .  

Trenching of t h e  l a t e  P le i s tocene  d e l t a s  on Rush, M i l l ,  

and L e e  Vining c reeks  culminated i n  t h e  d e p o s i t i o n  of  t h e  

prominent Holocene d e l t a s  t h a t  p ro t rude  i n t o  Mono Lake today  

(Figure  2 ) .  These "Mono Lake d e l t a s n 7  are s u b s i d i a r y  f e a t u r e s  

wi th  r e s p e c t  t o  t h e i r  l a t e  P l e i s t o c e n e  (Lake Russe l l )  

an t eceden t s .  Because t h e y  have been t h e  f o c i  o f  d e l t a i c  

sed imenta t ion  i n  Holocene t ime,  however, t h e y  are p r o p e r l y  

cons idered  t h e  pa ren t  d e l t a s  of Mono Lake. 

S ince  t h e i r  depos i t i on  perhaps  10,000 y e a r s  ago t h e  

p a r e n t  d e l t a s  of Mono Lake have undergone r epea t ed  ep isodes  

of  t r e n c h i n g  and inunda t ion .  D e l t a i c  landforms t h a t  might be  

used t o  i l l u m i n a t e  t h e  l a k e  f l u c t u a t i o n s  of e a r l y  and middle 

Holocene t i m e  have been e i t h e r  bur ied ,  o r  des t royed  by 



--- 
eros ion .  Only those f e a t u r e s  of t h e  p a s t  4000 years  a r e  

a c c e s s i b l e  today. 

unconfined por t ion  of t h e  Holocene parent  d e l t a  on Rush Creek 

forms a roughly a rcua te  depos i t  of approximately 110 ha t h a t  
., 

r a d i a t e s  northward from an i l l -de f ined  apex a t  an e leva t ion  

of around 6450 f e e t  (see index map, P l a t e  2). The parent  

de l t a -p la in  descends lak&ard a t  an average gradient  of about 

1%. A t  an e l eva t ion  of approximately 6400 f e e t  t h e  d e l t a  

p l a i n  gives way t o  t h e  r e l a t i v e l y  s t eep ly  s loping  (-15-20%) 

d e l t a  f r o n t .  

While t h e  Holocene parent  d e l t a s  on Lee Vining and M i l l  

c reeks  a r e  composed almost exc lus ive ly  of alluvium derived 

from t h e  S i e r r a  Nevada, t h e  Rush Creek d e i t a  conta ins  

s u b s t a n t i a l  amounts of d e t r i t u s  eroded from p y r o c l a s t i c  

d e p o s i t s  e j e c t e d  from t h e  Mono Cra ters .  P a r t i c u l a r l y  during 

t h e  p a s t  600 years,  Rush Creek has c a r r i e d  l a r g e  amounts of 

l i g h t ,  e a s i l y  e rod ib le  pumice sand, cobbles, and boulders  t o  

i t s  d e l t a ,  accounting f o r  a sedimentation r a t e  many t imes 

t h a t  seen on M i l l  and Lee Vining creeks.  

The major a n c i l l a r y  f e a t u r e s  of t h i s  delta--the l a r g e s t  

of t h e  Mono Lake deltas--were descr ibed and i l l u s t r a t e d  above 

i n  t h e  d iscuss ion  of d e l t a i c  sedimentation. These inc lude  a 

d e l t a  t rench with t rench t e r r a c e s ,  a subs id iary  d e l t a ,  an 

i n s e t  d e l t a ,  and a confined-onset d e l t a ,  a s  wel l  as a 



pa leo - subs id i a ry  d e l t a  and a paleo- t rench.  I n  a d d i t i o n  t o  

t h e s e  major a n c i l l a r y  forms a r e  s e v e r a l  minor f e a t u r e s  t h a t  

can be r e l a t e d  t o  t h e  l a k e  f l u c t u a t i o n s  of h i s t o r i c  t ime .  

The h i g h e s t  of  t h e s e  minor f e a t u r e s  is  an onse t  d e l t a  t h a t  

l i e s  a t  an  e l e v a t i o n  of  approximately 6426 f e e t .  Th i s  sma l l  

d e l t a ,  which has  been l a r g e l y  des t royed  by s t ream p l a n a t i o n '  4 

and i n c i s i o n ,  was depos i ted  dur ing  t h e  f ive-year  p e r i o d  of  

r e l a t i v e  l a k e  s t a b i l i t y  . immediately fo l lowing  1919, t h e  yea r  - 
of  t h e  H i s t o r i c  High S tand . .  

I 

The decade of r a p i d l y  d e c l i n i n g  l a k e  l e v e l s  t h a t  began 

i n  1925 co inc ided  with  ( indeed,  was brought about by) a - 
p e r i o d  o f  low d ischarge  o n . a l l  t h e  t r i b u t a r y  s t reams.  The 

sma l l  q u a n t i t y  of a l luvium depos i t ed  a t  t h e  mouth of  Rush 

Creek du r ing  t h i s  pe r iod  was overwhelmed by longshore  

c u r r e n t s .  The l a k e  r eces s ion  of t h e  1920s and '30s i s  t h u s  m 
- ,  

marked on ly  by smal l  l i t t o r a l  embankments on t h e  Rush Creek 
m 

d e l t a  

The h igh  s t ream f lows of 1938 fo rced  a r i s e  i n  l a k e  
' I  

l e v e l  s u f f i c i e n t  t o  o b l i t e r a t e  t h e  s h o r e l i n e  embankments 

d e p o s i t e d  du r ing  t h e  prev ious  s i x  yea r s .  For t h e  nex t  decade - 
s t reamflow remained s u b s t a n t i a l ,  s t a b l i z i n g  t h e  l a k e  and 

p e r m i t t i n g  a l luvium t o  accumulate a t  an e l e v a t i o n  of 

, approximate ly  6417 f e e t .  This  d e b r i s  p e r s i s t s  today a s  a 

prominent embankment O n  t h e  p l a i n  of t h e  Rush Creek d e l t a .  



Between 1948 and 1966 t h e  Los Angeles Department of 

Water and Power d i v e r t e d  v i r t u a l l y  t h e  e n t i r e  f low of  Rush 

Creek i n  a l l  b u t  two years--1952 ( l ake  e l e v a t i o n  = 6408 f e e t )  

and 1958 ( l a k e  e l e v a t i o n  = 6402 f e e t )  . On both occasions  

depos i t i on  o f  a l luvium a t  t h e  mouth of t h e  s t ream r e s u l t e d  i n  

t h e  c o n s t r u c t i o n  of onse t . ' de l t a s .  Remnants of  t h e s e  onse t  

d e l t a s  p e r s i s t  today d e s p i t e  l i t t o r a l  and f l u v i a l  

modi f ica t ion .  The continued drop i n  l a k e  l e v e l ,  coupled with  

t h e  r e l e a s e s  of water i n  1967, 1969, and 1980, i n s t i g a t e d  t h e  

c u t t i n g  of t h e  d e l t a  t r e n c h  and t h e  depos i t i on  of  t h e  

s u b s i d i a r y  d e l t a ,  as descr ibed  above and i l l u s t r a t e d  on 

Photos 6a-c. 

S t r a t i g r a p h y  of t h e  Holocene d e l t a  on Rush Creek is  

i l l u s t r a t e d  on P l a t e  2 and d i scussed  i n  Chapters  3 and 4.  

The unconfined pa ren t  d e l t a  on Lee Vining Creek (see index 

map, P l a t e  3 )  covers  approximately 70 ha. Except f o r  i ts 

smaller s i z e ,  and t h e  absence of a l luvium de r ived  from t h e  

Mono C r a t e r s ,  t h e  Lee Vining Creek d e l t a  i s  similar  t o  i ts 

coun te rpa r t  on Rush Creek. Its p l a i n  s l o p e s  g e n t l y  (-2.5%) 

lakeward, dropping o f f  t o  t h e  s t e e p e r  d e l t a  f r o n t  (-15% 

g r a d i e n t )  a t  an  e l e v a t i o n  of around 6398 f e e t .  The h i s t o r y  

of f low a long  Lee Vining Creek s i n c e  1919 i s  s i m i l a r  t o  t h a t  

of  Rush Creek. The e l e v a t i o n s  of b a r s  and onse t  d e l t a s  

depos i t ed  on Lee Vining Creek s i n c e  1919 a r e  t h e r e f o r e  



analagous t o  those  on t h e  Rush Creek d e l t a .  

Like t h e  Holocene Rush Creek d e l t a ,  t h e  Lee Vining d e l t a  

i s  b i sec ted  by a  t rench t h a t  was carved i n  1967. 1969, and 

1980, a s  Mono Lake decl ined due t o  water d ivers ions .  This 

t rench,  t h e  t r ench  t e r r a c e  of 1967-69, and t h e  a c t i v e  and 

abandoned l a t e  Holocene subs id iary  d e l t a s  of Lee Vining Creek 

a r e  shown on Photo 8c. 

In  add i t ion  t o  t h e s e  h i s t o r i c  a n c i l l a r y  d e l t a i c  f e a t u r e s  

on Lee Vining Creek a r e  t w o p r e - h i s t o r i c  confined-onset 

d e l t a s  and assoc ia ted  f i l l - t e r r a c e s .  The lowest of t h e s e  

f e a t u r e s  was deposi ted when t h e  lake  s tood a t  an e l eva t ion  of II 

6456 f e e t ;  t h e  higher  one. i s  graded t o  a  lake  sur face  of - 
6499 f e e t .  The importance of these  f e a t u r e s  i n  cons t ruc t ing  

a  p r e h i s t o r i c  l ake  f l u c t u a t i o n  curve i s  discussed 
I 

subsequently.  

P l a t e  3 i l l u s t r a t e s  t h e  s t r a t ig raphy  of var ious sec t ions  - 
exposed along t h e  wal ls  of t h e  d e l t a  t r ench  on Lee Vining 

Creek. These s e c t i o n s  a r e  discussed i n  Chapters 4 and 5. I 

. The 
I 

smal les t  of t h e  Gilber t- type d e l t a s  of Mono Lake l i e s  a t  t h e  

mouth of M i l l  Creek (Photos 9a and b; see a l s o  index map, 

P l a t e  4 ) .  The p l a i n  of t h i s  fan-shaped deposi t  s lopes  

lakeward a t  a g rad ien t  of approximately 2 .5%.  A t  an 

e l eva t ion  of 6390 f e e t  t h e  gradient  increases  ab rup t ly  t o  



around  8%. 

The n a t u r e  and h i s t o r y  of t h e  major  a n c i l l a r y  f e a t u r e s  

a s s o c i a t e d  w i t h  t h i s  -50 h a  delta a r e  s i m i l a r  t o  t h o s e  on 

Rush and L e e  Vining c r e e k s ,  though,  u n l i k e  t h e  t h e s e  larger 

f e a t u r e s ,  t h e  M i l l  Creek d e l t a  i s  c u t  by two t r e n c h e s .  The 

e a s t e r n m o s t  o f  t h e s e  is  c o n s i d e r e d  t h e  "normaln channe l  of 

t h e  s t r eam;  t h e  wes te rn  t r e n c h  r e p r e s e n t s  t h e  a v u l s i o n  

channe l  t h a t  was c u t  i n  1'969, when h i g h  f lows  backed up  

beh ind  t h e  c u l v e r t  a t  t h e  "Cemetery Road" c r o s s i n g ,  f o r c i n g  

t h e  s t r e a m  t o  hop i t s  banks.  The same sequence  of e v e n t s  l e d  

t o  t h e  r e o c c u p a t i o n  of t h e  a v u l s i o n  channe l  i n  1980 a n d  1986. 

Photos  9a and b i l l u s t r a t e  t h e  d e l t a  t r e n c h  t h a t  w a s  c u t  

d u r i n g  t h o s e  y e a r s ,  and t h e  s u b s i d i a r y  d e l t a  t h a t  formed a t  

t h e  mouth o f  t h e  t r e n c h .  

A s  on t h e  o t h e r  s t r eams ,  a sequence of l a k e - r e c e s s i o n a l  

berms and  o n s e t  d e l t a s  on M i l l  Creek r e c o r d s  t h e  d e c l i n e  i n  

l a k e  l e v e l  from t h e  H i s t o r i c  High S tand .  These f e a t u r e s  are 

more numerous on t h e  M i l l  Creek d e l t a  t h a n  on t h e  o t h e r  

s t r e a m s ,  however, owing t o  t h e  f a c t  t h a t  wa te r  h a s  flowed 

down M i l l  Creek i n  v i r t u a l l y  eve ry  y e a r  s i n c e  1919.9 

The s t r a t i g r a p h y  exposed i n  t h e  M i l l  Creek d e l t a  

t r e n c h e s  i s  i l l u s t r a t e d  on P l a t e  4 and d i s c u s s e d  i n  C h a p t e r s  



4 and 5 .  



B. LITTORAL AND LAKE BOTTOM SEDIMENTATION 

Away from the deltas,  along open stretches of the  l a t e  

Holocene shorelands, sedimentation during the past 4000 years 

has been dominated al ternately  by longshore and deep-water 

processes. Sequences o f ' l i t t o r a l  and lacustr ine sediments 

encountered i n  dozens of shallow excavations and i n  one 

10-meter core have been used t o  corroborate, and i n  some 

cases c la r i fy ,  the lake level  fluctuations inferred from 

other l ines  of evidence. The nature of l i t t o r a l  and 

lacustr ine sediments a t  Mono Lake, the processes tha t  lead t o  

t h e i r  deposition, and the use of al ternating sequences of 

these sediments i n  constructing a lake level  curve, a re  the 

subjects of t h i s  section. 

During l a t e s t  Pleistocene time, when tongues of i ce  l a s t  

f i l l e d  the canyons of the Mono Sierra, lake bottom 

sedimentation a t  pluvial Mono Lake (Lake Russell) was 

dominated by glacio-lacustrine processes. Cold, proglacial 

streams carr ied outwash t o  the lake margin. There, each 

stream dropped the coarse fraction of i t s  load, then flowed 

on along the  lake bottom as  a si l t- laden hyperpycnal current.  



The g l a c i a l  s i l t  accumulated on t h e  f l o o r  of Lake Russe l l  t o  

a th ickness  of between 20 and 50, f e e t ,  forming t h e  Wilson 

Creek Formation of La j o i e  (1968) . 
The c l i m a t i c  ameliorat ion of e a r l y  Holocene t ime 

brought s i g n i f i c a n t  changes i n  t h e  mode of l a c u s t r i n e  

depos i t ion  a t  Mono Lake. Warmer temperatures wasted t h e  

S i e r r a n  g l a c i e r s ,  t hus  e l iminat ing  t h e  major supply of sil t  
,,. 

t o  t h e  l a k e a s  t r i b u t a r y  '.streams, and forced a drop i n  l ake  

l e v e l ,  concent ra t ing  t h e  lake s a l t s  i n t o  an inc reas ing ly  

b i t t e r  b r i n e .  The demise of t h e  g l a c i e r s  and t h e  shrinkage 
I 

of t h e  l ake  combined t o  reverse  t h e  f l u i d  d e n s i t i e s  t h a t  had 

permi t ted  t h e  hyperpycnal d i spe r s ion  of s i l t  along t h e  lake  
I 

f l o o r .  Since e a r l y  Holocene time, when t h e  su r face  of Mono 

Lake neared e leva t ions  approximating those  of t h e  h i s t o r i c  
I 

per iod ,  t h e  t r i b u t a r y  streams have en te red  t h e  l ake  a s  

hypopycnal ( sur face)  cu r ren t s ,  dumping t h e i r  now-meager loads  I 

of s i l t  i n  c lose  proximity t o  t h e  stream mouth. By perhaps 
I 

10,000 yea r s  ago, g l a c i a l  s i l t  was no longer  an important 

component of lake-bottom deposi t ion a t  Mono Lake. 
I 

With t h e  onset  of Holocene hydrocl imatic  condi t ions,  a 

h i g h l y  f loccu la ted ,  biogenic ooze became t h e  dominant depos i t  = 

of t h e  deep-lake f l o o r .  Microscopic examination of t h i s  

b iogenic  mud, o r  ses ton ,  shows t h e  f r u s t u l e s  of diatoms t o  be I 

abundant. N o  taxonomic work was conducted on t h e  diatoms. - 
t h a t  compose t h e s e  profundal muds, though Lovejoy and Dana 



(1976)  have l i s t e d  t h e  spec ies  t h a t  cu r ren t ly  inhab i t  t h e  

lake.  lo 

The Holocene bottom mud is  t y p i c a l l y  black t o  

olive-green when unoxidized. I t  oxidizes  r ap id ly  t o  l i g h t  

grey o r  white. Temporal a s  wel l  a s  small-scale s p a t i a l  

f a c t o r s  apparent ly  inf luence bedding, s i n c e  i n  some a r e a s  of 

t h e  l ake  t h e  mud may be laminated while a contemporary 
I * .  

depos i t  not  f a r  away appears massive. Where present ,  t h e  

laminat ions sometimes suggest varving, though t h e  "varvesN, 

i f  r e a l ,  a r e  not  continuous enough e i t h e r  s p a t i a l l y  o r  

temporally t o  be of use i n  da t ing  t h e  f l u c t u a t i o n s  i n  lake  

l e v e l  i n f e r r e d  here .  

The profundal muds t h a t  have accumulated during Holocene 

time a r e  composed pr imar i ly  of c l ay .  Coarser sediments, 

however, have found t h e i r  way onto t h e  l ake  f l o o r .  These 

sediments a r e  of four  types:  

1 )  Tephra d e p o s i t s  from e rup t i ons  o f  t h e  Mono C r a t e r s  

and t h e  Mono i s l a n d s .  On numerous occasions during l a t e  

Holocene t ime volcanic  e rupt ions  have spread t ephra  onto t h e  

l ake  f l o o r .  This ma te r i a l  ranges i n  s i z e  from s i l t y  ash  t o  

blocks with dimensions measured i n  meters. Tephra u n i t s  

encountered i n  l a t e  Holocene sediments a r e  discussed i n  

g r e a t e r  d e t a i l  i n  Sect ion E of t h i s  chapter .  

2 )  Depos i t s  o f  sand and gravel  t h a t  r e s u l t  from 

avalanches and d e b r i s  f lows down canyons t r i b u t a r y  t o  t h e  



e 
l ake .  During t o r r e n t i a l  r a i n  storms i n  the  Mono S i e r r a ,  

d e b r i s  flows move down t h e  s t e e p  canyons of t h e  i n t e r m i t t e n t  
I 

streams t r i b u t a r y  t o  Mono Lake's Western Embayment. Sediment 

mobilized during t h e s e  events  t y p i c a l l y  accumulates a s  an - 
a l l u v i a l  fan  a t  t h e  mouth of each canyon. 

These course sediments occas ional ly  reach  t h e  l a k e  

margin, then  flow i n t o  deeper water a s  a t u r b i d i t y  cu r ren t .  

Such sediment may r e a c h . t h e  l a k e  bottom more r e a d i l y  dur ing  

t imes  of high l ake  l e v e l s ,  wnen t h e  shore impinges on t h e  

canyon mouths o r  t h e  a t tendant  fans,  than  when t h e  l a k e  i s  

low and f a r  from t h e  source of debr i s .  The r e s u l t i n g  m 

d e p o s i t s  t a k e  t h e  form of clayey sands, sandy c lays ,  o r  
,- 

grave l s  and sands, i n  o thewise-c layey depos i t s  of t h e  l a k e  - 
bottom. I n  t h i s  same manner sediment c a r r i e d  from t h e  I 

S i e r r a n  escarpment by snow avalances might make i ts  way i n t o  

t h e  deep water of t h e  lake.  

3) G r a n i t i c  and metamorphic boulders  depos i ted  by 

r o c k f a l l s  off t h e  S ie r ran  escarpment. Boulders of S i e r r a n  

o r i g i n  dot  t h e  shorelands of t h e  Western Embayment, and a r e  

occas ional ly  encountered i n  excavat ions along t h i s  shore.  

These c l a s t s  owe t h e i r  ex i s t ence  t o  r o c k f a l l s  o f f  t h e  s t e e p  
(I 

e a s t e r n  escarpment of t h e  S i e r r a  Nevada. 

4 )  S i l t s  deposi ted by winds dur ing  t i m e s  o f  low l a k e  L 

l e v e l s .  During per iods  of atmospheric turbulance,  l a r g e  , 

L 

plumes of d e f l a t e d  si l ts  a r e  c a r r i e d  over and deposi ted i n t o  



t h e  lake .  These dus t  storms a r e  undoubtedly most common a t  

t imes of low lake  l eve l s ,  when lake-bottom sediments are 

exposed and sub jec t  t o  wind erosion.  Wind-blown silts may 

f i n d  t h e i r  way i n t o  deep water of  t h e  lake.  

5 )  Grave l s  and sands depos i t ed  i n  sha l low wa te r  by 

l i t t o r a l  p r o c e s s e s .  Waves!and longshore c u r r e n t s  i n s t i g a t e d  - 

by winds t r a n s p o r t  d r i f t  along t h e  l i t t o r a l  zone o f  Mono 

Lake. These shallow-lake d e p o s i t s  are t h e  s u b j e c t  of t h e  

paragraphs t h a t  follow. 

-e currents. The winds of t h e  Mono Basin propel  

longshore c u r r e n t s  t h a t  e n t r a i n  sediment and d i s t r i b u t e  it 

along t h e  l a k e  margin a s  embankments and s h e e t s  of l i t t o r a l  

d r i f t .  The  d i s t r i b u t i o n  and provenence of d r i f t ,  toge the r  

with information obtained from a e r i a l  photographs, were used 

t o  t r a c e  t h e  d i r e c t i o n  of p reva i l ing  c u r r e n t s  around t h e  

shores  of  Mono Lake. Major f e a t u r e s  of t h e  c u r r e n t  system, 

as d iscussed  below, are i l l u s t r a t e d  on Figure 14 .  

Perhaps t h e  most e a s i l y  t r a c e a b l e  of t h e  p r e v a i l i n g  

l i t t o r a l  c u r r e n t s  occurs along t h e  l a k e ' s  sweeping nor thern  

shore.  There, berms and s p i t s  composed p r imar i ly  of c inder  

eroded from t h e  f l anks  of Black Point  can be t r a c e d  eastward 

from t h e  cone f o r  up t o  1 0  km, a t t e s t i n g  t o  t h e  clockwise 

movement of l i t t o r a l  waters i n  t h i s  s e c t i o n  of t h e  lake.  
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Rgurr 14. Prevailing Illtual and aeolian curranln 
d Iha Mono Basin. 



On t h e  sou thern  margin o f  Black Po in t  is a pronounced 

i n f l e c t i o n  i n  t h e  s h o r e l i n e  ( l a b e l e d  llxw on F igu re  1 4 )  t h a t  

r e p r e s e n t s  a p o i n t  of d iverg ing  l i t t o r a l  flow. E a s t  of  t h i s  

p o i n t  t h e  c u r r e n t s  move i n  t h e  manner desc r ibed  above. To 

t h e  west of  p o i n t  "x" a counterclockwise backse t  eddy, 

appa ren t ly  induced by onshore f low of  wind a g a i n s t  t h e  s t e e p  

southwestern  f l a n k  of  t h e  volcano, has  b u i l t  s m a l l  

embankments of  b a s a l t i c  c i n d e r  t h a t  can be fol lowed westward 

i n t o  t h e  Western Embayment. This  backse t  eddy, i l l u s t r a t e d  

on Photos 10a and b, may d i sappear  when a drop i n  l a k e  l e v e l  

causes  t h e  s h o r e l i n e  t o  withdraw some c r i t i ca l  d i s t a n c e  from 

t h e  f l a n k  o f  Black Po in t .  

A s i m i l a r  backse t  eddy forms o f f  t h e  s o u t h e a s t e r n  sho re  

of Black Po in t  when t h e  l ake  s u r f a c e  drops  below an  e l e v a t i o n  

of  approximately  6390 f e e t .  A t  t h i s  l e v e l  p o r t i o n s  o f  t h e  

"Negit l andbr idgen  begin t o  p r o j e c t  above t h e  l a k e  su r f ace ,  

induc ing  t h e  eddy by d e f l e c t i n g  t h e  u s u a l  nor theastward f l o w  

of s u r f a c e  waters. 

Prominent berms and b a r s  composed of r i v e r i n e  d e t r i t u s  

reworked from Rush Creek, and of  pumice sand eroded from t h e  

. b u l k y  d e p o s i t  of Mono C r a t e r s  t e p h r a  j u s t  e a s t  of  t h a t  s t ream 

( p o i n t  "xx" on F ig .  1 4 )  p r o j e c t  westward i n t o  t h e  Horse Creek 

Embayment. These same clockwise c u r r e n t s  t r a n s p o r t  r i v e r i n e  

cobbles ,  g r a v e l s  and sand from Lee Vining Creek i n t o  t h e  

Western Embayment--an a r e a  of g e n e r a l l y  f e e b l e  longshore  



f low.  

Along t h e  s o u t h e a s t e r n  margin o f  t h e  l a k e  t h e  p r e v a i l i n g  

c u r r e n t s  f l o w  coun te rc lockwise ,  c a r r y i n g  r h y o l i t i c  pumice 

s a n d  and  g r a v e l  e roded  from d e p o s i t s  o f  Mono C r a t e r s  t e p h r a .  

Bars  and  b e r m s  of t h i s  pumiceous d r i f t  e x t e n d  n o r t h  a n d  

e a s t w a r d  from Navy Beach f o r  a d i s t a n c e  o f  o v e r  15 km. 

A s w i f t  c u r r e n t  sweeps from sou thwes t  t o  n o r t h e a s t  

t h r o u g h  t h e  Negit-Paoha s t r a i t s .  T h i s  c u r r e n t  i s  s t r o n g  

enough t o  b u i l d  berms of v o l c a n i c  b o u l d e r s  and  c o b b l e s  on the  

n o r t h e r n  e n d  of t h e  l a r g e r  i s l a n d .  

The l o n g s h o r e  c u r r e n t s  of Mono Lake, l i k e  t h e  winds t h a t  

st ir  them, are v a r i a b l e .  Evidence of o c c a s i o n a l  r e v e r s a l s  i n  

c u r r e n t  d i r e c t i o n  a r e  found i n  many areas. Subdued b a r s  a n d  

berms composed of r i v e r i n e  sediment  c a n  b e  t r a c e d  a s h o r t  

d i s t a n c e  southward  from b o t h  Lee Vin ing  and  Rush c r e e k s ,  f o r  

i n s t a n c e ,  i n d i c a t i n g  t h e  e x i s t e n c e  of a n  o c c a s i o n a l  

c o u n t e r c l o c k w i s e  c u r r e n t  i n  t h i s  r e g i o n  o f  t h e  l a k e .  

es of -re drift. I n  a d d i t i o n  t o  t h e  major  

s o u r c e s  o f  l i t t o r a l  d r i f t  p r e v i o u s l y  mentioned ( i .e.  Black 

P o i n t ,  t h e  major  t r i b u t a r y  s t r e a m s ,  a n d  t h e  prominent  

d e p o s i t s  o f  Mono C r a t e r s  t e p h r a )  a r e  s e v e r a l  minor s o u r c e s .  

These i n c l u d e  t h e  i n t e r m i t t e n t  t r i b u t a r y  s t r e a m s  t h a t  d r a i n  

t h e  a n d e s i t i c  Bodie H i l l s ,  and  d e p o s i t s  o f  u n c o n s o l i d a t e d  

s e d i m e n t s  a g a i n s t  which t h e  l a k e  margin o c c a s i o n a l l y  impinges  

( e . g .  c l i f f s  of Wilson Creek Format ion  a l o n g  t h e  e a s t e r n  



s h o r e l a n d s ) .  Many of t h e s e  sources  of l i t t o r a l  d r i f t ,  l i k e  

s e v e r a l  of  t h e  l i t t o r a l  c u r r e n t s  d i scussed  above, are 

a f f e c t e d  by changes i n  l ake  l e v e l .  A rise o r  f a l l  i n  s u r f a c e  

e l e v a t i o n  may i n c r e a s e  t h e  supply of  sediment t o  c u r r e n t s  

a long  one shore  whi le  decreas ing  it elsewhere.  When t h e  

s u r f a c e  of  t h e  l a k e  d e c l i n e s  t o  below 6401 f e e t ,  f o r  example,. 

t h e  r e g r e s s i n g  s h o r e l i n e  l o s e s  con tac t  w i t h  the f l a n k s  of  

Black Poin t ,  c u t t i n g  o f f  t h e  supply of  b a s a l t i c  c i n d e r  t o  t h e  

c u r r e n t  system. When t h e  s u r f a c e  e l e v a t i o n  of  t h e  l a k e  

exceeds approximately 6435 f e e t  t h e  s h o r e l i n e  t a k e s  a s h a r p  

n o r t h e r l y  bend j u s t  east of Black Poin t ,  c r e a t i n g  an  

embayment ( t h e  Dechambeau Ranch Embayment--see F igu re  2 )  t h a t  

is bypassed by l i t t o r a l  c u r r e n t s .  Beach d e p o s i t s  o f  Black 

Po in t  c inde r  a long  t h e  nor thern  sho re  are t h u s  restricted t o  

a well-defined band t h a t  l i es  between e l e v a t i o n s  o f  6401 and 

about 6435 f e e t  (Photos l l a  and b ) .  A t  l a k e  e l e v a t i o n s  above 

and below t h i s  band of c inde r ,  t h e  l i t t o r a l  d r i f t  a long  t h e  

no r the rn  shore  i s  composed p r i m a r i l y  of a n d e s i t i c  sand 

t r a n s p o r t e d  t o  t h e  l a k e  margin from t h e  Bodie H i l l s  by 

Rancheria, Br idgeport ,  and Cottonwood c reeks .  

The amount of sediment d e l i v e r e d  t o  l i t t o r a l  c u r r e n t s  by 

t h e  major t r i b u t a r y  s t reams i s  a l s o  a func t ion  of  l a k e  l e v e l .  

A s  long  as t h e  l a k e  margin occupies  t h e  g e n t l y  s l o p i n g  p l a i n s  

of  t h e  (untrenched) pa ren t  d e l t a s ,  a s  it does between 



e leva t ions  of roughly 6400 and 6450 f e e t ,  l i t t o r a l  c u r r e n t s  

can rework newly deposi ted stream sediment and t r a n s p o r t  it 

t o  d i s t a n t  po in t s  around t h e  lakeshore.  I f  t h e  l ake  r i s e s  

above t h e  p l a i n  of t h e  parent  d e l t a ,  o r  drops below it, t h e  

supply of stream sediment t o  t h e  system of longshore c u r r e n t s  

i s  e f f e c t i v e l y  e l iminated . '  In  t h e  former ins tance  t h e  stream 

load accumulates i n  t h e  canyon of t h e  t runk stream, away from 

t h e  d i r e c t  inf luence of l i t r o r a l  processes;  i n  t h e  case  of a 

lake drop, t h e  g r e a t  bulk of t h e  stream sediment f a l l s  o f f  

t h e  d i s t a l  margin of t h e  parent  d e l t a  i n t o  deep water, beyond 

t h e  reach of waves and cur ren t s .  While a drop i n  l a k e  l e v e l  

t o  below t h e  sur face  of t h e  d e l t a  p l a i n  depr ives  t h e  current. 

of f reshly-deposi ted stream sediment, it allows t h e  lake  

margin t o  impinge on and erode t h e  s t e e p  de l t a - f ron t ,  t hus  

e s t a b l i s h i n g  a new source of l i t t o r a l  d r i f t .  

I I th of l-al W s l t  I=. On numerous occasions 

during t h e  summers of 1980 and 1981 it was poss ib le  t o  

e s t ima te  t h e  depth t o  which l i t t o r a l  sands were deposi ted.  

These measurements were taken immediately a f t e r  windstorms 

severe  enough t o  s t i r  whitecaps on t h e  su r face  of t h e  lake .  

A t  t h e  t ime of each measurement t h e  lake was known t o  be 

lower than it had been f o r  a t  l e a s t  130 years ,  thus  a s su r ing  

t h a t  t h e  l i t t o r a l  depos i t s  found i n  shallow water a long t h e  

l ake  shore were thoroughly modern. Fine sand was t y p i c a l l y  

found t o  a depth of l e s s  than one meter, though i n  one 



i n s t a n c e  it could be found t o  a dep th  of  approximately 1.3 

meters .  L i t t o r a l  sand might f i n d  i t s  way i n t o  deeper  water 

dur ing  t imes  of  very  seve re  winds; as a rough estimate, 

then ,  t h e  maximum depth of  sand d e p o s i t i o n  by l i t t o r a l  

c u r r e n t s  a t  Mono Lake i s  taken  t o  be  approximately 1.5 

meters. S i l t  t r a n s p o r t e d  by l i t t o r a l  c u r r e n t s  and as 

a i r b o r n e  plumes dur ing  wind storms may f i n d  i ts way i n t o  

deeper  water .  , - .  

sands. I n  stream 

c u t s ,  as wel l  as i n  p i t s  excavated a long  t h e  western  and 

southwestern sho res  of t h e  l a k e ,  it i s  common t o  encounter  

shallow-water d e p o s i t s  of a l g a l  saprope l .  These 

orange-to-brown a l g a l  mats t y p i c a l l y  con ta in  f r i a b l e ,  

carbonaceous o o l i t i c  sand t h a t  is  e a s i l y  crushed between t h e  

i n c i s o r s .  The saprope l  and oo id  l a y e r s  are t aken  t o  i n d i c a t e  

shallow-water cond i t i ons  (American * ~ e o l o ~ i c a l  I n s t i t u t e ,  

1 9 7 2 ) .  A t  Mono Lake t h e  o o l i t i c  sands  are i n v a r i a b l y  found 

e i t h e r  over- o r  under lying l i t t o r a l  sands; a l g a l  mats can b e  

found i n  s i m i l a r  d e p o s i t i o n a l  environments, as w e l l  as i n  t h e  

s i l t y  lagoonal  d e p o s i t s  t h a t  accumulate behind (landward o f )  

b a r r i e r  b a r s .  

Se~ypnces Of Littor- - Andot- Sediments 

Curve 

During a drop i n  l a k e  l e v e l  t h e  r e g r e s s i n g  s h o r e l i n e  



spreads l i t t o r a l  d r i f t  over muds t h a t  formerly c o n s t i t u t e d  

t h e  deep-lake f l o o r .  Subaerial  exposure of t h e s e  depos i t s  

due t o  continued drop i n  l ake  l e v e l  br ings  about des icca t ion  

of t h e  bottom muds and may, under favorable  circumstances, 

permit co loniza t ion  by vegetat ion,  leading  t o  t h e  development 

of an organic-r ich s o i l  horizon. During t h e  subsequent r i s e  

i n  l a k e  l e v e l ,  waves and cur ren t s  of  t h e  t r ansgress ing  

shore l ine  rework t h e  beach. depos i t s .  Increasing depth of 

water over newly-inundated shorelands permits  t h e  depos i t ion  

of progress ive ly  f i n e r  debr is ,  c r e a t i n g  an upwardly-fining 

sequence of sediments. A t  a lake  depth of  approximately f i v e  

f e e t  ( see  above) l i t t o r a l  depos i t ion  ceases  and accumulation 

of biogenic  ooze resumes. It i s  t h i s  depos i t iona l  response 

t o  changes i n  l ake  l e v e l  t h a t  makes sedimentary sequences of 

t h e  shorelands a p o t e n t i a l l y  valuable  i n d i c a t o r  of l a k e  

f l u c t u a t i o n s  . 
Based on t h e  cursory observat ions of t h e  depth t o  which 

sand can be deposi ted by waves and l i t t o r a l  c u r r e n t s  ( see  

above),  a l a y e r  of l i t t o r a l  sand ly ing  between lake-bottom 

muds can t e n t a t i v e l y  be taken a s  evidence t h a t  t h e  . l ake  . 
margin dropped t o  within f i v e  f e e t  of t h e  sand laye;. (Care 

must be taken t o  assure  t h a t  t h e  sands were indeed depos i ted  

l i t t o r a l l y ,  r a t h e r  than a s  a t u r b i d i t e  t h a t  o r i g i n a t e d  a s  an 

avalanche o r  a mudflow; o the r  evidence of a l i t t o r a l  

environment, e .g .  o o l i t i c  sands, would provide such 



assurance.)  I f  t h e  sands occurred i n  a s soc ia t ion  with a 

humic horizon, o r  i f  they  were found t o  o v e r l i e  des icca ted  

lake-bottom muds, it could beconcluded t h a t  t h e  l ake  margin 

f e l l  below t h e  e l eva t ion  of t h e  l i t t o r a l  sands. 

It must be borne i n  mind t h a t  even under i d e a l  

condi t ions,  with an unlimited number of excavations 

ava i l ab le ,  t h e  range of depths (up t o  o r  beyond f i v e  f e e t )  to 

which l i t t o r a l  sand can be-.deposited would make it impossible 

t o  r e l a t e  a l i t t o r a l  deposi t  t o  a p r e c i s e  shore l ine  

e l eva t ion .  (Furthermore, c o n s t r a i n t s  of time and impediments 

t o  digging--e.g. f looding of t h e  p i t  due t o  t h e  tapping of an 

aqu i fe r ,  encountering boulders,  etc.--commonly prevent  t h e  

excavation of an " idea ln  network of p i t s . )  Sequences of 

shoreland sediments a r e  nevertheless  of tremendous importance 

i n  developing t h e  Mono f luc tua t ion  curve. They provide a 

valuable  check on lake  f luc tua t ions  i n f e r r e d  from o t h e r  l i n e s  

of evidence, and i n  t h e  absence of o the r  information, may 

provide t h e  b e s t  approximation of lake  behavior. I n  t h e  

p resen t  s tudy information gathered from shoreland p i t s  was 

found t o  be i n  p e r f e c t  agreement with conclusions drawn from 

. o t h e r  l i n e s  of evidence. Furthermore, t h e  shoreland p i t s  

provide important c l a r i f i c a t i o n  of lake  f l u c t u a t i o n s  t h a t  

occurred during t h e  per iod from about 2000 t o  1500 years  

ago--a span of time f o r  which t h e  d e l t a i c  sediments, 

geomorphic evidence, and vegetat ion evidence provide an 



imperfect view. 

from& m. Severa l  dozen shallow - 

(C 2.5-m deep) p i t s  were excavated on t h e  l a t e  Holocene 

shorelands.  S ix  of these ,  s e l e c t e d  on t h e  b a s i s  of t h e i r  

c l a r i t y  (e .g .  r e l a t i v e  lack of b io tu rba t ion) ,  and t h e  

presence of u n i t s  t h a t  c a d  be used as a b a s i s  f o r  c o r r e l a t i o n  

and chronometric con t ro l ,  are i l l u s t r a t e d  on P l a t e  5. Note 

t h a t  t h e  sur face  e l e v a t i o n ' o f  most of t h e  p i t s  l i e s  below 

6390 f e e t .  This i s  because land  l y i n g  above t h i s  e l eva t ion  

has spent  considerable  t ime above l ake  l e v e l ,  a l lowing 

b io tu rba t ion  t o  render t h e  s t r a t i g r a p h i c  record  

indecipherable .  The s t r a t i g r a p h y  from each of t h e s e  

excavations i s  discussed i n  Chapters 3 and 4 .  



C .  GEOMORPHOLOGY OF THE LATE HOLOCENE SHORELANDS 

Eros iona l  and d e p o s i t i o n a l  landforms t h a t  owe t h e i r  

e x i s t e n c e  t o  t h e  a c t i o n  of waves and c u r r e n t s  a t  o r  n e a r  t h e  

margin o f  Mono Lake can b e l u s e d  i n  a s s o c i a t i o n  wi th  o t h e r  

t y p e s  of  evidence t o  p inpo in t  t h e  e l e v a t i o n  of former h i g h  

s t a n d s  and l o w  s t ands .  A b r i e f  d i s cus s ion  o f  t h e  n a t u r e  and 

d i s t r i b u t i o n  of t h e s e  geomorphic f e a t u r e s  is  p r e s e n t e d  below. 

F i v e  i n t e r r e l a t e d  f a c t o r s  a r e  of o v e r r i d i n g  importance 

i n  c o n t r o l l i n g  t h e  n a t u r e  and d i s t r i b u t i o n  of  l a t e  Holocene 

l i t t o r a l  landforms a t  Mono Lake. These inc lude  t h e  

fol lowing:  

P r e - e x i s t i n g  topography of the l a n d s  a d j a c e n t  t o  the 

shore. Because Mono Lake occupies  a sed imen t - f i l l ed  b a s i n  

whose f l o o r  has  been t r a v e r s e d  many t i m e s  by t h e  zone of 

l i t t o r a l  a g i t a t i o n ,  t h e  l ands  surrounding t h e  l a k e  are 

g e n e r a l l y  of  low g r a d i e n t  and rel ief .  Waves and c u r r e n t s  

a c t i n g  on t h e s e  g e n t l y  i n c l i n e d  shore lands  t y p i c a l l y  b u i l d  a 

beach through depos i t i on  of l i t t o r a l  d r i f t .  The r e s u l t  is  an 

embankment t h a t  t a k e s  t h e  form of e i t h e r  a bar o r  a berm. 

Eros iona l  landforms (i .e.  c l i f f l i n e s  and wave-cut t e r r a c e s )  



associated with the littoral zone are found only where the 

lake abuts steep relief. This occurs in the Western - 
Embayment, where the lake margin contours the front of the 

Sierra Nevada; in the vicinity of Black Point and the 
I 

northernmost Mono Craters, where the lake impinges on 

unconsolidated pyroclastic' deposits; and where the lake laps 

against the fronts of deltas, the flanks of sand dunes, and 

up-faulted blocks of lacustrine sediments (e.g. near Simon's 

Springs) . 
The energy of littoral processes and the erodability of 

the lake-marginal substrate. These two factors work 

hand-in-hand to determine the degree of development of 

shoreline landforms around Mono Lake. In.the Western 

Embayment, for instance, where the littoral zone is typically 

low-energy and the shorelands are composed of resistant 

bedrock, clifflines tend to be inconspicuous and poorly 

developed. In the vicinity of Simon's Springs, on the other 

hand, clifflines are prominent features, reflecting both the 

erodability of the lacustrine sediments that compose the 

lake-marginal substrate, and the relatively high energy of 

the littoral zone in that area. 

The availability of longshore drift. The three factors 

discussed above play an important role in determining the 

availability of littoral drift, and thus greatly affect the 

degree of development of shoreline embankments. Along 



s t r e t c h e s  of l ake  shore  where a  l a r g e  quan t i ty  of  d r i f t  is  

a v a i l a b l e  t o  t h e  cu r ren t  system (e.g. downcurrent from Black 

Point--see d iscuss ion ,  pg. 131-134), embankments t e n d  t o  be 

high and bulky. Por t ions  of  t h e  l a k e  margin t h a t  receive 

only a  meager supply of d r i f t  ( e i t h e r  because t h e y  l a c k  of  a 

d r i f t  source o r  because o f ,  t h e  Geakness of the c u r r e n t s )  a r e  - 

cha rac te r i zed  by puny b a r s  and berms, or ,  i n  extreme cases, 

by an absence of  embankments. The a v a i l a b i l i t y  of  l i t t o r a l  

d r i f t ,  a s  w e l l  a s  s e v e r a l  of  the o t h e r  f a c t o r s  described 

above, a r e  i n  t u r n  d i r e c t l y  a f f e c t e d  by f l u c t u a t i o n s  i n  l a k e  

l e v e l .  

Surface fluctuations of the lake. Fluc tua t ions  i n  l ake  

l e v e l  a r e  of over r id ing  impDrtance i n  understanding the 

d i s t r i b u t i o n  and degree of  development of  s h o r e l i n e  

landforms. The inf luence  of l a k e  f l u c t u a t i o n s  is fourfold:  

F i r s t ,  a  change i n  su r face  e l e v a t i o n  may f o r c e  t h e  l a k e  t o  

impinge on o r  recede from sources  o f  d e t r i t u s ,  t h u s  " tu rn ing  

on" o r  " tu rn ing  o f f w  t h e  supply of  d r i f t .  Secondly, a  r ise 

o r  f a l l  i n  l a k e  l e v e l  may r e s u l t  i n  a  change i n  the 

conf igu ra t ion  of t h e  l ake  margin, c r e a t i n g  o r  e l i m i n a t i n g  

s h o r e l i n e  i r r e g u l a r i t i e s  t h a t  a c t  t o  impede t h e  t r a n s p o r t  of  

l i t t o r a l  d r i f t .  Thirdly,  t h e  dynamics (i.e. t h e  speed, 

magnitude, and s i g n )  of t h e  l a k e  f l u c t u a t i o n  in f luence  t h e  
' 

d i s t r i b u t i o n  and degree of development of d e p o s i t i o n a l  

landforms. Thus, a l ake  margin t h a t  s tands  wi th in  a narrow 



e l e v a t i o n  i n t e r v a l  f o r  a prolonged p e r i o d  of  t i m e  w i l l  

d e p o s i t  a l a r g e r  embankment t han  a r a p i d l y  reced ing  l a k e  

margin, a l l  o t h e r  f a c t o r s  remaining equa l .  A r i s i n g  l a k e  may 

d e p o s i t  an even l a r g e r  embankment, s i n c e ,  du r ing  a l a k e  

t r a n s g r e s s i o n ,  l i t t o r a l  d r i f t  i s  no t  only  t r a n s p o r t e d  

downcurrent, b u t  upslope (landward) as w e l l .  The 

accumulation of  l i t t o r a l  d r i f t  a long t h e  s h o r e  o f  a r i s i n g  

l a k e  t h u s  r e p r e s e n t s  n o t ' o n i y  t h e  d e b r i s  t r a n s p o r t e d  by 

s h o r e l i n e  c u r r e n t s  dur ing  a  s i n g l e  season,  a s  is  t h e  c a s e  

a long  a s t a b l e  l a k e  margin, bu t  a l s o  reworked l i t t o r a l  

sediments c a r r i e d  upslope du r ing  t h e  l a k e  t r a n s g r e s s i o n .  

F i n a l l y ,  a l a k e  s u r f a c e  t h a t  is e i t h e r  d e c l i n i n g  o r  ho ld ing  

s t a b l e  a g a i n s t  s t e e p l y  i n c l i n e d  shore lands  is  capable  of 

e rod ing  only a  narrow wave-cut p la t form.  Width o f  t h e  

p l a t fo rm is l imi ted  because, a s  waves move a c r o s s  it toward 

shore ,  t h e y  expend t h e i r  energy a s  f r i c t i o n a l  d rag  on i t s  

su r f ace .  Once t h e  p l a t fo rm reaches  some c r i t i c a l  width, 

i n s u f f i c i e n t  wave energy remains a t  s h o r e l i n e  t o  accomplish 

f u r t h e r  e r o s i o n  of  t h e  s e a  c l i f f ,  and widening of  t h e  

p la t form ceases .  When t h e  l a k e  r i s e s  a g a i n s t  t h e  

s t e e p l y - i n c l i n e d  s u r f a c e ,  on t h e  o t h e r  hand, waves l o s e  

c o n t a c t  w i th  t h e  ab ra s ion  p la t form and b a t t e r  t h e  c l i f f ,  

caus ing  i ts r e t r e a t .  The waves of a r i s i n g  l a k e  t h u s  c r e a t e  

a r e l a t i v e l y  broad p la t form t h a t ,  depending on t h e  

e r o d a b i l i t y  of t h e  s u b s t r a t e ,  may widen u n t i l  t h e  



transgression ceases. 

T1aI-e - 
Thus far discussion of the geomorphology of the Mono 

shorelands has been restricted to landforms that are strictly 

littoral in origin. Closely related to these longshore 

features are dunes of sand and silt that owe their existence 

to a combination of littoral and aeolian processes. 

Sand dunes have accumulated in a number of environmental 

settings on the late Holocene shorelands of Mono Lake (Figure 

25). Several small dune fields emanate from *withering 

streams". These occur at and down-wind from the point where 

intermittent streamflow, disappearing into a permeable 

substrate, leaves behind a load of deflatable sediments. The 

largest dune field (approximately 200 ha) attributable to 

stream withering occurs on the southeastern shorelands, where 

Dry Creek seeps into the thick mantle of pumice that covers 

this portion of the basin floor. Less extensive dunefields 

of similar origin occur in association with the withering 

Cottonwood Creek, Kirkwood Spring, and "Kirkwood Creekn 

(draining Kirkwood Spring) on the northern shore, and with 

several unnamed streams southeast of the lake. 

Minor accumulations of aeolian sand can also be found at 

the brinks of precipitous cliffs, where winds lose contact 

with the ground surface, instigating deposition of saltating 



eluvium. Examples of "brink dunes" can be found along t h e  

windward (southwestern) l i p  of t h e  f a l s e  summit of Black 

Point  (Lajoie,  1968), along t h e  edge of t h e  c l i f f  a t  Simon's 

Springs,  and along t h e  eas te rn  br ink of t h e  s teep-sided 

Wilson Creek c u t .  

A t h i r d  type of sand dune found on t h e  l a t e  Holocene 

shorelands formed a s  a r e s u l t  of highly l o c a l i z e d  d e f l a t i o n  

of longshore d r i f t .  Dunes of t h i s  s o r t  a r e  t y p i f i e d  j u s t  

west of Bridgeport Creek a t  an e l eva t ion  of approximately 

6499 f e e t .  

The l a r g e s t  dune f i e l d  on t h e  l a t e  Holocene shorelands 

of Mono Lake, and t h e  one t h a t  bears  most d i r e c t l y  on t h e  

f l u c t u a t i o n s  i n  lake  l e v e l ,  covers approximately 2400 ha on 

t h e  nor theas tern  shore.  Here, l i t t o r a l  c u r r e n t s  sweeping 

clockwise from t h e  northwestern lake margin c o l l i d e  with 

counterclockwise cu r ren t s  of t h e  opposi te  shore,  i n s t i g a t i n g  

t h e  depos i t ion  of sand and s i l t ;  t h i s  d r i f t  i s  blown i n t o  

t h e  dunes during t imes of lake  recession.  Lajoie  (1968) 

specula ted  t h a t  t h i s  dune f i e l d  accumulated during 

"Alt i thermal  time"; it w i l l  be demonstrated, however, t h a t  

it formed during t h e  p a s t  3500 years ,  and t h a t  it i s  composed 

of t h r e e  generat ions of dunes, each of which owes i t s  

ex i s t ence  t o  a t ransgress ion  and subsequent recess ion  of t h e  

l ake .  



e s  of t h e  T1ate Holocene Sharelands 

For  purposes of  i l l u s t r a t i n g  t h e  geomorphology o f  t h e  

l a te  Holocene shorelands ,  topographic  p r o f i l e s  were drawn 

a long  t r a n s e c t s  extending from 6365 f e e t  (15 f e e t  below 

present-day l a k e  l e v e l )  t o  6520 f e e t .  Hor izonta l  c o n t r o l  o f  

t h e  p r o f i l e s  i s  based on t h e  7.5 min. USGS topographic  maps, 
- 

and, a t  e l e v a t i o n s  below 6372 f e e t ,  on t h e  bathymetry of  

S c h o l l  and o t h e r s  (1967); ... e l e v a t i o n s  of d e p o s i t i o n a l  and 

e r o s i o n a l  s h o r e l i n e  f e a t u r e s  were determined by ground survey 

us ing  an e n g i n e e r ' s  l e v e l  and rod.  Maximum a l lowable  c l o s u r e  

e r r o r  f o r  t h e s e  surveys  was one f o o t .  F ive  of  t h e  p r o f i l e s ,  

s e l e c t e d  t o  r ep re sen t  t h e  wide v a r i e t y  of  topographic  

c o n d i t i o n s  encountered around t h e  Mono shorelands ,  a r e  shown 

on P l a t e  6. Each i s  d i scussed  below. 

e A t r a v e r s e s  t h e  nor thern  sho re  of  t h e  l a k e  nea r  

Ten-Mile R d  ( P l a t e  6 a ) .  The shore lands  i n  t h i s  v i c i n i t y  are 

i n  many ways t h e  s imples t  a t  Mono Lake, c o n s i s t i n g  o f  a 

g e n t l y  s l o p i n g  l a k e  p l a i n  (-18/1000) of  beach sand, upon 

which l i t t o r a l  embankments have been depos i ted ,  and i n t o  

which two minor notches have been c u t .  Most of t h e s e  

f e a t u r e s  d a t e  from modern t imes,  and can be expla ined  i n  

t e r m s  of  t h e  h i s t o r i c  l a k e  f l u c t u a t i o n  curve.  These 

h i s t o r i c a l  f e a t u r e s  w i l l  be desc r ibed  f i r s t .  

The most prominent d e p o s i t i o n a l  f e a t u r e  a long  P r o f i l e  A 

i s  a 600 m-wide, mul t i -c res ted  embankment of Black P o i n t  



c i n d e r  t h a t  rises from 6401.07 feet  a t  i t s  l akeward  margin ,  

t o  6431.4 feet a t  i t s  uppermost  crest .  E i g h t  s u b s i d i a r y  

crests a s s o c i a t e d  w i t h  t h i s  embankment l i e  a t  e l e v a t i o n s  o f  

6428.9 feet,  6421.25 feet,  6420.5 feet ,  6414.8 f e e t ,  6412.0 

fee t ,  6411.0 feet,  6409.2 fee t ,  and  6402.5 f e e t .  The 

embankment i t s e l f  owes i t s ,  e x i s t e n c e  t o  t h e  r e d e p o s i t i o n  o f  

c i n d e r  e r o d e d  f rom t h e  f l a n k s  of B lack  P o i n t  (see pg .  

131-134) .  Its main crest formed as a s t o r m  berm a t  t h e  t i m e  

the l a k e  r e a c h e d  i t s  H i s t o r i c  High S tand ,  w h i l e  t h e  s e c o n d a r y  

crests are berms t h a t  c o i n c i d e  w i t h  s u b s e q u e n t  s t i l l s t a n d s  of 

t h e  l a k e  ( e . g .  t h o s e  t h a t  o c c u r r e d  i n  1920-24, 1938-47, a n d  

1948-49) ,  a n d  w i t h  s u b s t a n t i a l  rises i n  l a k e  l e v e l  ( i . e .  i n  

t h e  y e a r s  1952-53, and  1957-58) .  

Below a n  e l e v a t i o n  o f  6401.07 f e e t  ( t h e  l e v e l  a t  which 

t h e  l a k e  r e c e d e s  from t h e  f l a n k  o f  B lack  P o i n t ) ,  t e n  t i n y  

l i t t o r a l  embankments composed p r i m a r i l y  o f  a n d e s i t i c  s a n d  

p r o t r u d e  from 5 t o  30 c m  above t h e  l a k e  p l a i n .  The s e d i m e n t  

t h a t  composes e a c h  o f  t h e s e  small bars was c a r r i e d  t o  t h e  

l i t t o r a l  zone by  B r i d g e p o r t  Creek,  a stream t h a t  f l o w s  o n l y  

d u r i n g  p e r i o d s  of storm r u n o f f  a n d  snowmelt .  Each b a r  

c o i n c i d e s  i n  e l e v a t i o n  w i t h  a s p r i n g t i m e  l e v e l  o f  t h e  

d e c l i n i n g  l a k e  s u r f a c e .  

The two wave-cut n o t c h e s  l i e  a t  e l e v a t i o n s  of 6390 feet 

a n d  6381 f e e t .  They are  t h e  r e s u l t  o f  s u b s t a n t i a l  rises i n  

l a k e  l e v e l - - t h e  f i r s t  i n  1967-69, and  t h e  second  i n  1982-84. 



These s u b t l e  n o t c h e s  occur  i n  a s s o c i a t i o n  w i t h  conspicuous  

" f l o a t  l i n e s n  o f  d r i f twood ,  v e s i c u l a r  Mono Craters pumice, 

and an th ropogen ic  d e t r i t u s  (Photo  1 2 ) .  T h i s  buoyant  d e b r i s  

s h o a l e d  a t  t h e  s h o r e l i n e  a f t e r  b e i n g  carried t o  t h e  l a k e  by  

t h e  h i g h  f lows o f  t h e  i n c i s i n g  t r i b u t a r y  s t r e a m s  i n  1967-69 

and  1982-84. 

Of p a r t i c u l a r  i n t e r e s t  are t h e  f e a t u r e s  a l o n g  P r o f i l e  A 

t h a t  l i e  above a n d  below t h e  h i s t o r i c  shore lands - - tha t  is, 

t h e  f e a t u r e s  t h a t  formed i n  p r e - h i s t o r i c  t ime .  The lowest o f  

t h e s e  i s  a b r e a k  i n  s l o p e  a t  an  e i e v a t i o n  o f  6368 feet .  T h i s  

n ick-point  was f i rs t  i d e n t i f i e d  by  S c h o l l  and others (1967) 

i n  1964, d u r i n g  t h e i r  b a t h y m e t r i c  su rvey  o f  t h e  l a k e .  They 

n o t e d  t h a t  t h e  b r e a k  i n  s l o p e  marks t h e  ' lower edge  of a 

t e r r a c e  t h a t  e x t e n d s  around much o f  t h e  l a k e .  The f e a t u r e  

was c a l l e d  t h e  "25-foot t e r r a c e "  by S c h o l l ,  because  it s t o o d  

under  approx imate ly  25 f e e t  o f  wa te r  a t  t h e  t i m e  of t h e  

b a t h y m e t r i c  su rvey .  T h i s  t e r r a c e ,  t h e  d i s t a l  margin o f  which 

i s  t o d a y  found under  approx imate ly  17 f e e t  o f  wa te r ,  i s  

h e r e i n  c a l l e d  t h e  "Scho l l  t e r r a c e " .  S c h o l l  and  h i s  

co-workers s p e c u l a t e d  t h a t  it formed a s  a r e s u l t  o f  a d e c l i n e  

i n  l a k e  l e v e l  d u r i n g  t h e  p u t a t i v e  l l A l t i t h e r m a l  i n t e r v a l n  some 

4000-7000 y e a r s  ago; it w i l l  b e  shown subsequen t ly ,  however, 

t h a t  t h e  t e r r a c e  was a c t u a l l y  c u t  approx imate ly  1800 y e a r s  

ago  d u r i n g  a r i s e  i n  l a k e  l e v e l .  

Three l a t e  Holocene berms a r e  found above t h e  l e v e l  of 



t h e  H i s t o r i c  High S tand .  The l a r g e s t  o f  t h e s e  l i e s  a t  a n  

e l e v a t i o n  o f  6499 f e e t .  T h i s  s t r a n d l i n e  r e p r e s e n t s  t h e  

llDechambeau Ranch High Stand"  (see pg.  220) and, l i k e  many of 

t h e  o t h e r  f e a t u r e s  mentioned above, i s  e x p r e s s e d  i n  one  form 

o r  a n o t h e r  around most of t h e  l a k e  s h o r e .  A s i z a b l e  berm 

l i e s  a t  a n  e l e v a t i o n  of  6456 feet ,  whi le  a somewhat s m a l l e r  

one s t a n d s  a t  approx imate ly  6445 f e e t .  It w i l l  be shown t h a t  

t h e  fo rmer  f e a t u r e  marks t h e  e l e v a t i o n  o f  t h e  "Clover  Ranch 

H i g h  S tand"  o f  220 y r s  BP (see pg.  277) ,  and  t h a t  t h e  l a t t e r  

was produced d u r i n g  t h e  l a k e  r e c e s s i o n  i n  pos t -Clover  Ranch 

t i m e .  
I 

p r o f i l e  9 t r a v e r s e s  t h e  s h o r e l a n d s  o f  the  Western 

Embayment i n  t h e  v i c i n i t y  of t h e  Mono County Marina ( P l a t e  -.. 
1 

6 b ) .  I t  rises g e n t l y  (-18/1000) from t h e  H i s t o r i c  Low S t a n d  

of  6372 feet ,  t h e n  s t e e p e n s  a b r u p t l y  ( t o  66/1000) a t  a n  

e l e v a t i o n  o f  6400 f e e t ,  where it a s c e n d s  t h e  s u r f a c e  o f  a 

s m a l l  a l l u v i a l  f a n .  

Because of  t h e  weak c u r r e n t s  and t h e  d e a r t h  o f  d r i f t  

t h a t  c h a r a c t e r i z e  t h i s  p o r t i o n  o f  t h e  Mono s h o r e l a n d s ,  

l i t t o r a l  embankments a l o n g  P r o f i l e  B a r e  p o o r l y  deve loped .  

Indeed,  o n l y  t h r e e  embankments can  b e  found a l o n g  t h e  e n t i r e  

t r a n s e c t .  The lowes t  of  t h e s e  l i e s  a t  t h e  l e v e l  of  t h e  

H i s t o r i c  High S tand  (6428 f e e t ) .  The h i g h e s t  i s  found a t  

6456 fee t ,  t h e  e l e v a t i o n  of t h e  Clover  Ranch High S t a n d  of 

220 y r s  BP. The t h i r d  berm l i e s  a t  a n  i n t e r m e d i a t e  e l e v a t i o n  



of 6445.5 f e e t ,  and co inc ides  wi th  t h e  post-220 BP 

r e c e s s i o n a l  s h o r e l i n e  d i scussed  under P r o f i l e  A above. 

P r o f i l e  B i n t e r s e c t s  one wave-cut terrace, a f e a t u r e  

corresponding i n  e l e v a t i o n  wi th  t h e  Dechambeau Ranch High 

Stand (6499 f e e t ) .  A t  t h e  p o i n t  of i n t e r s e c t i o n ,  and f o r  

some d i s t a n c e  t o  e i t h e r  s i d e  of t h a t  po in t ,  t h e  terrace i s  

e x p l o i t e d  as a county-road grade.  

( P l a t e  6c) , t r a v e r s e s  Navy Beach on t h e  l a k e ' s  

sou thern  shore .  Gradients  a long  t h i s  p o r t i o n  of t h e  

shorelands  a r e  comparable t o  t h o s e  a long P r o f i l e  B. The 

s u b s t r a t e  i n  t h i s  a r e a  is  composed of Mono Craters t e p h r a  

reworked by waves and l i t t o r a l  c u r r e n t s .  Landforms b u i l t  

from o r  carved i n t o  t h e s e  mainly-pumiceous sands  are e a s i l y  

d e f l a t a b l e ,  and p e r s i s t  on ly  where t hey  have been co lon ized  

by vege ta t i on  o r  cemented wi th  t u f a .  Remnants of  l a r g e  

s h o r e l i n e  embankments depos i t ed  wi th in  h i s t o r i c  t i m e s  are 

found a t  e l e v a t i o n s  corresponding t o  t h e  yea r s  1919, 1938-47, 

1952, 1958, and 1967-69; sma l l e r  embankments l i e  a t  t h e  

1960, 1964, and 1986 l a k e  l e v e l s .  

Above t h e  H i s t o r i c  High Stand a long P r o f i l e  C are f o u r  

. l a r g e  berms t h a t  mark t h e  highstand of 220 yrs BP a n d  t h e  

sho r t - l i ved  r i s e s  o r  s t i l l s t a n d s  t h a t  occur red  du r ing  t h e  

subsequent l a k e  r eg re s s ion .  These l i e  a t  e l e v a t i o n s  of  6431 

f e e t ,  6438 f e e t ,  6447 f e e t ,  and 6456 f e e t .  Shore l ine  

f e a t u r e s  l y i n g  above 6456 f e e t  a long  P r o f i l e  C have been 



bur ied  i n  a i r f a l l  tephra from t h e  most recent Mono Cra ters  

e rupt  ions.  

e Q t r a v e r s e s  t h e  l a k e ' s  e a s t e r n  shore near  

Simon's Springs ( P l a t e  6d), an a rea  t h a t  has been d is turbed  

by u p l i f t  along t h e  Simon's Spring Faul t  (Appendix D). The 

topography along t h e  lower ' reaches of t h e  p r o f i l e  i s  

genera l ly  s i m i l a r  t o  t h a t  along P r o f i l e s  A and C, with berms 

and b a r s  marking t h e  posit-ion of t h e  lake t r ansgress ions  and 

s t i l l s t a n d s  t h a t  have occurred during t h e  p a s t  s e v e r a l  

decades. Below 6412 f e e t ,  where t h e  lake crosses  t h e  f a u l t ,  

l i t t o r a l  embankments are deposi ted onto lakebottom sediments 

of Recent age; above t h a t  e levat ion ,  upfaul ted Wilson Creek 

sediments compose t h e  s u b s t r a t e .  Wave-cut t e r r a c e s  notch t h e  

block a t  6418.0 f e e t ,  6428.40 f e e t ,  6444.0 f e e t ,  and 6455.1 

f e e t ;  t h e s e  e l eva t ions  correspond with, respect ive ly ,  t h e  

s t i l l s t a n d  of 1938-47, t h e  H i s t o r i c  High Stand, a s t r a n d l i n e  

of post-220 BP lake  recession,  and t h e  high s t and  of 220 y r s  

BP. A broad wave-cut t e r r a c e  extends from 6474.35 f e e t  t o  a 

c l i f f l i n e  a t  6 4 9 9  f e e t ,  t h e  e levat ion  of t h e  Dechambeau Ranch 

High Stand. 



D. VEGETATION AS INDICATOR OF LAKE LEVEL FLUCTUATIONS 

Vegetat ion proved t o  be of  major importance i n  

i l l u m i n a t i n g  bo th  t h e  t iming  and t h e  magnitude of the 

p r e - h i s t o r i c  s u r f a c e  f l u c t u a t i o n s  of Mono Lake. For  purposes 

of d i s c u s s i o n  t h i s  evidence i s  d iv ided  i n t o  two themes--dead 

vege ta t i on  o f  t h e  l a t e  Holocene shorelands ,  and l i v i n g  

vege ta t i on  of  t h e  l a t e  Holocene shore lands .  Each is 

d i scussed  i n  t u r n .  

ci  ~ e m - f L 9 ~ o ~ w ~  

Because of  i t s  extreme s a l i n i t y  and a l k a l i n i t y ,  t h e  

water  of Mono Lake i s  h igh ly  t o x i c  t o  v a s c u l a r  p l a n t s .  No 

p l a n t  s p e c i e s  grow wi th in  t h e  lake ,  and any v e g e t a t i o n  

submerged du r ing  a l a k e  t r a n s g r e s s i o n  is  qu ick ly  k i l l e d .  

M o r t a l i t y  o f  vege t a t i on  due t o  a r i s e  i n  t h e  l e v e l  of  t h e  

l a k e  was r epo r t ed  by workers of t h e  l a te  n ine t een th  and e a r l y  

t w e n t i e t h  c e n t u r i e s  (LeConte, 1879; Russe l l ,  1889; 

Huntington, 1917, 1924),  and w a s  observed first hand du r ing  

t h e  t r a n s g r e s s i o n  of 1982-86. 

Most of  t h e  vege ta t i on  k i l l e d  by a rise i n  l a k e  l e v e l  i s  

l i k e l y  t o  be  uprooted by waves and longshore  c u r r e n t s  i n  t h e  

course  of  t h e  t r a n s g r e s s i o n .  (This was c e r t a i n l y  t h e  c a s e  i n  

1982-84.) A few of t h e  dead p l a n t s ,  however, may p e r s i s t  as 

roo ted  snags.  I n  situ remains of t r ees  and shrubs k i l l e d  



dur ing  p r e - h i s t o r i c  l a k e  t r a n s g r e s s i o n s  have been found a t  

many o f  t h e  w e t t e r  l o c a l i t i e s  around t h e  l a k e  sho re .  They 

are most abundant on t h e  p l a i n s  of  t h e  Lee  Vining Creek, M i l l  

Creek and Pos t  Of f i ce  Creek d e l t a s ,  and a long  t h e  sou thern  

sho re  o f  t h e  Western Embayment, where t h e y  number i n  t h e  

hundreds. Dozens more a r e ' f o u n d  i n  a s s o c i a t i o n  w i t h  b u r i e d  

humic hor izons  i n  t h e  subsur face  sedimentary record .  

These stumps can be used i n  s e v e r a l  ways t o  h e l p  

dec ipher  t h e  la te  Holocene s u r f a c e  f l u c t u a t i o n s  o f  t h e  l ake .  

F i r s t ,  each roo ted  derelict prov ides  i r r e f u t a b l e  ev idence  

t h a t  t h e  l a k e  s tood  below t h e  e l e v a t i o n  o f  i t s  b a s e  a t  t h e  

t i m e  o f  growth. Secondly, a count of  t h e  stump's annual  

r i n g s  prov ides  a  measure o f  t h e  minimum amount o f  t ime t h a t  

t h e  l a k e  s tood  below t h a t  e l e v a t i o n .  Thi rd ly ,  radiocarbon 

a n a l y s i s  of  wood from t h e  stump e f f e c t i v e l y  d a t e s  t h e  l a k e  

lowstand.  F i n a l l y ,  i f  t h e  stump i s  found i n  a s s o c i a t i o n  wi th  

evidence of a s h o r e l i n e  t r a n s g r e s s i o n ,  d e a t h  of t h e  p l a n t  may 

reasonably be a t t r i b u t e d  t o  inunda t ion  by a  r i s i n g  lake;  i n  

t h i s  c a s e  radiocarbon a n a l y s i s  of o u t s i d e  r i n g s  p rov ides  a 

d a t e  on t h e  l a k e  t r a n s g r e s s i o n  t h a t  k i l l e d  t h e  p l a n t .  

Radiocarbon ana lyses  were conducted on wood from t h e  o u t e r  

r i n g s  of 1 2  stumps roo ted  a t  v a r i o u s  l o c a l i t i e s  on t h e  

western  sho re  of Mono Lake. These d a t e s ,  t o g e t h e r  w i th  t h e  

l o c a t i o n s  and b a s a l  e l e v a t i o n s  of t h e  stumps from which they  

were der ived ,  a r e  l i s t e d  i n  Table 2 .  



I n  a t  l e a s t  two i n s t a n c e s  t rees k i l l e d  by t h e  l a k e  

t r a n s g r e s s i o n  of t h e  l a t e  1 9 t h  and e a r l y  2 0 t h  c e n t u r i e s  can  

be used  t o  cast l i g h t  on t h e  p r e - h i s t o r i c  f l u c t u a t i o n  curve .  

On June  7, 1915, geographer  E l l s w o r t h  Hunt ington f e l l e d  a 

mountain mahogany (- l'difolius) t h a t  had  been 

p a r t i a l l y  submerged (and t h u s  k i l l e d )  by a rise o f  Mono Lake - 

d u r i n g  the  p r e v i o u s  y e a r .  H e  found t h e  tree,  which grew 

a l o n g  t h e  wes te rn  s h o r e  o f - t h e  lake ,"  t o  b e  " n e a r l y  150 y e a r s  

old". based  on a count  o f  t h e  a n n u a l  r i n g s  (Huntington. 1917, 

1 9 2 4 ) .  According t o  M r .  Herbert Ga tes  o f  Oakland, 

C a l i f o r n i a ,  who accompanied.Huntington on t h e  t r i p  t o  t he  

Mono Basin,  t h e  b a s e  of  t h e  mountain mahogany w a s  submerged 

i n  two or t h r e e  feet  of  l a k e  wa te r  a t  the  t i m e  o f  t h e  v i s i t  

(quoted  i n  Harding, u n p u b l . ) .  R e f e r r i n g  t o  t h e  hydrograph on 

P l a t e  1, it w i l l  be  s e e n  t h a t  t h e  l e v e l  o f  t h e  l a k e  s u r f a c e  

i n  t h e  s p r i n g  of 1915 was approx imate ly  6425 f e e t , 1 2  

i n d i c a t i n g  t h a t  t h e  t ree was r o o t e d  a t  a n  e l e v a t i o n  of 

between 6422 and 6423 fee t .  Cons ide r ing  t h e  t o x i c i t y  o f  Mono 

w a t e r s ,  t h e  Huntington account  l e a d s  t o  t h e  c o n c l u s i o n  t h a t  

t h e  s u r f a c e  of  t h e  l a k e  d i d  n o t  l i e  above a n  e l e v a t i o n  of 

6422 feet between approx imate ly  1763 and 1914 AD." 

On J u l y  2, 1934, presumably i n  a n  a t t e m p t  t o  c o r r o b o r a t e  

t h e  Huntington account ,  S.T. Harding Cut down a dead mountain 

mahogany from e l e v a t i o n  6422.5 f e e t  on t h e  s h o r e s  of Mono 



Lake. He provided t h e  following desc r ip t ion  of t h e  t r e e  

(Harding, unpub. ) : 

"This t r e e  grew 6 f e e t  above t h e  present  water. It was 
cu t  3 f e e t  above t h e  ground. I t  was t h e  l a r g e s t  t r e e  among 
t h e  group on a po in t  0.15 mile south of Mono P.O. A t r e e  
r i n g  count gave an age of 83 years .  Although t h i s  t r e e  was 
k i l l e d  by a r i s e  i n  l ake  l e v e l  i n  1912 i t s  wood was s t i l l  
dense and hard.  The r ings 'were  not  a l l  d i s t i n c t  due t o  t h e  
slow r a t e  of growth of mountain mahogany. The sec t ion  was 
pol i shed  and o i l e d  and t h e  above r e s u l t  i s  considered 
e s s e n t i a l l y  c o r r e c t .  This t r e e  was about 8 inches i n  
diameter.  " 

The w r i t e r  has come i n t o  possession of t h e  sec t ion  of 

mountain mahogany descr ibed by Harding. He independently 

der ived a  count of 83 r ings .  In  ways t o  be descr ibed 

subsequently, t h i s  t r e e ,  a s . w e l l  a s  t h e  150 year-old speciman 

descr ibed by Huntington, can be used t o  c l a r i f y  radiocarbon 

da tes  from t h e  immediate p re -h i s to r i c  per iod .  

Between 1980 and 1984 t h e  w r i t e r  made r i n g  counts of a  

number of o t h e r  l i v i n g  and dead t r e e s  rooted on t h e  l a t e  

Holocene shorelands.  In  no case,  however, d i d  t h e s e  counts 

con t r ibu te  i n  any s i g n i f i c a n t  way t o  t h e  lake  l e v e l  curve 

der ived  from o the r  l i n e s  of evidence. 

Land exposed during a  lake recess ion  r e t a i n s  f o r  some 
I 

time a s a l i n i t y  and a l k a l i n i t y  t h a t  approaches, o r  i n  some 

cases  even exceeds, t h a t  of t h e  lake  i t s e l f .  S o i l  analyses  
I 



conducted by Professor  Paul  Zinke, U.C. Berkeley, i n  

connection with  Federa l  L i t i g a t i o n  No. S-80-696, U.S.D.C, E.D 

Cal . ,  f o r  i n s t ance ,  show t h a t  l ands  l y ing  below 6428 f e e t  

( i . e .  l ands  covered by t h e  l a k e  wi th in  h i s t o r i c  t ime)  d i s p l a y  

markedly h igher  concen t r a t i ons  of  sodium, as we l l  as a lower 

pH, t h a n  lands  l y i n g  above' l that  e l e v a t i o n  (i.e. l ands  no t  

covered by t h e  l a k e  i n  over  220 years--see d i scuss ion  of 

Huntington's  mountain mahogany above) .  They f u r t h e r  i n d i c a t e  

t h a t  t h e  change i n  t h e  chemist ry  of t h e  s u b s t r a t e  a t  6428 

f e e t  i s  abrupt .  These ana lyses  p o i n t  t o  t h e  e x i s t e n c e  of a 

"chemical s t randl ine"- - tha t  is ,  a former s h o r e l i n e  ( i n  t h i s  

case  t h e  H i s t o r i c  High Stand) d i sce rnab le  on t h e  b a s i s  of 

chemical c h a r a c t e r i s t i c s .  

The r e s i d u a l  sa l ts  and a l k a l i n e  compounds t h a t  

impregnate newly exposed shorelands  prevent  immediate 

co lon iza t ion  by vege ta t i on  (Paul  Zinke, p e r s .  comm.; Dean 

Taylor,  p e r s .  comm. ) . The amount of t ime t h a t  mis t  p a s s  

be fo re  p l a n t s  can grow on t h e s e  lands  is  dependent on, among 

o t h e r  t h i n g s ,  t h e  amount of  f r e s h  water ( i nc lud ing  

p r e c i p i t a t i o n ,  s u r f a c e  water  and groundwater) a v a i l a b l e  t o  

' f l u s h  t h e  t o x i c  so lub le s ,  t h e  permeabi l i ty  of t h e  s u b s t r a t e  

( r e l a t i v e l y  impermeable s u b s t r a t e s  t ak ing .  longer  t o  f l u s h ) ,  

and t h e  s a l i n i t y  and a l k a l i n i t y  t o l e r a n c e  of t h e  v e g e t a t i o n  

i t s e l f .  The p a t t e r n  of vege t a t i on  t h a t  has  become 

e s t a b l i s h e d  on l ands  exposed dur ing  t h e  l a k e  r e c e s s i o n  of t h e  



pas t  s i x  and one-half decades serves t o  i l l u s t r a t e  t h e s e  

f a c t o r s .  That p a t t e r n  i s  conspicuous on a e r i a l  photos from 

1982, seve ra l  of which a r e  included here a s  Photos 13a-e. 

Note on Photo 13a t h a t  t h e  newly exposed lands ( i . e .  those  

exposed s ince  1919) adjacent  t o  t h e  western t h i r d  of t h e  l ake  

(where p r e c i p i t a t i o n  i s  r e l a t i v e l y  high, where su r face  water - 

and groundwater a r e  p l e n t i f u l ,  and where sediments a r e  coarse 

and e a s i l y  f lushed of so lubles)  have been colonized by 

vegeta t ion  near ly  t o  t h e  lake shore.  Newly exposed lands  

along t h e  a r i d  northern (Photo l3b) ,  e a s t e r n  (Photo 13c) ,  and 

southern (Photo 13d) shores of t h e  lake,  on t h e  o t h e r  hand, 

remain barren of vegetat ion except a t  spr ing  s i t e s ,  and where 

ba r s  and berms of sand e levated  above t h e  salt-impregnated 

shorelands provide favorable  h a b i t a t .  

The vegeta t ion  break corresponding t o  t h e  H i s t o r i c  High 

Stand (6428 f e e t )  involves not only a  change i n  vegeta t ion  

dens i ty ,  but  i n  spec ies  composition a s  wel l  (Photo 1 3 e ) .  

Above 6428 f e e t  woody vegetat ion i s  dominated by Great Basin 

1 .  sagebrush (-la t r-t a t  a) ; subdominant shrub spec ies  

on t h e s e  lands include b i t t e r b r u s h  (Purshia tr-), 

d e s e r t  peach (-1, Mormon t e a  (Ea2hdxa 

w), spiny hopsage (Gzayia s ~ i r m W ,  greasewood 

(w) and wild rose ( m a  w o n d u ) .  

Below t h e  H i s t o r i c  High Stand rabbi tbrush (m 
. . 

v a r .  -1 i s  t h e  dominant a rbuscular  



spec ies ;  i n  only  a few s c a t t e r e d  l o c a l i t i e s  can any 

a d d i t i  o n a l  shrub s p e c i e s  be found. l4 

According t o  D r .  Dean Taylor (pe r s .  cornm. 10/1/85) t h i s  

abrupt  break i n  spec i e s  composition a t  t h e  l e v e l  of t h e  

H i s t o r i c  High Stand r e s u l t s  from t h e  above-noted change i n  

t h e  chemist ry  of t h e  s u b s t r a t e  a t  t h a t  e l e v a t i o n .  

Chrv..nthamnlt. ~ . S - S Y S  va r .  consimill+, according t o  D r .  

Taylor,  i s  t h e  on ly  shrub found i n  t h e  b a s i n  t h a t  i s  capable  

of  metabol iz ing i n  t h e  high concen t r a t i ons  o f  r e s i d u a l  salts  

t h a t  c h a r a c t e r i z e  l a r g e  a r e a s  of shore lands  below 6428 f e e t .  

The H i s t o r i c  High Stand i s  not  t h e  on ly  contour  marked 

by an abrupt  change i n  s p e c i e s  composition. Two h ighe r  

breaks--coinciding with  t h e  6456-foot and t h e  6499-foot 

contours--pers is t  on a r e a s  of t h e  l a t e  Holocene shore lands  

t h a t  are c h a r a c t e r i z e d  by r e l a t i v e l y  impermeable s u b s t r a t e s ,  

low p r e c i p i t a t i o n ,  and a d e a r t h  of sur face-  and groundwater. 

It w i l l  be  shown i n  Chapter 3 t h a t  t h e s e  v e g e t a t i o n  breaks  

mark h igh  s t a n d s  of t h e  l a k e  t h a t  occur red  220 y r s  BP and 

approximately 3500 y r s  BP, r e s p e c t i v e l y .  



E. THE VOLCANIC RECORD AND ITS BEARING ON THE 

LATE HOLOCENE FLUCTUATIONS OF MONO LAKE 

- Ejecta from eruptions of the Mono Craters and the Mono 

Islands is encountered frequently in the late Holocene 

sediments of the Mono Basin. These tephra deposits are 

valuable stratigraphic time-lines that can be used to 

bracket, and in some cases pinpoint, the elevation of the 

lake surface at the time of an eruption. The brief 

discussion that follows outlines the late Holocene volcanic 

record of the Mono Basin, and the manner in which tephra 

deposits can be utilized to construct a fluctuation curve for 

late Holocene Mono Lake. 

Laye Holocene EruJt On= of -- 
Volcanic eruptions from the Mono Craters have blanketed 

the surrounding region with rhyolitic tephra four times 

during the past two millennia. The two youngest of these 

widely dispersed ashes--radiocarbon dated at 605 & 20 cal BP 

and 1245 + 50 cal BP l5 (Sieh and Bursick, 1986; Sieh, 1984) 

are encountered frequently in exposures of deltaic and 

shoreland sediments.16 These youngest ashes are readily 

identifiable on the basis of color and stratigraphy, making 

them particularly valuable chronostratigraphic markers. 



The two o lde r  widely-dispersed ashes a r e  found i n  t h e  

s t r a t i g r a p h i c  record r e l a t i v e l y  infrequent ly,  but  a r e  

nevertheless  of considerable importance t o  t h e  present  study. 

Dating of these  t w o  older  tephra u n i t s  i s  problematical:  

Professor  Steve Lund of t h e  University of Southern Ca l i fo rn ia  

(personal  communication, Judy 21, 1986) r e p o r t s  f ind ing  two 

Mono Cra ters  ashes t h a t  a r e  approximately 2000 years  o l d  i n  

cores  taken from nearby Black and S i l v e r  lakes;  Batchelder 's  

core from Black Lake contains  two aphyric  r h y o l i t i c  ashes 

ly ing  above a d a t e  of 2190 A90 y r s  BP (Batchelder, 1 9 7 1 ) .  

Sieh (pers .  commun., 1986) r ecen t ly  dated a Mono Cra te r s  ash  

a t  1610 2 60 y r s  BP, while Wood (1977) discovered a Mono 

Cra ters  ash' which he dated a t  1990 2200 y r s  BP. U n t i l  more 

p r e c i s e  da tes  can be assigned, t h e  two lower tephra  u n i t s  

u t i l i z e d  i n  t h i s  study w i l l  be r e f e r r e d  t o  a s  t h e  ashes of 

1610 y r s  BP, and 1990(?) y r s  BP. 

The u t i l i t y  of t h e  Mono Cra ters  ashes goes beyond t h e i r  

obvious value a s  chronos t ra t igraphic  markers. A i r f a l l  tephra  

deposited beneath t h e  water of t h e  lake can be r e a d i l y  

d is t inguished from ash deposited on land, on t h e  b a s i s  of 

both t h e  cha rac te r  of t h e  ash beds (subaqueously-deposited 

ash t y p i c a l l y  being composed of a compact assemblage of 

undisturbed p laner  beds) ,  and t h e  cha rac te r  of t h e  sediment 

d i r e c t l y  under- and overlying it .  A t  t h e  very l e a s t ,  then, 

each ash provides t h e  p o t e n t i a l  f o r  bracket ing t h e  e l eva t ion  



of t h e  lake su r face  a t  t h e  time of i t s  depos i t ion .  

Furthermore, i f  an ash i s  found t o  compose, o r  be 

i n t e r c a l a t e d  in ,  sedimentary s t r u c t u r e s  c h a r a c t e r i s t i c  of a  

shore l ine  environment, it becomes poss ib le  t o  de f ine  

p r e c i s e l y  t h e  e l eva t ion  of t h e  lake a t  t h e  time of t h e  

erupt ion .  Based on t h e  app l i ca t ion  of t h e s e  p r i n c i p l e s ,  it 

w i l l  be shown t h a t  t h e  lake sur face  stood a t  6406 f e e t  a t  t h e  

time of t h e  erupt ion  of 605 c a l  BP (see pg. 262), and a t  6392 

f e e t  during t h e  erupt ion  of 1245 c a l  BP (pg. 242). 

J*atf= Holocene E=- MnnQ I sla- 

The i s l a n d s  of Mono Lake owe t h e i r  ex i s t ence  t o  t h e  

ep i sod ic  e rupt ion  and shallow in t rus ion  of magma during t h e  

p a s t  2000 years  (Chapter 5 ) .  A t  l e a s t  t h r e e  of t h e s e  

volcanic  events  produced a s h f a l l s ,  one of which (a  s e r i e s  of 

ash  erupt ions  t h a t  accompanied, o r  c lose ly  followed, t h e  

emergence of Paoha I s l and  sometime between 1723 and 1783 

AD--see Chapter 5)  can be used i n  t h e  manner descr ibed above 

t o  p inpoin t  t h e  e l eva t ion  of t h e  lake su r face  a t  t h e  time of 

t h e  erupt ion .  Thus, it w i l l  be shown t h a t  a t  t h e  t ime of t h e  

e rup t ions  from t h e  c inder  cones on Paoha I s l and  t h e  l ake  

su r face  s tood a t  an e levat ion  of about 6396 f e e t .  

Most of t h e  volcanic  events  a s soc ia ted  with t h e  Mono 

I s l a n d s  gave r i s e  t o  domes, p innacles  and flows--features 

t h a t  cannot be used t o  i n f e r  t h e  l e v e l  of t h e  l ake  a t  t h e  



t i m e  o f  eruption. One event, however, i s  exceptional i n  that  

it produced thousands o f  highly vesicular pumice blocks that  

f loa ted  t o  the shorel ine and shoaled, marking t h e  e levat ion  

of the  lake surface (approx. 6392 f e e t )  a t  the t i m e  o f  the  

eruption (around 1700 B P ) .  Deta i l s  o f  t h i s  eruption are 

presented beginning on pg. , ,240.  



F. RADIOMETRIC CONTROL OF THE LAKE LEVEL CURVE 

Chronologic  c o n t r o l  o f  t h e  l a k e  l e v e l  c u r v e  comes n o t  

o n l y  from t h e  d a t e d  t e p h r a " l a y e r s  and stumps d e s c r i b e d  i n  t h e  

p r e v i o u s  s e c t i o n s ,  b u t  from rad ioca rbon  a n a l y s i s  of o r g a n i c  

d e t r i t u s  c o l l e c t e d  from c r i t i ca l  h o r i z o n s  i n  t h e  sed imenta ry  

r e c o r d .  A brief  d i s c u s s i o n  o f  t h e  rad ioca rbon  d a t e s  used  i n  

t h i s  s t u d y ,  and o f  t h e i r  r o l e  i n  c o n s t r u c t i n g  a f l u c t u a t i o n  

curve  f o r  Mono Lake, i s  p r e s e n t e d  below. 

D a t i n g  The Take Level Flurtuat- 

Organ ic  d e t r i t u s  abounds i n  t h e  l a t e  Holocene d e l t a i c  

sed iments  on Rush, M i l l  and Lee Vining c r e e k s .  These 

m a t e r i a l s  i n c l u d e  p i n e  n e e d l e s  and cones,  c h a r c o a l ,  a n d  

l e a v e s ,  as w e l l  as t h i c k  mats o f  p l a n t  d e t r i t u s  d e p o s i t e d  i n  

d e l t a  t r e n c h e s .  With o r g a n i c  d e t r i t u s  s o  abundant ,  it i s  

o f t e n  p o s s i b l e  t o  f i n d  d a t a b l e  debris w i t h i n  sed imenta ry  

s t r u c t u r e s  a s s o c i a t e d  w i t h  a  s h o r e l i n e  environment  ( e . g .  

f o r e s e t  beds, bo t tomse t  beds  d i r e c t l y  t r a c e a b l e  t o  f o r e s e t  

beds ,  and  s h o r e l i n e  embankments). Radiocarbon d a t e s  d e r i v e d  

from s u c h  s t r u c t u r e s ,  l i k e  t h e  d a t e s  o b t a i n e d  on t h e  r o o t e d  

stumps d i s c u s s e d  i n  S e c t i o n  D o f  t h i s  c h a p t e r ,  can o f t e n  b e  

t i e d  p r e c i s e l y  t o  an  e l e v a t i o n  o f  t h e  l a k e  s u r f a c e .  T h i s  



makes it p o s s i b l e  t o  r e l a t e  some rad ioca rbon  d a t e s  t o  a n  

a c t u a l ,  r a t h e r  t h a n  a maximum o r  a minimum, l a k e  l e v e l .  

I n  a d d i t i o n  t o  t h e  d a t e d  t e p h r a  l a y e r s  d i s c u s s e d  i n  t h e  

p r e v i o u s  s e c t i o n ,  25 rad ioca rbon  d a t e s  p r o v i d e  chronomet r i c  - 

c o n t r o l  f o r  t h e  l a k e  l e v e l  cu rve .  Throughout t h i s  t h e s i s  

t h e s e  rad ioca rbon  d a t e s  w i l l  b e  c i ted a s  " y r s  BPI1 o r  s imply  

as "BPl1. Dendrochronometric  e q u i v a l e n t s  t o  the r a d i o c a r b o n  

d a t e s ,  c a l i b r a t e d  ( u s i n g  one s t a n d a r d  d e v i a t i o n )  from S t u i v e r  

and Pearson  (1986) ,  and Pearson and S t u i v e r  (1986),  w i l l  be 

g i v e n  as " c a l  BP"; t h u s ,  700 260 y r s  BP ( o r  700 260 BP) is  

e q u i v a l e n t  t o  670 +15 c a l  BP. 

I n  two c a s e s  (between 700 and 600 cal BP, and  between 

900 and  800 c a l  BP) m u l t i p l e  d a t e s  are a v a i l a b l e  for a s i n g l e  

l a k e  t r a n s g r e s s i o n .  I n  t h e s e  i n s t a n c e s  t h e  d a t e s  i n  e a c h  s e t  

were reduced t o  a s i n g l e  number f o r  u s e  on t h e  l a k e  

f l u c t u a t i o n  curve .  T h i s  was accompl ished by g raph ing  t h e  

c a l i b r a t e d  d a t e s  t o  de te rmine  t h e  minimum i n t e r v a l  o f  

o v e r l a p .  

Each rad ioca rbon  d a t e  c i ted i n  t h i s  s tudy ,  t o g e t h e r  w i t h  

a n  i d e n t i f i c a t i o n  number, a d e s c r i p t i o n  o f  t h e  sample, t h e  

l o c a t i o n  and e l e v a t i o n  from which t h e  sample was c o l l e c t e d ,  

t h e  dendrochronometr ic  e q u i v a l e n t ,  t h e  l a b o r a t o r y  t h a t  

conducted  t h e  a n a l y s i s ,  and t h e  s i g n i f i c a n c e  o f  t h e  d a t e ,  i s  



presented in Table 2 below. 



Table 2--Radiocarbon dates c i t ed  In this report 

I D N a ,  - 
USGS- Menlo 6 4 0 2 6 0  
1167 

USGS- Menlo 8 5 0 2 5 0  
1274 

USGS- Menlo 9 1 0  260  
1275 

USGS- Menlo 8 6 0 2 6 0  
1276 

USGS- Menlo 7 0 0 2 6 0  
1277 

USGS- Menlo 8 9 0  2 6 0  
1310 

USGS- Menlo 1495 ~ 4 5  
13 14 

USGS- Menlo 6 0 0  270 
1315 

61 3 2 5 8  cal BP tree stump rooted on 
surface of L V  Cr. A 

m: 33 ca1 tree stump rooted on 
Be (estimated) surface of L V  Cr. A 

753 5 8  cal BP 

837 2 87  cal BP tree stump rooted on 
surface of L V  Cr, A 

88Q ' 23 tree stump rooted on 
768 2 6 4  cal BP surface of L V  Cr. A 

670 2 15 cal BP tree stump rooted on 
surface of LV Cr. A 

822 2 9 4  cal BP plne cone In organlc- 
r l ch  lake- transgr. seds. 

1370 2 45 cal plne cone In organlc- 
BP r ich lake-transgr. seds. 

'603 2 6 3  cal  BP non-rooted Jeff  plne 
surface of L V  Cr. A 

e. of L V  Cr. mouth Dates rlse from low 
ele. 6388' stand of "700 BP 

e. of L V  Cr. mouth Dates rlse from low 
ele. 6392' stand of "900 BP 

e. of L V  Cr. mouth Dates rlse from low 
ele. 6395' stand of -900 BP 

e. of L V  Cr. mouth .' Dates r lse from low 
ele. 6397' . a stand of -900 BP 

e. of L V  Cr. mouth Dates rise from low 
ele. 6402' stand of "700 BP 

e. wa l l  LV Cr. Dates r lse from low 
ele. 6395' stand of -900 BP 

e. wa l l  LV Cr. Dates r lse from lake 
ele. 6384' stand 01 '1500 BP-- 

provldes mln. age on 
eruptlon of .Java 
blocks' 

-300 m w. of L V  Cr. Dates r lse from low 
mouth, ele. 6373' stand of -700 BP 



Table 2 (cont.) 

USGS- Menlo 675 250 
13 16 

USGS- Menlo 2 2 0  265  
1317 

USGS- Menlo 9 4 0 2 6 0  
1319 

USGS- Menlo 220  260 
1320 

USGS- Menlo 920  235 
1321 

662 21 8 cal BP plne cones and sticks e. wall LV Cr. cut 
Xi2 + I 6  cal DP in shallow-water sands ele. 6391' 

29Q + 71 cal BP charcoal in lacustrine e. wall LV Cr. cut 
1 78 2 32 cal BP silts ele. 6430' 

858 2 74 cal BP Compositae shoot rooted "600 m w. of L V  Cr. 
on Mono shorelands mouth, ele. 6370' 

29Q 2 _19 charcoal in bottomset e. wall L V  Cr. 
178 + 30 cal BP beds of inset delta ele. 6450.5' 

851 + 67 cal BP grass shoots in  beach e. wall  Rsh Cr. 
sand ele. "6380' 

Dates Iltt. zone lmmed. 
following MC eruption 
of 605 cal B 

Dates rlse (or high 
stand) followlng low 
stand of "300 BP 

Dates beginning of rlse 
from low stand of 
-900 BP 

Dates high stand of 
220 BP 

Dates rise from low 
stand of -900 BP 

USGS- Menlo 9 5 0  250 86 1 + 7 1 cal BP tree stump rooted in  e. side of L V  Cr. Dates rlse from low 
1487 channel of LV Cr. ele. -6402' stand of -900 BP 

USGS- Menlo 1625 2 4 0  1542 + 30 cat plne cones from fluv. e. wall  L V  Cr. Dates lake stand 
1524 BP gravels ele. -6384' of - 1  600 BP-- 

provldes mln. age on 
eruptlon of Java blocks 

USGS- Menlo 1590 250' 1475 2 66 cat plne cones from f luv. e. wall  LV Cr. Dates lake stand 
1705 BP gravels ele. '6384' of -1 600 BP-- 

provides mln. age on 
eruptlon of Java blocks 



Table 2 (cont.) 

USGS- Henlo 9 3 0 ~ 4 0 '  
1704 

BETA- BetaAn 3490  ~ 9 0  
51 15 

UCLA- UCLA 9 2 0 ~ 9 0 "  
l I 8  

LDGO- Lamont 7 7 0  2 5 0  
1677 AW 

855 + 68 cal BP 

3769 1 I8 cal 
BP 

831 L I 0 5  cal BP 

699 2 25 cal BP 

LDGO- Lamont 8 6 0  +6OW' B B Q + w  
1677 FW 768 + 6 4  cal BP 

LDGO- Lamont 9 4 0 ~ 2 0  91 1 L 9 c a l  BP 
1677 LW ~~~ 

802 L 6 cal BP 

LDGO- Lamont 5 7 0  i 3 0  61 8 _t, 6 cal BP 
1677 I W  ~ + I l S u i e  

LDGO- Lamont 550 2 3 0  620: 7 cal BP 
1677 OW ~ L . l h 3 U . P  

pine cone in  beach e, wal l  Rsh Cr. Dates r lse from low 
sand ele. "6380-90' stand of "900 BP 

Charcoal from bottomset e. wal l  of LV Cr. Dates high stand of 
beds ele. 6485' 3490 BP 

tree stump rooted on e. of LV Cr. mouth Dates r lse from low 
surface of LV Cr. A ele. 'about 6400 f t' stand of "900 BP 

shrub stump rooted on e. of LV Cr. mouth Dates r lse from low 
surface of LV Cr. A ele. 6399' . stand of -700 BP 

. . 
tree stump (ctnwd?) w. of PO Cr. mouth Dates r lse from low 
rooted on PO Cr. A ele. 6390' stand of -900 BP 

Tufa-encrusted Comp. e. wal l  of LV Cr. cut Dates r lse from low 
stump rooted on ele. -6389' stand of -900 BP 
surface of LV Cr. A 

tree stump rooted (7) "300 m e. of LV Cr. Dates r lse from low 
on surface of LV Cr. A ele. 6398' stand of '700 BP 

shrub stump rooted southernmost extent Dates r ise from low 
on shorelands s. of of Western Embay- stand of -700 BP 
Mono Co. Marlna ment, ele. 6389' 



Table 2 (cont.) 

*calibrated uslng Stulver and Pearson (19861, and Pearson and Stulver ( 1  986). I n  cases o f  mul t lp le  sidereal equivalents t o  
a given radlocaron date, the preferred equivalent (based on stratlgraphlc, dendrochronologlc, tephrochronologlc, and 
other radiometr ic evidence) I s  underlined. 

'collected by Michael Perklns I n  1982 (personal communlcatlon, 1982) 
" col lected by D.0. Lawrence In  1960. See Lawrence and Lawrence, 1961. 
"' sample I s  a duplicate of one run by USGS Menlo Park (USGS 1523 = 1035 240 BPI 



G. TUFA AS AN INDICATOR OF FOSSIL SHORELINES 

Mono Lake is renowned f o r  t h e  abundance and d i v e r s i t y  of 

i t s  t u f a  d e p o s i t s .  S u r f a c e  accumula t ions  o f  t h i s  ca lc ium 

c a r b o n a t e  p r e c i p i t a t e  o c c u r  widely  on t h e  l a t e  Holocene 

s h o r e l a n d s  as beach pavements, as c a s t e l l a t e d  s a n d  

s t r u c t u r e s ,  as towers  and  domes up t o  f i f t e e n  meters t a l l ,  

and  as a c o a t i n g  on s h o r e l i n e  cobb les  and b o u l d e r s .  S e v e r a l  

o f  t h e s e  forms of t u f a  a r e  a l s o  encoun te red  i n  t h e  s u b s u r f a c e  

sed imenta ry  r e c o r d  o f  l a t e  Holocene Mono Lake. 

Tufa h a s  been used i n  a number of d i f f e r e n t  s t u d i e s  t o  

d e t e r m i n e  and  t o  d a t e  former s h o r e l i n e  p o s i t i o n  (Broecker  and 

Kaufman, 1975; Broecker  and O r r ,  1958; Benson, 1 9 7 8 ) .  While 

n o t  of major  importance t o  t h e  pre-sent  s tudy ,  t u f a  w a s  

n e v e r t h e l e s s  used  i n  a few i n s t a n c e s  a s  c o r r o b o r a t i v e  

e v i d e n c e  of f o s s i l - s h o r e l i n e  p o s i t i o n .  I t  i s  t h e r e f o r e  

d i s c u s s e d  h e r e  a t  l e n g t h .  

previous w e .  The t u f a  of Mono Lake w a s  f i r s t  s t u d i e d  

i n  d e t a i l  by  R u s s e l l  (1889; see a l s o  h i s  Lahontan t reat ise  of 

1885) who i d e n t i f i e d  3 s t r u c t u r a l  v a r i e t i e s - - 1 i t h o i d  (compact 

and  s t o n y  s t r u c t u r e )  , d e n d r i t i c  ( a r b o r e s c e n t  s t r u c t u r e ) ,  and  

t h i n o l i t i c  ( s t r u c t u r e  of  i n t e r l a c e d  c r y s t a l s ) .  H e  obse rved  

t h a t  w h i l e  most o f  t h e  t u f a  d e p o s i t s  a s s o c i a t e d  w i t h  t h e  



enlarged l ake  of l a t e  P le is tocene  time a r e  composed of a t  

l e a s t  two and o f t e n  a l l  t h r e e  v a r i e t i e s ,  t h e  more recent  

depos i t s  of lower e l eva t ions  ( i . e .  those as soc ia ted  with t h e  

middle and l a t e  Holocene lake)  a r e  made up e n t i r e l y  of t h e  

l i t h o i d  type .  In  keeping with t h e  focus of t h i s  d i s s e r t a t i o n  

t h e  d iscuss ion  t h a t  follows emphasizes t h e  l i t h o i d  t u f a  of 

l a t e  Holocene age.  

Russe l l  described tufa-cemented beach depos i t s  found a t  

var ious l o c a l i t i e s  around t h e  Mono Basin, and noted a t h i n  

c r u s t  of t u f a  on t h e  shore l ine  boulders of Negit I s l and .  He 

proposed a hydrologic mechanism f o r  t h e  formation of t h e  

"weird and uncanny" t u f a  towers t h a t  occur i n  a s soc ia t ion  

with freshwater  sp r ings .  Based on observat ions of spr ing  

water emanating from t h e  summits of p a r t i a l l y -  and 

fully-submerged t u f a  towers a t  Mono Lake, Russe l l  

hypothesized t h a t  t h e  towers grow from sub lacus t r ine  spr ing  

o r i f i c e s ,  and t h a t  a r t e s i a n  pressure  fo rces  sp r ing  water 

upward through porous t u f a  i n  t h e  tower core throughout, and 

f o r  some time following, t h e  process of cons t ruc t ion .  

The chemistry of t u f a  formation was f i r s t  addressed i n  

d e t a i l  by Dunn (1953).  Based on t h e  s o l u b i l i t y  product of 

calcium, he argued t h a t  p r e c i p i t a t i o n  of t u f a  a t  Mono Lake i s  

p r imar i ly  a physicochemical process t h a t  occurs 

ins tantaneous ly  a s  a r e s u l t  of t h e  in t roduct ion  of 

calcium-bearing f r e s h  water i n t o  carbonate-rich lake water. 



H e  c a l l e d  a t t e n t i o n  t o  t h e  t h i c k  l a y e r s  o f  t u f a  on s t r anded  

beach l i n e s  a long t h e  S i e r r a n  f r o n t ,  and a t t r i b u t e d  them t o  

inf low t o  t h e  l a k e  by s t reams and rainwash t h a t  d r a i n  t h e  

ca lc i t ic  rocks  of  t h e  escarpment. Dunn a l s o  drew a u s e f u l  

d i s t i n c t i o n  between l i t h o i d  t u f a  t h a t  is  dense and du rab le  

("dense l i t h o i d  t u f a 1 a ) ,  and l i t h o i d  t u f a  t h a t  i s  porous and 

e a s i l y  crushed ("porous l i t h o i d  t u faa1 )  . 
AS a counte rpo in t  t o  ,DunnDs work, S c h o l l  and T a f t  (1964) 

argued t h a t  p r e c i p i t a t i o n  of calcium carbonate  a t  Mono Lake 

i s  induced by a l g a e .  The deba te  between t h o s e  who f a v o r  a 

p u r e l y  physicochemical exp lana t ion  f o r  t h e  formation of t u f a  

and t h o s e  who invoke a l g a l  a c t i v i t y  cont inues  t o  t h i s  day; 

obse rva t ions  which he lp  t o  c l a r i f y  t h e  r o l e  of t h e s e  two 

processes  i n  t h e  formation of t u f a  a r e  p re sen ted  l a t e r  i n  

t h i s  s e c t i o n .  

I n  h i s  d i s s e r t a t i o n  on t h e  l a t e  P l e i s t o c e n e  h i s t o r y  of 

t h e  Mono Basin, La jo i e  (1968) provided a comprehensive 

o u t l i n e  of  t h e  l i t h o l o g y ,  d i s t r i b u t i o n ,  and age  ( e i t h e r  l a t e  

P l e i s t o c e n e  o r  Holocene) of t u f a  d e p o s i t s .  H e  de sc r ibed  t u f a  

l l f langesl l  wi th  f l a t  t o  s l i g h t l y  convex unders ides  t h a t  

. pro t rude  from t h e  f l a n k s  of some t u f a  towers  (Photo 14a).  

La jo i e  l a t e r  c o l l a b o r a t e d  wi th  Cloud (Cloud and La jo ie ,  1980) 

i n  a r e p o r t  on t h e  b i z a r r e  "calc i te- impregnated 

d e f l u i d i z a t i o n  s t r u c t u r e s "  (sand t u f a )  of Mono Lake (Photo, 

1 4 b  i and ii) . 



The r a t e  o f  t u f a  d e p o s i t i o n  was t h e  s u b j e c t  of a r e c e n t  

p a p e r  by  J e h l  (1983) .  A t u f a  c r u s t  on t h e  o u t s i d e  o f  a 

17-year-old s teel  drum s h o a l e d  a l o n g  Navy Beach on t h e  s o u t h  

s h o r e  o f  t h e  l a k e  was found t o  be 4 3 . 2  c m  t h i c k .  J e h l  

assumed a  c o n s t a n t  r a t e  of  t u f a  fo rmat ion ,  and t h u s  d e r i v e d  

a n  a v e r a g e  growth r a t e  of  '2.54 c m  p e r  y e a r .  O b s e r v a t i o n s  

made i n  t h e  c o u r s e  o f  t h i s  s t u d y  show t h a t  t h i s  f i g u r e  v a s t l y  

u n d e r e s t i m a t e s  t h e  p o t e n t i a l  growth r a t e  of  c e r t a i n  t y p e s  o f  

t u f a  ( s e e  below) . 
One of t h e  most s t r i k i n g  a s p e c t s  of  t h e  l i t e r a t u r e  on 

Mono Lake t u f a  i s  t h e  p a u c i t y  of e y e w i t n e s s  a c c o u n t s  o f  t h e  I 

a c t u a l  f o r m a t i v e  p r o c e s s .  R u s s e l l  s t a t e s  t h a t  t u f a  w a s  n o t  

m b e i n g  p r e c i p i t a t e d  a t  t h e  t i m e  he  s t u d i e d  Mono Lake. Dunn 

s p e c u l a t e d  t h a t  it was ' 'probably f o r m i n g '  d u r i n g  t h e  p e r i o d  
I 

o f  h i s  f i e l d  work i n  t h e  e a r l y  1950s, b u t  he, l i k e  most 

subsequen t  workers ,  p r o v i d e s  no  d e s c r i p t i o n  o f  t u f a  

fo rmat ion ,  s u g g e s t i n g  t h a t  it was n o t  a c t i v e l y  p r e c i p i t a t i n g  

a t  t h e  t i m e  of  t h e  i n v e s t i g a t i o n s .  I n  r e c e n t  ( J u l y ,  1985) 

c o n v e r s a t i o n s  w i t h  t h e  w r i t e r ,  b o t h  S c h o l l  and  L a j o i e  

i n d i c a t e d  t h a t  w i t h  t h e  e x c e p t i o n  o f  a lgae- induced 

p r e c i p i t a t i o n  of  ca lc ium c a r b o n a t e  s e e n  o c c u r r i n g  on t h e  

o u t s i d e  of  one t u f a  tower s t r a n d e d  some d i s t a n c e  above t h e  

l a k e ,  t h e y  obse rved  no t u f a  forming i n  t h e  c o u r s e  of  t h e i r  

f i e l d  work d u r i n g  t h e  1960s .  Indeed,  t h e  o n l y  known 

e y e w i t n e s s  acC0I.Int of  t u f a  fo rmat ion  d u r i n g  t h e  y e a r s  p r i o r  



t o  1983 w a s  made by pho tographer  Michael  Dressler i n  1980.'' 

H e  n o t e d  t h a t  f o r  a one-week p e r i o d  i n  December of t h a t  y e a r ,  

s m a l l ,  f r a g i l e  b lossom-l ike  d e p o s i t s  of  t u f a  formed a t  t h e  

o r i f i c e s  o f  s u b l a c u s t r i n e  s h o r e l i n e  s p r i n g s  n e a r  South  Tufa 

( F i g u r e  2 6 )  on t h e  s o u t h e r n  margin o f  t h e  l a k e .  Dressler 

photographed t h e s e  forms, and g r a c i o u s l y  p r o v i d e d  s l i d e s  f o r  . 

i n c l u s i o n  i n  t h i s  r e p o r t  (Photo  14c). 

. The e x t e n t  t o  which t u f a  
,-. 

can be u s e d  as a reasonab ly  'precise i n d i c a t o r  of former 

s h o r e l i n e  p o s i t i o n  h a s  been a d d r e s s e d  i n  t h e  l i t e r a t u r e  on 

Great  Bas in  l a k e s  o n l y  i n  s p e c u l a t i v e  t e r m s .  It  is  o f t e n  

contended t h a t  t u f a  fo rmat ion  is  p r i m a r i l y  a s h o r e l i n e  

phenomenon, b u t  o b s e r v a t i o n s  and  ev idence  t o  s u p p o r t  t h i s  

c o n t e n t i o n  are s c a n t .  I n  a n  e a r l y  d e r i v a t i o n  o f  a 

r a d i o c a r b o n  chronology f o r  l a k e s  Lahontan and Bonnev i l l e ,  f o r  

i n s t a n c e ,  Broecker  and O r r  (1958) n o t e  t h a t  "whereas i n  most 

c a s e s  [ t u f a ]  d e p o s i t s  were p robab ly  formed n e a r  t h e  l a k e  

s u r f a c e ,  p o s s i b l y  some were formed a t  c o n s i d e r a b l e  depth ."  

T h i s  view i s  r e a f f i r m e d  i n  a  l a t e r  work by Broecker  a n d  

Kauf man 

t o  form 

a u t h o r s  

(1975) who s ta te  t h a t  ". . .most c a r b o n a t e s  are t h o u g h t  

i n  sha l low w a t e r . . . " .  I n  b o t h  s t u d i e s ,  however, t h e  

conc lude  t h a t  u n t i l  a d i r e c t  l i n k  between t u f a  and 

s h o r e l i n e  can  be e s t a b l i s h e d ,  t h e  p r e c i p i t a t e  s h o u l d  b e  used  

' o n l y  as a n  i n d i c a t o r  of  minimum s h o r e l i n e  e l e v a t i o n .  

Benson (1978) ,  i n  a  r e e v a l u a t i o n  o f  t h e  Lahontan 



chronology developed by Broecker and his co-workers, points 

out that tufa deposited in close association with lacustrine 

algae can form only in the euphotic zone--a zone which, at 

Mono Lake, extends to a depth that ranges seasonally from 

approximately 3 to 15 m.18 This margin of uncertainty may 

allow a reasonable estimate of former shoreline position when 

tracing the large-scale and long-term fluctuations of a 

Pleistocene pluvial lake, but it contributes little to the 

derivation of a high-resolution curve for a Holocene lake, 

where a change in surface elevation of even 3 m represents a 

substantial fluctuation. Furthermore, this explanation is of 

little relevance to tufa that is not deposited in association 

with lacustrine algae. 

The literature regarding the relationship between tufa 

deposition and the shoreline environment at Mono Lake is only 

slightly more illuminating. Lajoie concluded that the 

flange-like forms that protrude from the sides of tufa towers 

mark the level of the lake surface at the time of their 

formation. Dunn (op cit) expressed the belief that the tufa 

that coats the late Pleistocene beach lines along the eastern 

escarpment of the Mono Sierra formed in a near-shore 

environment, and Cloud and Lajoie state that the formation of 

sand tufa occurs Itnear the shore of the lake"; in none of 

these studies, however, is the environment of tufa deposition 

explored in more detail. Observations by Lajoie (pers. 



corn.) and Scholl and Taft (op cit) provide an important 

complication to any generalized theory that seeks to link 

tufa formation to a shoreline environment. They observed 

alqae-induced precipitation of calcium carbonate on the 

outside of a tufa tower that stood well &QYC the lake shore. 

Scholl and Taft, in fact, hazard that algal deposition of 

sublacustrine, phenomenon,.. 

~ v d r o l o a v ,  

te Holocene Tufa at 

m. The low lake levels that characterized 
the years 1980-1985 observations that illuminate 

the age and distribution of the various types of tufa, as 

well as the hydrology and rate of tufa formation, at Mono 

Lake. This new information, in turn. bears on the use of 

tufa as an indicator of former shoreline position, and helps 

to clarify many of the discrepancies, controversies, and 

contradictions that characterize the existing literature on 

tufa. 

-. The paucity of eyewitness accounts of tufa formation 

noted above is in keeping with the writer's experience during 

his first three years of field work (1980-82) in the Mono 

Basin. Despite the many months spent along various portions 



of  t h e  l a k e  shore  throughout t h a t  pe r iod  of  t i m e ,  n e i t h e r  he  

nor  f e l l ow s c i e n t i s t s  working i n  t h e  b a s i n  wi tnessed even t h e  

l o c a l  depos i t i on  of t u f a .  Indeed, t h e  week-long s p a t e  of 

t u f a  format ion descr ibed  by Michael D r e s s l e r  i n  1980 ( s e e  

above) i s  t h e  only  known i n s t a n c e  of  calc ium carbona te  

p r e c i p i t a t i o n  dur ing  t h i s  pe r iod  of t ime .  I t  was t h u s  of 

tremendous i n t e r e s t  when, f o r  a three-month p e r i o d  beginning 

i n  mid-July of  1983, f o r  a six-week p e r i o d  beginning a t  t h e  

end o f  May, 1984, and f o r  a t  l e a s t  f o u r  months dur ing  t h e  

l a t e  sp r ing ,  summer, and e a r l y  f a l l  of 1986, s u b l a c u s t r i n e  

s h o r e l i n e  s p r i n g s  t h a t  had p rev ious ly  been p e l l u c i d  began t o  - 
be milky white,  sugges t ing  t h e  ins tan taneous ,  

physicochemically-induced p r e c i p i t a t i o n  o f  calc ium carbona te  

(Photo 14d and e ) .  This  change i n  t h e  n a t u r e  of  t h e  s p r i n g s  

I (or ,  more probably,  t h e  change i n  t h e  l a k e  wate rs  t h a t  

induced t h e  p r e c i p i t a t i o n  of calcium from t h e  s p r i n g  wate rs )  

was accompanied by t h e  r a p i d  and wholesale d e p o s i t i o n  of 

po rous - l i t ho id  t u f a  a t  hundreds of  s u b l a c u s t r i n e  s p r i n g  s i t e s  

nea r  t h e  l a k e  shore .  During t h e  weeks and months t h a t  

fol lowed t h e s e  lakewide " t u f a  blooms", most of  t h e  s p r i n g s  

r e t u r n e d  t o  t h e i r  normal, c lea r - f lowing  c o n d i t i o n .  

The blooms of  1983, '84, and '86 produced a  s o f t ,  

f r a g i l e ,  and h igh ly  porous t ype  of t u f a .  P r e c i p i t a t i o n  was 

r ap id ,  a t  some s i t e s  exceding 2 cm p e r  day ( s e e  below).  

Within weeks of t h e  f i r s t  observa t ions ,  l o c a l  concen t r a t i ons  



of this physicochemical precipitate began to change color, 

turning from the original white or cream, to a light- to 

bright-orange or green. Inspection of these somewhat older 

deposits revealed that the color change was due to 

colonization by algae. 

After a year many of these once-soft deposits had become 

encased in a durable crust of thinly laminated, dense-lithoid 

tufa. One such speciman, broken with a hammer to reveal the 

stratigraphy, is illustrated in Photo 14f. Note there that 

the contact between the porous inner mass and the dense outer 

shell is underlain by a green band of algae. Not apparent on 

the photo is the fact that many of the laminae, too, occur in 

association with thin layers of algae. 

These observations strongly suggest that porous lithoid 

tufa at Mono Lake is a physicochemical deposit that is 

produced rapidly and episodically, and that, in contrast, 

dense lithoid tufa is produced slowly and continuously (or 

perhaps seasonally) in association with algal activity. The 

fact that the (physicochemical) tufa blooms of 1982, '83, and 

'86 (as well as Dressier's minor bloom of 1980) coincided 

. with abnormally rapid rises in lake level suggests that rapid 

lake transgressions, and perhaps the high surface and 

subsurface inflows that instigate them, may be a major 

controlling factor in the production of certain deposits of 

porous lithoid tufa. 



d-ut i o n .  h#n 0 

n structyycs" (sand t u f a .  

According t o  Cloud and L a j o i e  (1980) ,  " c a l c i t e - i m p r e g n a t e d  

d e f l u i d i z a t i o n  s t r u c t u r e s " ,  o r  sand  t u f a ,  are " s u b v e r t i c a l  

c o n c r e t i o n a r y  s a n d  s t r u c t u r e s  composed o f  c l o s e l y  spaced  

c a l c i t e - i m p r e g n a t e d  columns, t u b e s ,  and o t h e r  c o n f i g u r a t i o n s  . 

w i t h  s u b c y l i n d r i c a l  I t o  b i z a r r e  c r o s s  s e c t i o n s  a n d  

p redominan t ly  v e r t i c a l  o r i e n t a t i o n " .  I l l u s t r a t i o n s  o f  t h e s e  

o r n a t e ,  c a s t e l l a t e d  forms a r e  p r o v i d e d  i n  Pho tos  1 4 b 1  a n d  b i i .  

Cloud and L a j o i e  n o t e  t h a t  t h e  c a l c i t i c  cementa t ion  which 

g i v e s  r i se  t o  s a n d  t u f a s  o c c u r s  i n  t h e  a p h o t i c  s u b s u r f a c e ,  - 
i n d i c a t i n g  t h a t  t h e  p r o c e s s  o f  ca lc ium c a r b o n a t e  

p r e c i p i t a t i o n  must b e  induced phys icochemica l ly ,  r a t h e r  t h a n  I 

a l g a l l y .  

S u r f a c e  d e p o s i t s  of  sand t u f a  occur  a t  s c a t t e r e d  

l o c a l i t i e s  a l o n g  t h e  s o u t h e r n  and e a s t e r n  s h o r e s  o f  Mono 

Lake. They are found p r i m a r i l y  below t h e  l e v e l  o f  t h e  

H i s t o r i c  High S t a n d  (6428 f e e t ) ,  though  t h e y  do o c c u r  at 

h i g h e r  e l e v a t i o n s .  The major  c o n c e n t r a t i o n s  o f  sand  t u f a ,  

and o t h e r  i m p o r t a n t  t u f a  l o c a l i t i e s ,  a r e  mapped on F i g u r e  15 .  

The map of  t u f a  d i s t r i b u t i o n  r e v e a l s  t h a t  while s a n d  t u f a  c a n  

o c c u r  a t  most any e l e v a t i o n  below 6428 f e e t ,  it forms 

prominent ,  n e a r l y  con t inuous  bands hundreds  o f  meters l o n g  

between e l e v a t i o n s  o f  6415-6418 f e e t ,  and  6425-6428 f e e t  

( p h o t o  1 5 a ) .  





Sand t u f a  i s  most common a l o n g  t h e  s o u t h e a s t e r n  s h o r e  o f  

t h e  l a k e ,  where it formed i n  s u r f a c e  d e p o s i t s  of pumiceous 

l i t t o r a l  s a n d  t h a t  o v e r l i e  a n  a q u i c l u d e  of  l a c u s t r i n e  c l a y .  

T h i s  s t r a t i g r a p h i c  r e l a t i o n s h i p  s u g g e s t s  t h a t  t h e  s a n d  t u f a  

formed i n  sands  d e p o s i t e d  i n  modern t i m e s .  Proof  o f  t h i s  

o c c u r s  i n  t h e  form o f  l o n g  (>I00 m ) ,  p l a s t i c - c o v e r e d  copper 

c a b l e s  t h a t  l i e  on t h e  s h o r e  ( e l e v a t i o n  6382 fee t )  a t  E a s t  

Navy Beach. These s t o u t . ( 5 m m ) ,  f o u r - s t r a n d  c a b l e s ,  which 

presumably were emplaced by t h e  Navy d u r i n g  t h e i r  

s u b l a c u s t r i n e  d e t o n a t i o n  exper iments  i n  1965-66, t y p i c a l l y  

l i e  between t h e  c a l c i t e - i m p r e g n a t e d  sand and t h e  u n d e r l y i n g  

l a c u s t r i n e  c l a y s ,  though i n . a  f e w  c a s e s , t h e  cables are 

i n c o r p o r a t e d  i n t o  t h e  cemented s a n d s  (Photos  15b and c ) .  

C l e a r l y ,  t h e n ,  t h e  s u r f a c e  d e p o s i t s  of  sand t u f a  l y i n g  below 

6428 f e e t  a l o n g  t h e  s o u t h e a s t e r n  s h o r e  of t h e  l a k e  a r e  

t h o r o u g h l y  modern f e a t u r e s .  

Cloud and  L a j o i e  d e s c r i b e  t h e  hydrology o f  sand  t u f a  

f o r m a t i o n  as f o l l o w s :  

'As fresh, calcium-bearing ground water from upslope impinges on or flows through 
porous sediments saturated with heavier saline water near the shore of the lake, the 
difference in density, reinforced by hydrologic head, causes the freshwater to rise. 
Because of the high energy required for mixing, upward flow of freshwater tends to be 
confined to subcylindrical, vertical pathways ... Sufficiently vigorous upward circulation 
of the freshwater locally displaces saline lake water and limits calcite precipitation to a 
fairly sharp interface between calcium-bearing freshwater and carbonate-rich lake water, 
creating solidly indurated, subcylindrical walls ... once the two water masses are 
physically separated by a solid barrier of calcite cement, precipitation ceases ...' 

T h i s  e x p l a n a t i o n  goes f a r  i n  a c c o u n t i n g  f o r  t h e  b a s i c  



s t r u c t u r e s  t h a t  c h a r a c t e r i z e  sand t u f a .  But t h e  mechanism 

t h a t  t h e  a u t h o r s  propose t o  s e t  t h e  format ive  process  i n  

motion r e q u i r e s  r eeva lua t ion .  I t  i s  d i f f i c u l t  t o  imagine how 

a r e l a t i v e l y  l i g h t  f lu id , .  f lowing down a g e n t l e  g r a d i e n t  

( t y p i c a l l y  8-15 feet /1000 f e e t )  through s u r f i c i a l  sands,  

could undermine or  "flow through" sediments s a t u r a t e d  wi th  a 

h e a v i e r  f l u i d .  The very d e n s i t y  d i f f e r e n c e  t h a t  Cloud and 

La jo i e  invoke t o  exp la in  t h e  rise o f  f reshwater  through t h e  

s a l t w a t e r - s a t u r a t e d  sands,  it seems, would prevent  t h e  f r e s h  

groundwater from e v e r  moving under o r  through t h o s e  sands  i n  

t h e  f i r s t  p l a c e .  

One p o s s i b l e  means of g e t t i n g  f reshwater  underneath t h e  

s a l t w a t e r - s a t u r a t e d  sands would involve  ' a r t e s i a n  flow of  

groundwater th rough  condui t s  i n  t h e  under lying l a c u s t r i n e  

c l a y s .  Excavation of sand t u f a  a t  a number of l o c a l i t i e s ,  

however, r evea l ed  no evidence of b a s a l  s p r i n g s .  The 

near-absence of t u f a  towers  found i n  a s s o c i a t i o n  wi th  sand 

t u f a .  and t h e  f a c t  t h a t  sand t u f a  occurs  i n  long, cont inuous 

bands t h a t  c l o s e l y  fo l low t h e  contour,  l i kewise  argue a g a i n s t  

l o c a l  a r t e s i a n  f low being an important  f a c t o r  i n  i ts  

produc t ion .  A r t e s i a n  flow, it seems, i s  no t  c o n t r i b u t i n g  t o  

t h e  format ion of sand tufa--a p o i n t  appa ren t ly  app rec i a t ed  by 

Cloud and La jo i e .  

I f  v e r t i c a l  d e n s i t y  c u r r e n t s  a r e  t o  func t ion  i n  

s u r f i c i a l  l i t t o r a l  sands i n  t h e  manner desc r ibed  by Cloud and 



L a j o i e ,  it would seem t h a t  t h e  sand must f i r s t  be s a t u r a t e d  

w i t h  t h e  l i g h t e r  f l u i d ,  t h e n  immersed i n  t h e  h e a v i e r  f l u i d .  

I n  t h e  absence  of f r a c t u r e s  o r  f a u l t s  t h a t  would allow 

a r t e s i a n  wa te r  t o  p e n e t r a t e  t h e  u n d e r l y i n g  a q u i c l u d e ,  

f r e s h w a t e r  o b v i o u s l y  cannot  invade  t h e  s a n d  as l o n g  as t h a t  

sand remains  immersed i n  t h e  l a k e .  Should t h e  l a k e  d r o p  

below t h e  l e v e l  o f  t h e  sand,  however, l a k e  w a t e r  would d r a i n  

from t h e  d e p o s i t ,  g i v i n g  a c c e s s  t o  f r e s h w a t e r .  Based on t h i s  
I 

premise ,  it i s  hypo thes ized  t h a t  s a n d s  d e p o s i t e d  a t  t h e  s h o r e  

of  t h e  l a k e  become s t r a n d e d  and  s a t u r a t e d  w i t h  f r e s h  w a t e r  

d u r i n g  a l a k e  r e c e s s i o n .  Reinundat ion  o f  t h e  

f r e s h w a t e r - s a t u r a t e d  sands  w i t h  l a k e  wa te r ,  b rough t  a b o u t  

e i t h e r  by  wave rush ,  by s e i c h i n g ,  o r  by a rise i n  l a k e  l e v e l  

( o r  p e r h a p s  by r e p e a t e d  wave-rush and s e i c h i n g  &d.n.g a rise 

i n  l a k e  l e v e l )  r e s u l t s  i n  a dens i ty - induced  exchange o f  

f r e s h -  and s a l t w a t e r  a l o n g  v e r t i c a l  pathways i n  t h e  sand,  as 

d e s c r i b e d  by Cloud and L a j o i e .  

The b r i e f  rises i n  l a k e  l e v e l  t h a t  have  a n n u a l l y  

p u n c t u a t e d  t h e  o v e r a l l  r e c e s s i o n  s i n c e  1919 may accoun t  f o r  

most o f  t h e  sand  t u f a  s e e n  around t h e  l a k e .  These 

l a t e - s p r i n g  and early-summer t r a n s g r e s s i o n s  come a t  a t i m e  

when s t r a n d e d  s a n d s  a r e  most l i k e l y  be  s a t u r a t e d  w i t h  f r e s h  

w a t e r .  Behavior  of t h e  l a k e  on a year- to-year  b a s i s  might 

a l s o  e x p l a i n  t h e  prominent  and thoroughly-cemented zones of  

sand t u f a  t h a t  l i e  w i t h i n  t h e  e l e v a t i o n  i n t e r v a l s  6415-6418 



f e e t  and 6425-6428 f e e t .  The lake occupied each of t h e s e  

e l eva t ion  i n t e r v a l s  continuously f o r  t e n  years,  f l u c t u a t i n g  

seasonal ly s o  a s  t o  repeatedly inundate, expose, and 

reinundate a narrow band of shore.lg 

Cloud and Lajoie  wr i te  t h a t  some depos i t s  of sand t u f a  

a r e  capped by a t h i c k  (up t o  15 cm) s l a b  of calcium carbonate-  

(Photos 15d) .  The authors  venture t h a t  t h e  capstone is 

pedogenic ca l i che  t h a t  formed subaer i a l ly  through evaporat ive 

processes  following a lake  recession t h a t  s t randed t h e  sand 

t u f a .  A c lose  examination of t h i s  ma te r i a l  (Photo 15e) shows 

t h a t  it i s  composed of a core of highly porous t u f a  t h a t  i s  

coated with a t h i n  c r u s t  of dense laminated tufa--in o t h e r  

words, t h e  capstone i s  s t r u c t u r a l l y  i d e n t i c a l  t o  t h e  masses 

of t u f a  t h a t  were seen forming subaqueously during t h e  t u f a  

blooms of 1982, '83, and '84. These observations,  toge the r  

with t h e  b e l i e f  t h a t  a t h i c k  mass of pedogenic caliche could 

not  have formed on t h e  calcite-impregnated d e f l u i d i z a t i o n  

s t r u c t u r e s  within t h e  p a s t  two decades, l ead  t h e  w r i t e r  t o  

conclude t h a t  t h e  s l abs  t h a t  cap t h e  cemented sands are t h e  

r e s u l t  of r ap id  physicochemical p r e c i p i t a t i o n  of porous t u f a  

a t  t h e  margin of t h e  lake (most l i k e l y  during t h e  process  of 

sand t u f a  formation) ,  followed by t h e  encasement of t h i s  

porous ma te r i a l  i n  a sheath of dense a l g a l  t u f a .  With t h i s  

i n  mind, it may well  be t h a t  much of t h e  t u f a  t h a t  was seen 

growing during t h e  blooms of recent  years is  t h e  su r face  



expression of newly forming sand t u f a  t h a t  w i l l  be exposed 

due t o  d e f l a t i o n  during f u t u r e  recessions of t h e  lake .  

p,aygments. Beach pavement i s  composed of coarse l i t t o r a l  - 
sediments (boulders,  cobbles, and/or pebbles, sometimes i n  a 

matr ix  of coarse sand) thoroughly cemented by t u f a .  Deposits I 

of beach pavement o f t en  occur i n  narrow (2-5m) belts a 
I 

hundred meters o r  more l o n g , t h a t  c lose ly  follow t h e  contour.  

Within t h e  e l eva t ion  range occupied by t h e  margin of Mono 
I 

Lake during t h e  p a s t  4,000 years,  su r face  depos i t s  of beach 

pavement a r e  r e s t r i c t e d  t o  t h e  Western Embayment, t h e  Horse I 

Creek Embayment, t h e  southern f r i n g e s  of Black Point,  t h e  

f r o n t s  of t h e  M i l l  and Lee Vining creek d e l t a s ,  and small  m 

a reas  on t h e  p l a i n s  of t h e  M i l l  and Rush creek d e l t a s  (Figure 

Beach pavement appears t o  be a shallow-groundwater 
I 

phenomenon t h a t  forms where sur face  water, absorbed by 

fanglomerate o r  o the r  coarse depos i t s  some d i s t ance  above t h e  I 

lake,  reemerges through permeable sediments a t  t h e  shore l ine .  

The necess i ty  of an ample supply of groundwater f o r  t h e  I 

formation of beach pavement i s  well i l l u s t r a t e d  i n  t h e  Horse 
I 

Creek Embayment. There, coarse sands, pebbles, and cobbles 

of r h y o l i t i c  pumice reworked from t h e  Rush Creek d e l t a  - 
compose a spa r se ly  vegetated beach t h a t  runs t h e  length  of 

t h e  embayment between 6,402 and 6 , 4 0 9  f e e t .  On a e r i a l  photos I 



t h i s  e n t i r e  swash of abandoned shore  appears  t o  be paved with  

t u f a .  Ground inspec t ion ,  however, shows t h a t  t h e  beach is  

cemented on ly  a long  i t s  nor thern  q u a r t e r ,  where a wi ther ing  

Horse C r e e k  p rov ides  t h e  e s s e n t i a l  g r o u n d ~ a t e r . ' ~  

I n  a d d i t i o n  t o  coarse  l i t t o r a l  sediments and a p l e n t i f u l  

supply of groundwater, formation of beach pavement seems t o  

r e q u i r e  a shore land  s u r f a c e  whose g r a d i e n t  exceeds 

approximately 5%.  Thus, w h i l e  cemented beach d e b r i s  i s  

common on s t e e p l y  s lop ing  d e l t a  f r o n t s ,  it is  rare on t h e  

g e n t l y  s l o p i n g  d e l t a  p l a i n s .  Only a t  favored  e l e v a t i o n s ,  

where l i t t o r a l  e ros ion  o r  depos i t i on  has  markedly s teepened 

t h e  s u r f a c e ,  has  beach pavement formed on t h e  p l a i n s  of t h e  

d e l t a s .  

Having made a d i s t i n c t i o n  between sand t u f a  and beach 

pavement, it i s  important  t o  p o i n t  ou t  t h a t  t h e r e  can be an 

i n t e r g r a d a t i o n  of t h e  two. I n  i t s  p u r e s t  form, beach pavement 

d i s p l a y s  no v e r t i c a l  t ubes  o r  columns, undoubtedly because 

t h e  i n t e r s t i c i e s  between t h e  coarse  g r a i n s  of sediment 

p rov ide  t h e  v e r t i c a l  pathways necessary f o r  t h e  exchange of 

f r e s h  and s a l t  water .  ~ u t  v e r t i c a l  t ubes  and columns become 

e v i d e n t  where cobbles  and g r a v e l s  occur  w i th in  a mat r ix  of 

l i t t o r a l  sand.  I n  genera l ,  t h e  l e s s  sand, t h e  more 

pavement-like t h e  calci te-cemented depos i t ;  t h e  more sand, 

t h e  more t h e  d e p o s i t  resembles c l a s s i c  sand t u f a .  

T u f m .  A s  f i r s t  exp la ined  by R u s s e l l  ( l88S, l889) ,  



t h e  t u f a  tower i s  an a r t e s i a n  phenomenon t h a t  forms i n  

a s soc ia t ion  with a  spr ing .  While occasional  i s o l a t e d  towers 

can be found a t  Mono Lake, most occur i n  "groves" t h a t  may 

include thousands of indiv iduals .  Tufa groves occur i n  two 

d i s t i n c t  hydrologic s e t t i n q s .  I n  general  t h e  most ex tens ive  

concent ra t ions  of towers a r e  found along s t r e t c h e s  of 

shore l ine  t o  e i t h e r  s i d e  of t h e  l a t e  P le is tocene  d e l t a s  on 

Rush, M i l l  and Lee Vining c;eeks (Figure 1 5 ) .  These groves 

owe t h e i r  ex is tence  t o  groundwater t h a t  flows from t h e  

g rave l s  of t h e  highstanding d e l t a s  l a t e r a l l y  toward lower 

e l eva t ions  on t h e  d e l t a  margins. Many, though by no means 

a l l ,  of t h e  towers i n  these  '#de l ta  groves" occur i n  l i n e a r  o r  

c u r v i l i n e a r  assemblages t h a t  r i s e  from f r a c t u r e s  o r  f a u l t s  

(Photo 1 6 a ) .  A t  Lee Vining Tufa and South Tufa, t h e  most 

ex tens ive  t u f a  groves a t  Mono Lake; most towers become 

progress ive ly  s h o r t e r  upslope, r e s u l t i n g  i n  a  s t r i k i n g  summit 

accordance t h a t  may be r e l a t e d  t o  t h e  he ight  of t h e  

piezometr ic  su r face .  A t  t hese  two groves, t r u e  tower-like 

forms a r e  r e s t r i c t e d  t o  e l eva t ions  below about 6400 f e e t .  

Above t h a t  e l eva t ion  one encounters squat t u f a  towers here 

c a l l e d  "ground tufan-- tufa  masses of a r t e s i a n  o r i g i n  t h a t  a r e  

l e s s  than a  meter high and t h a t  d i sp lay  g r e a t e r  hor i zon ta l  

than  v e r t i c a l  development. Ground t u f a  a t  t h e s e  two groves 

i s  seldom found above an e levat ion  of 6404 f e e t  (Photo 16b) .  

The o t h e r  major concentrat ions of t u f a  towers a t  Mono 



Lake occur along f a u l t s  d i s t a n t  from t h e  d e l t a s .  These 

" f a u l t  groves" a r e  most common along t h e  southeastern shore 

(Lajoie,  1968). where a  system of f a u l t s  t rending  roughly 

north/south (see Appendix D) allows t h e  a r t e s i a n  flow of 

spr ing  water i n t o  t h e  lake  (Photo 1 6 c ) .  The towers i n  t h e  

f a u l t  groves a r e  typ ica l ly ' f ewer  i n  number than t h e i r  

counterpar ts  on t h e  margins of t h e  d e l t a s ;  on t h e  o t h e r  

hand, they  c h a r a c t e r i s t i c a l l y  extend t o  higher  e l eva t ions  

(above 6430 f e e t  i n  a few cases)  than towers within t h e  d e l t a  

groves. 

The core of t h e  t y p i c a l  tower (be it i n  a  delta-grove o r  

a  fault-grove) i s  composed of f r a g i l e ,  yellow-to-orange-to- 

brown, porous- l i thoid t u f a ,  which c h a r a c t e r i s t i c a l l y  can be 

crushed' under pressure from t h e  thumb n a i l .  This core i s  

encased i n  a t  l e a s t  one sheath of hard, white, massive-to- 

laminated, dense-l i thoid t u f a .  ( In  some places  more than one 

shea th  i s  evident--see Photo 16d.) Schol l  and Taf t  (1964), 

and Lajoie  (1968) proposed t h a t  t h e  durable shea th  i s  

deposi ted f i r s t ,  and t h a t  t h e  r e s u l t a n t  hollow pinnacle  is  

subsequently f i l l e d  with porous t u f a ,  both t h e  core and t h e  

shea th  being p r e c i p i t a t e d  by a lgae .  Based on t h e  sequence of 

events  observed during t h e  t u f a  blooms of 1982, '83, and '86, 

however, it seems more l i k e l y  t h a t  t h e  f i r s t  s t e p  i n  t u f a  

tower formation i s  t h e  rapid,  physicochemical p r e c i p i t a t i o n  

of t h e  porous* core mater ia l ,  which i s  subsequently coated 



with dense, a l g a l  t u f a .  The f a c t  t h a t  t h e  porous inner  core 

i s  o f t e n  r e p l e t e  with t h e  des icca ted  remains of b r i n e  f l y  

(m hians) pupae proves t h a t  p r e c i p i t a t i o n  of t h e  core 

ma te r i a l  preceded deposi t ion of t h e  dense, impenetrable 

sheath.  

Formation of t h e  f lanbes  t h a t  protrude from t h e  f lanks  

of some t u f a  towers has a l s o  ben a t t r i b u t e d  t o  a lgae  (Lajoie,  

1 9 6 8 ) .  The porous na ture  of t h e  t u f a  t h a t  composes t h e  

f langes ,  however, and t h e  f a c t  t h a t  each f lange  must have 

been p r e c i p i t a t e d  rap id ly  i n  order  t o  conform t o  a s i n g l e  

lake  l eve l ,  s t rong ly  suggest t h a t  they were deposi ted 

physicochemically, r a t h e r  than through t h e  a c t i o n  of a lgae .  

Many hundreds of towers found around Mono Lake contain 

woody branches and twigs, e i t h e r  within t h e  porous t u f a  of 

t h e  core,  o r  incorporated within t h e  dense t u f a  of t h e  tower 

f l anks  (Photos 16e and f ) .  Branches have been found i n  

towers a t  a l l  t h e  major t u f a  groves except South Tufa. 

Incorporat ion of woody mate r i a l  i n t o  t u f a  towers i s  most 

common a t  t h e  Mono County Park on Dechambeau Creek, and on 

t h e  M i l l  Creek-North t u f a  groves (Figure 1 5 ) .  These 

inc lus ions  of wood can be used t o  d a t e  t h e  t u f a  towers ( see  

discussion,  pg. 198) . 
on. h v d r n l o a v . a n d f o r m a t i o n  of hould_r P 

c-e rinds. The exposed bed of t h e  western h a l f  of 

Mono Lake i s  strewn w i t h  t e n s  of thousands of boulders  



p a r t i a l l y  embedded i n  l i t t o r a l  o r  lake  bottom sediments. 

These boulders  a r e  p a r t i a l l y  t o  e n t i r e l y  coated with a r i n d  

of l i t h o i d  t u f a .  Five types  of shore l ine  boulders can be 

d is t inguished on t h e  b a s i s  of l i thology,  d i s t r i b u t i o n ,  and 

provenance: The g r a n i t i c  and metamorphic c l a s t s  s c a t t e r e d  

along t h e  shore l ine  of the.Western Embayment owe t h e i r  

present  pos i t ion  t o  rocks l ides  and r o c k f a l l s  o f f  t h e  s t e e p  

escarpment of t h e  S i e r r a  Nevada; aphyric  pumice, obsidian,  

and l i t h i c  boulders of r h y o l i t e  on and e a s t  of t h e  Rush Creek 

Delta were e j e c t e d  during t h e  Mono Cra te r s  e rupt ion  of  605 

c a l  BP ( see  pg. 2 6 2 ) ;  blocks of s l i g h t l y  v e s i c u l a r  b a s a l t  

and b a s a l t i c  s c o r i a  t h a t  dot t h e  shore zone south  of Black 

Point  a r e  apparent ly l a g  from t h e  erosion of t h e  c inder  cone; 

boulders of Bishop Tuff s c a t t e r e d  along t h e  e a s t e r n  shore  a r e  

t h e  r e s u l t  of t r a n s p o r t  down Dry Creek during t imes of high 

stream discharge; and t h e  blocks of porphyr i t i c  pumice t h a t  

l i n e  t h e  shore from Horse Creek Embayment i n  t h e  south t o  

near t h e  mouth of Bridgeport Creek i n  t h e  nor th  o r i g i n a t e d  

during a sublacus t r ine  volcanic  e rupt ion  approximately 1700 

years  ago (see  pg. 240)  . 
The r i n d  of l i t h o i d  t u f a  t h a t  coa ts  boulders l y i n g  below 

t h e  H i s t o r i c  High Stand is  t y p i c a l l y  white t o  very l i g h t  

cream i n  color ,  while t h e  boulder r i n d s  above 6428 f e e t  are 

o f t e n  yellow t o  orange o r  brown. Thickness of t h e  r i n d s  

ranges from paper-thin t o  seve ra l  cm. A s i m i l a r  r i n d  of t u f a  



can be found on t h e  f l a n k s  o f  t h e  Negi t  is lets,  on b o u l d e r s  

a l o n g  t h e  s h o r e l i n e  f r i n g e s  o f  t h e  l a v a  f lows  on Neg i t  and 

Paoha i s l a n d s ,  and on beach c o b b l e s  and b o u l d e r s  l y i n g  on and 

n e a r  t h e  major  d e l t a s .  

Unl ike  t u f a  towers ,  t u f a  pavements, and s a n d  t u f a ,  

fo rmat ion  o f  which i n v o l v e s  groundwater ,  b o u l d e r  r i n d s  o f  

t u f a  are n o t  a  groundwater  phenomenon. Two l i n e s  o f  

r e a s o n i n g  l e a d  t o  t h i s  c o n c l u s i o n :  F i r s t ,  v e r y  f e w  o f  t h e  

b o u l d e r s  o c c u r  a t  r e c o g n i z a b l e  s p r i n g  si tes.  There  i s  n o t  a  

s i n g l e  known s p r i n g  on Neg i t  I s l a n d ,  i n  f a c t ,  y e t  s h o r e l i n e  

b o u l d e r s  on t h e  f r i n g e s  o f  t h e  Neg i t  l a v a  f lows  d i s p l a y  some 
m 

o f  t h e  t h i c k e s t  t u f a  r i n d s  a t  t h e  l a k e  (see Photo  3 2 c ) .  

Fur thermore ,  i f  l o c a l i z e d  s p r i n g  si tes w e r e  t h e  s o u r c e  of t h e  I 

calc ium-bear ing  w a t e r s ,  t h e  t h i c k n e s s  o f  t u f a  on Neg i t  

b o u l d e r s  c o u l d  be e x p e c t e d  t o  v a r y  a p p r e c i a b l y  from p o i n t  t o  I 

p o i n t  on t h e  i s l a n d ;  i n s t e a d ,  a t  $ny g i v e n  e l e v a t i o n  on a 

p a r t i c u l a r  l a v a  f low t h e  b o u l d e r  r i n d s  a r e  o f  approx imate ly  

un i fo rm t h i c k n e s s .  Secondly,  t h e  v a s t  m a j o r i t y  o f  t h e  

b o u l d e r s  a l o n g  t h e  s h o r e  o f  t h e  l a k e  l i e  on, and  a r e  embedded 

i n ,  sed iments  n o t  impregnated w i t h  t u f a .  Were groundwater  a 

f a c t o r  i n  t h e  p r e c i p i t a t i o n  o f  t h e  t u f a  r i n d s ,  it c o u l d  be 

e x p e c t e d  t h a t  sed iments  i n  c l o s e  p r o x i m i t y  t o  e a c h  of t h e  

b o u l d e r s  would be a t  l e a s t  p a r t i a l l y  tufa-cemented.  

R a t h e r  t h a n  having a groundwater  o r i g i n ,  t h e  ca lc ium 

e s s e n t i a l  t o  t h e  fo rmat ion  of t h e  t u f a  r i n d s  a p p e a r s  i n s t e a d  



t o  be  a b s t r a c t e d  from t h e  hypopycnal s t r a tum of  f reshwater  

t h a t  covers  much of t h e  l a k e  dur ing  pe r iods  o f  h igh stream 

discharge  (Photo 2 ) .  That t h e  s u r f i c i a l  s t r a tum of  f r e s h  

water can a t  t imes  mainta in  i t s  i n t e g r i t y  over  l a r g e  a r e a s  of  

t h e  s a l i n e  l a k e  w a s  i l l u s t r a t e d  dur ing  t h e  w in t e r s  of  1982-83 

and 1983-84. I n  a n t i c i p a t i o n  of abnormally high s p r i n g  

snowmelt t h e  LADWP i n  each of t hose  w in t e r s  r e l e a s e d  

s u b s t a n t i a l  amounts of water  down Rush and Lee Vining creeks ,  

A s  a r e s u l t  of t h e s e  r e l e a s e s ,  much of t h e  l a k e  surface--in 

most w i n t e r s  t o o  s a l i n e  t o  congeal--froze over  f o r  t h e  first 

t i m e  i n  t h e  memory of longtime Mono Basin r e s i d e n t s .  M r .  Don 

Banta of  Lee Vining viewed t h e  l ake  from t h e  Conway Summit 

V i s t a  Po in t  a long  Highway 395 on a ~ a n u a r ~  morning i n  1983. 

H e  r e p o r t s  t h a t  an unbroken s h e e t  of  i c e  s t r e t c h e d  from t h e  

western  sho re  t o ,  and we l l  beyond, t h e  i s l a n d s .  By Banta ' s  

e s t ima te ,  between two-thi rds  and f o u r - f i f t h s  of  t h e  l a k e  

s u r f a c e  was f rozen  over.21 

The p o i n t  here ,  of course ,  i s  not  t h a t  t h e  l a k e  s u r f a c e  

f roze ,  b u t  t h a t  enough f r e s h  water covered t h e  s a l i n e  l a k e  t o  

permit  f r e e z i n g  from t h e  western shore  t o  wel l  beyond t h e  

Mono i s l a n d s .  Consider next  t h a t  t h e  amount of d i s cha rge  

du r ing  each of t h e s e  two win te r s  was no t  h igh by s p r i n g  and 

summertime s t anda rds .  Indeed, t h e  amount of  f r e shwa te r  

f lowing o n t o  t h e  s u r f a c e  of Mono Lake dur ing  t h e  month of 

July  i n  each of t h e  high-inflow yea r s  1938, ' 52 ,  '67 ,  '69 and 



' 8 3  exceeded  t h e  d i s c h a r g e  d u r i n g  any  w i n t e r  month o f  1982-83 

and  1983-84 by  a f a c t o r  o f  between 2 and  10 .  It  must be 

c o n s i d e r e d  l i k e l y  t h a t  under  i n f l o w  c o n d i t i o n s  l i k e  t h o s e  

t h a t  o c c u r r e d  d u r i n g  t h e  l a t e  s p r i n g  and  summer of  1938,  '52,  I 

'67, ' 69  a n d  ' 8 3  a s t r a t u m  o f  f r e s h w a t e r  would c o v e r  much i f  

I 

n o t  a l l  o f  t h e  l a k e  s u r f a c e ,  p e r s i s t i n g  f o r  a p e r i o d  o f  weeks 

o r  e v e n  months.  Mixing o f  t h e s e  two f l u i d s  and  t h e  
1 

consequen t  p r e c i p i t a t i o n .  o f .  t u f a  would most r e a d i l y  o c c u r  

a l o n g  t h e  s h o r e  o f  t h e  l a k e  and  t h e  f r i n g e s  of t h e  i s l a n d s  I 

due  t o  wave a g i t a t i o n .  

A c t u a l  p r e c i p i t a t i o n  o f  t u f a  a l o n g  t h e  p y c n o c l i n e  w a s  I 

o b s e r v e d  f i r s t - h a n d  a t  Dechambeau Creek d u r i n g  t h e  lake-wide - 
" t u f a  bloom" o f  1984.  During t h e  p r e c e d i n g  y e a r s ,  t h i s  

stream, l i k e  most o t h e r s  t r i b u t a r y  t o  Mono Lake, had  i n c i s e d  I 

i n  r e s p o n s e  t o  t h e  d r o p  i n  l a k e  l e v e l .  Dur ing  t h e  l a k e  r i se  

o f  1982 and  ' 8 3  t h e  Dechambeau Creek c h a n n e l  w a s  e n g u l f e d  'I 

w i t h  s a l i n e  w a t e r  a l o n g  i t s  lower  r e a c h e s ,  c r e a t i n g  

hypopycnal  c o n d i t i o n s  w i t h i n  t h e  r i a .  The w r i t e r  examined I 

t h e  e n g u l f e d  p o r t i o n  o f  t h e  s t r e a m  s e v e r a l  t i m e s  i n  e a r l y  
I 

J u l y  o f  1984; as i n  dozens  o f  p r e v i o u s  v i s i t s ,  h e  obse rved  

t h e  hypopycnal  c o n d i t i o n s ,  b u t  saw no e v i d e n c e  o f  t u f a  Y 

p r e c i p i t a t i o n .  

On J u l y  22, a t h i n  e n c r u s t a t i o n  of  po rous  l i t h o i d  t u f a  

w a s  o b s e r v e d  forming on t h e  w a l l s  o f  t h e  Dechambeau Creek c u t  
I 

a t  t h e  l e v e l  of  t h e  p y c n o c l i n e .  A t  t h e  t i m e  o f  t h e s e  i n i t i a l  



observa t ions  p r e c i p i t a t i o n  of t u f a  was l i m i t e d  t o  p o i n t s  on 

t h e  channel  wa l l s  where pro t rud ing  vege ta t i on  and o t h e r  

i r r e g u l a r i t i e s  s e t  up zones of  tu rbu lence ,  f o r c i n g  t h e  mixing 

of t h e  two f l u i d s  (Photo 1 7 a ) .  On J u l y  24, j u s t  two days 

a f t e r  t h e  Dechambeau t u f a  bloom was f i rs t  observed, t h e  

p r e c i p i t a t e  covered t h e  wa l l s  of t h e  creek channel  t o  a 

t h i c k n e s s  of  over 40 cm (Photo 17b) .  This  

l ight-brownish-tan,  highly.  f r a g i l e  t u f a  had a s t r u c t u r a l  

framework sugges t ive  of  a  sponge (Photo 1 7 c j .  It c l o s e l y  

resembled i n  co lo r ,  s t r u c t u r e  and t e x t u r e  t h e  porous l i t h o i d  

t u f a  t h a t  composes.the i n t e r i o r  of most t u f a  towers .  

P r e c i p i t a t i o n  of t u f a  w i th in  t h e  r i a  of  Dechambeau Creek 

was sho r t - l i ved .  Whereas t u f a  formation a t  many o t h e r  s i t e s  

around t h e  l ake  cont inued i n t o  September and beyond, it 

p e r s i s t e d  only  a  few weeks i n  t h e  Dechambeau c u t .  

Furthermore, a lgae ,  which a t  many s i t e s  around t h e  l a k e  soon 

encased t h e  newly-deposited porous t u f a  i n  a t h i n  shea th  of 

durab le ,  dense t u f a ,  appa ren t ly  never  a c t e d  on t h e  Dechambeau 

Creek d e p o s i t .  By October 13, when t h e  Fr iends  of t h e  

P l e i s t o c e n e  v i s i t e d  t h e  s i te,  roughly h a l f  of t h e  porous t u f a  

had been eroded o f f , , t h e  channel  wa l l s  by streamflow, and i n  

January of 1985 cn ly  smal l  pa tches  of t h e  p r e c i p i t a t e  

remained. 

It i s  r e a d i l y  admit ted t h a t  t h e  hydro log ic  cond i t i ons  

w i th in  t h e  conf ines  of t h e  Dechambeau Creek c u t  a r e  markedly 



d i f f e r e n t  from t h o s e  a l o n g  t h e  l a k e  and i s l a n d  s h o r e l i n e s ,  

where t h e  tu fa -covered  b o u l d e r s  a r e  found.  N e v e r t h e l e s s ,  

w i t h  o b s e r v a t i o n s  t o  i n d i c a t e  t h a t  a  s t r a t u m  o f  

ca lc ium-bear ing  f r e s h w a t e r  can c o v e r  much, i f  n o t  most o f  t h e  

l a k e  s u r f a c e  d u r i n g  t i m e s  of h i g h  s t r e a m  inf low;  w i t h  

ev idence  t h a t  p r e c i p i t a t i o n  o f  t u f a  does  o c c u r  due t o  mixing 

o f  f r e s h -  and s a l t w a t e r  a t  t h e  pycnoc l ine ;  and i n  t h e  

absence  o f  a n o t h e r  s o u r c e  o f  ca lc ium-bear ing  w a t e r  t o  accoun t  

f o r  t h e  r i n d s  o f  t u f a  t h a t  c o v e r  t h e  s h o r e l i n e  b o u l d e r s ,  a n  

h y p o t h e s i s  t h a t  invokes  hypopycnal f low t o  e x p l a i n  t h e  t u f a  

r i n d s  on s h o r e l i n e  b o u l d e r s  and c o b b l e s  does  n o t  seem 

u n t e n a b l e .  

- Tufa. I n  a d d i t i o n  t o  pavements, towers ,  

c a l c i t e - i m p r e g n a t e d  d e f l u i d i z a t i o n  s t r u c t u r e s ,  b o u l d e r  and 

cobb le  r i n d s ,  f r a g i l e  "blossoms", and t h e  c r u s t  on t h e  s i d e s  

o f  t h e  Dechambeau Creek c u t ,  t u f a  a t  Mono Lake o c c u r s  a s  a  

t h i c k  c r u s t  t h a t  c o a t s  r e l i c t  t r e e  stumps. The l u x u r i a n t  

growth of  r u s h e s  and o t h e r  graminoid  v e g e t a t i o n  t h a t  

s u r r o u n d s  t h e  b a s e s  of  t h e s e  r o o t e d  d e r e l i c t s  t o d a y  (Photo  

18)  s u g g e s t s  t h a t  t h e  stumps a r e  a c t i n g  a s  "wicks", b r i n g i n g  

f r e s h  groundwater  t o  t h e  s u r f a c e  by c a p i l l a r y  a c t i o n .  It  

seems p l a u s i b l e  t h a t  ming l ing  of  c a p i l l a r y  w a t e r  w i t h  l a k e  

wa te r  on t h e  o u t s i d e  of t h e  stumps may accoun t  f o r  t h e  

p r e c i p i t a t i o n  of  t u f a  a t  t h e s e  s i tes .  



Problem of Ra 

Deposits of dense-l i thoid t u f a  a r e  being used with 

increas ing  confidence t o  radiometr ica l ly  da te  t h e  l a t e  

Quaternary f luc tua t ions  of Great Basin lakes  (Broecker and 

Walton, 1959; Broecker and Kaufman, 1965; Benson, 1978; 

Lajoie,  pers .  corn.., 19851,. Theoretically-derived 

c o e f f i c i e n t s  t h a t  co r rec t  f o r  t h e  dead (14c-f r ee )  carbon 

incorporated i n  t u f a  a t  t h e  time of deposi t ion have been 

developed f o r  P le is tocene  lakes  Lahontan and Bonneville, a s  

wel l  a s  f o r  Holocene water bodies including Walker and 

Pyramid lakes  (Benson, 1978, Broecker and Walton, 1959).  

These ca lcu la t ions  suggest t h a t  t u f a  a t  present-day Walker 

and Pyramid lakes should produce radiocarbon da tes  

approximately 400 years  t o o  o ld .  Environmental complexity 

has discouraged s i m i l a r  chronometric work i n  t h e  Mono Basin. 

Here, sublacus t r ine  volcanism and geothermal sp r ing  a c t i v i t y  

introduce l a rge  amounts of dead carbon t o  t h e  lake .  Addition 

of dead carbon may well  vary both s p a t i a l l y  and temporally, 

f u r t h e r  complicating t h e  der iva t ion  of cor rec t ion  

c o e f f i c i e n t s .  

Given t h e  unusually high carbonate content of Mono Lake 

water, one would expect t h e  discrepancy between a c t u a l  and 

radiocarbon da tes  on Mono t u f a  t o  be considerably g r e a t e r  

than a t  e i t h e r  Walker o r  Pyramid Lake. Limited empir ica l  



da ta  bear  t h i s  o u t .  Wood from ou te r  r ings  of one of t h e  

aforementioned tufa-covered stumps yielded a  14c d a t e  of 640 

years;  t u f a  from t h e  outs ide  of t h a t  same stump gave a  d a t e  

of 3240  years--a discrepancy of g r e a t e r  than 2600 years .  

Un t i l  an empir ical  r e l a t i o n s h i p  between a c t u a l  and 

radiometr ica l ly  derived ages of t u f a  a t  Mono Lake can be 

es t ab l i shed ,  it seems b e s t  t o  use t h e  abundance of 

non-calcareous organic  matter ava i l ab le  i n  t h e  l a t e  Holocene 

sediments, r a t h e r  than t u f a  depos i t s ,  f o r  14c con t ro l  of t h e  

lake l e v e l  curve. 

Tufa a s  a Sh*=el=ne Indicator at 

J ,a te  Holocene Mono Lake -- Sum- 

For reasons j u s t  discussed, t u f a  cannot y e t  be employed 

a s  a means of da t ing  t h e  l a t e  Holocene sur face  f l u c t u a t i o n s  

of Mono Lake. But s t rong arguments can be made t o  support 

t h e  not ion t h a t  c e r t a i n  types of t u f a  depos i t s  may be used a s  

i n d i c a t o r s  of former shore l ine  pos i t ion .  The f a c t  t h a t  

depos i t s  of beach pavement and sand t u f a  t y p i c a l l y  hew 

c l o s e l y  t o  shore l ine  contours,  f o r  instance,  i n d i c a t e s  t h a t  

t h e  mingling of freshwater and lakewater t h a t  r e s u l t e d  i n  

t u f a  p r e c i p i t a t i o n  occurred a t  t h e  shore l ine ,  r a t h e r  than 

along some sp r ing l ine  running a t  an angle t o  t h e  shore.  The 

l i t t o r a l  na ture  of t h e  sands t h a t  compose calcite-impregnated 



d e f l u i d i z a t i o n  s t r u c t u r e s ,  t o g e t h e r  wi th  t h e  apparent  need 

f o r  t h e  sands  t o  f i r s t  emerge from, then  be resubmersed i n  

t h e  l a k e ,  f u r t h e r  i n d i c a t e s  t h a t  t h e  formation of sand t u f a  

i s  n e c e s s a r i l y  a s h o r e l i n e  phenomenon. Considerable 

conf idence i n  t h e s e  i n t e r p r e t a t i o n s  accrues  from t h e  fact 

t h a t  wherever found i n  t h e  s u b s k f a c e  sedimentary r eco rd  a t  - 

l a t e  Holocene Mono Lake, beach pavement and sand t u f a  occur 

i n  a s s o c i a t i o n  wi th  what are c l e a r l y  l i t t o r a l  d e p o s i t s .  

Observat ions  made by t h e  w r i t e r ,  as w e l l  as by 

contemporary and previous  wdrkers, a t t e s t  t o  t h e  spo rad ic  

n a t u r e  of t u f a  formation a t  Mono Lake. It is  important  t o  

no te ,  t hen ,  t h a t  while t h e  presence of t u f a  pavements, 

o o l i t i c  sands  and sand t u f a  may be considered i n d i c a t i v e  of  a 

s h o r e l i n e  environment, t h e i r  absence does not  a t t e s t  t o  

n o n - l i t t o r a l  cond i t i ons .  

The degree  t o  which o t h e r  t y p e s  of t u f a  can be used as 

an i n d i c a t i o n  of former s h o r e l i n e  p o s i t i o n  remains open t o  

ques t ion .  There i s  a cons iderab le  amount of c i r c u m s t a n t i a l  

evidence t o  sugges t  t h a t  depos i t i on  of t u f a  r i n d s  on 

s h o r e l i n e  boulders  and cobbles  occurs  due t o  t h e  wave-induced 

mingl ing of f r e sh -  and s a l t w a t e r  a long  t h e  pycnolimnion; t o  

what dep th  t h i s  p r e c i p i t a t i o n  can occur,  however, i s  no t  

known. While t h e r e  i s  l i t t l e  doubt t h a t  t h e  f l a n g e s  t h a t  

' p r o t r u d e  from t h e  f l anks  of some t u f a  towers were depos i t ed  

a t  t h e  l e v e l  of t h e  l a k e  su r f ace ,  a s  proposed by La jo ie ,  



t h e r e  i s  no compelling reason t o  b e l i e v e  t h a t  product ion of 

t h e  towers  themselves i s  r e s t r i c t e d  t o  a s h o r e l i n e  

environment. Formation of towers,  a s  we l l  a s  of  t h e  t u f a  

casts t h a t  occur on r e l i c t  stumps, may we l l  occur  wherever 

t h e r e  i s  a s u f f i c i e n t  popula t ion  of algae--a f a c t o r  t h a t  

could conceivably a l low t u f a  formation a t  dep ths  of up t o  1 5  

m. These t y p e s  o f  t u f a ,  t h e r e f o r e ,  were no t  used i n  

c o n s t r u c t i n g  t h e  p r e - h i s t 0 r . i ~  f l u c t u a t i o n  curve f o r  Mono 

Lake. 



FOOTNOTES 

1 It i s  c l e a r  t h a t  Gi lber t  envisioned a  case of hypopycnal 
inflow i n  descr ibing h i s  model of d e l t a i c  sedimentation. . . He 
wrote (pg. 104),  f o r  instance,  of a  "SUD-& stratum of 
stream water" t h a t  8sshoots out  gver t h e  r e l a t i v e l y  s t i l l  
water of t h e  lake" (emphasis added).  

In  theory,  a  highly sinuous prograding stream could 
maintain an equi l ibr ium slope i n i t i a l l y  by reducing 
s inuos i ty .  A s  s inuos i ty  i s  l o s t ,  however, continued 
progradation would n e c e s s i t a t e  aggradation. 

3 In  a  s t r i c t  sense it i s  deposi t ion by t h e  d i s t r i b u t a r i e s ,  
r a t h e r  than by t h e  t runk stream i t s e l f ,  t h a t  b u i l d s  t h e  d e l t a  
lakeward. A c ross  sec t ion ' through t h e  unconfined por t ion  of 
G i l b e r t ' s  "normal de l t a" ,  the re fo re ,  would not  reveal  a 
simple progression of d i s c r e t e  f o r e s e t  beds, a s  i l l u s t r a t e d  
i n  h i s  work on Lake Bonneville, but r a t h e r  a  complex of 
onlapping f o r e s e t  cones, evidence of t h e  pe r iod ic  l a t e r a l  
s h i f t i n g  of t h e  d i s t r i b u t a r i e s .  

Gi lbe r t  noted t h a t  t h e  gradient  of t h e  d e l t a  p l a i n  
"diminishes gradual ly lakeward t o  t h e  foo t  of t h e  depos i t  
s lope [ t h a t  is, t o  t h e  d i s t a l  margin of t h e  d e l t a  p l a i n ] ,  s o  
t h a t  t h e  long i tud ina l  p r o f i l e  i s  s l i g h t l y  concave upward. A t  
t h e  head of t h e  deposi t  s lope [ i . e .  t h e  poin t  a t  which t h e  
t runk stream b i f u r c a t e s  t o  form t h e  d e l t a ]  t h e r e  i s  o f t e n  an 
abrupt change of grade." 

The s t a t e d  p a t t e r n  of d e l t a  evolut ion is, a t  l e a s t  i n  one 
respect ,  highly improbable: Thus, it is  u n r e a l i s t i c  t o  
assume t h a t  a  Gilbert-type d e l t a  b u i l t  i n t o  a  previously 
non-fluctuating lake  could be a t  d i f f e r e n t  t imes both 
submerged and inc i sed  due t o  wholesale changes i n  l ake  l e v e l ,  
a s  suggested i n  t h e  model. Throughout t h e  North American 
Great Basin, i n  f a c t ,  v i r t u a l l y  a l l  parent  d e l t a s  of Holocene 
age owe t h e i r  ex is tence  not t o  a  prolonged s t i l l s t a n d  ( t h e  
mode of formation suggested i n  t h e  model), but r a t h e r  t o  t h e  
drop i n  lake  l e v e l  and consequent i n c i s i o n  of high-standing 
Ple is tocene  d e l t a s  t h a t  occurred e a r l y  i n  Holocene t ime (see  
discussion,  pgs. 119-120) . 

The e a r l y  Holocene lake regression was punctuated by a t  
l e a s t  1 4  pronounced s t i l l s t a n d s  o r  minor r i s e s ,  each of which 
i s  marked by a  prominent shore l ine  embankment i n  "Mono 
Valley" north of t h e  present-day l ake .  These f e a t u r e s  
correspond t d  t h e  following lake e l eva t ions  ( i n  f e e t )  : 7033, 



, 6861 
6691, 6685, and  6605. 

, 6846, 6819, 6780, 6769, 6755, 6742, 
Three  o f  t h e s e  s t r a n d l i n e s  ( a t  6819' ,  

676g1,  a n d  6 7 5 S 1 ) ,  as w e l l  as s e v e r a l  o t h e r s  ( a t  6668' ,  
66401, 65901,  and  6 5 5 8 ' ) ,  are e x p r e s s e d  as  e r o s i o n a l  t e r r a c e s  
on B lack  P o i n t .  With no  c h r o n o m e t r i c  c o n t r o l  o v e r  e v e n t s  i n  
e a r l y  or  midd le  Holocene t i m e ,  it i s  p r e s e n t l y  i m p o s s i b l e  t o  
a s s i g n  a g e s  t o  t h e s e  l a k e - r e c e s s i o n a l  f e a t u r e s .  

S i n c e  Mono Lake ( i n  c o n t r a s t  t o  Lake R u s s e l l )  i s  by  
d e f i n i t i o n  a Holocene e n t i t y ,  t h e  d e l t a s  o f  Mono Lake are 
l i k e w i s e  Holocene i n  a g e .  It is  t h u s  r edundan t  t o  s p e a k  o f  
t h e  "Holocene d e l t a s  o f  ~ o n o  Lake". 

8 Seven l i t t o r a l  embankments mark t h e  s h o r e l i n e  r e c e s s i o n  o f  
t h e  mid-1920s t h r o u g h  mid-1930s on t h e  Rush Creek d e l t a .  
These seven  embankments c o i n c i d e  i n  e l e v a t i o n  w i t h  t h e  
s u r f a c e  o f  t h e  l a k e  i n  e a c h  o f  t h e  y e a r s  1925 t h r o u g h  1931.  
B a r s  a n d  berms d e p o s i t e d  d u r i n g  t h e  l a k e  r e c e s s i o n  o f  
1932-1937 w e r e  o b l i t e r a t e d  i n  1938 and ' 3 9 ,  when t h e  l a k e  
r o s e  o v e r  f o u r  f e e t  i n  r e s p o n s e  t o  abnormal ly  h i g h  i n f l o w .  

The f l o w  o f  M i l l  Creek i s  n o t  c o n t r o l l e d  by  LADWP, b u t  
r a t h e r  b y  S o u t h e r n  C a l i f o r n i a  Edison ,  which d i v e r t s  it 
t h r o u g h  a power g e n e r a t i n g  s t a t i o n  n o r t h  o f  t h e  s t r e a m  n e a r  
t h e  f r o n t  o f  t h e  S i e r r a  ~ e v a d a .  From t h e  g e n e r a t i n g  p l a n t  
t h e  w a t e r  f l o w s  t h r o u g h  a sys t em o f  i r r i g a t i o n  c h a n n e l s ,  
u l t i m a t e l y  e n d i n g  up i n  Wilson Creek.  The f l o w  o f  M i l l  Creek 
h a s  t h u s  been  d i m i n i s h e d  by  t h i s  d i v e r s i o n ,  w h i l e  t h a t  o f  
Wilson Creek,  under  n a t u r a l  c o n d i t i o n s  a t i n y  ephemera l  
s t r e a m ,  h a s  been  s u b s t a n t i a l l y  i n c r e a s e d .  ( T h i s  i n c r e a s e  i n  
f low,  r a t h e r  t h a n  a d r o p  i n  b a s e  l e v e l ,  a c c o u n t s  f o r  t h e  
d r a m a t i c  i n c i s i o n  o f  Wilson Creek t h a t  h a s  o c c u r r e d  s i n c e  
a b o u t  1940 . )  Because o f  l e a k a g e  f rom t h e  dam a t  Lundy Lake a  
s m a l l  amount o f  w a t e r  f l o w s  down M i l l  Creek even  i n  d r y  
y e a r s ,  c a r r i n g  sed imen t  t h a t  i s  d e p o s i t e d  a t  t h e  s t r e a m  
mouth. 

Holmes (1980) and  Wornardt (1964) c a t a l o g u e d  t h e  d i a t o m  
t a x a  p r e s e n t  i n  t h e  s e d i m e n t s  o f  Lake R u s s e l l .  

According  t o  Harding  (unpub. ) , t h i s  t r e e  grew a b o u t  0 .2  
m i l e  n o r t h  o f  Hammond's H o t e l  and  1 . 5  m i l e s  s o u t h  of  Mono 
Lake P.O. 

l2 On A p r i l  24, 1915 t h e  l a k e  s u r f a c e  s t o o d  a t  6425.27 f e e t ;  
b y  J u l y  1 3  o f  t h e  f o l l o w i n g  y e a r  it had r i s e n  t o  6426.51 
f e e t .  Lake r e a d i n g s  t a k e n  between t h e s e  two d a t e s  a r e  
c o n s i d e r e d  t o  b e  "obv ious ly  i n  e r r o r "  by  t h e  USGS. 



l3 Lajo ie ,  (1968, p.111) mis takenly i n t e r p r e t e d  t h i s  evidence 
t o  i n d i c a t e  t h a t  t h e  l a k e  had no t  s tood  above 6419 f e e t  f o r  
a t  least  150 y e a r s  p r i o r  t o  1857. 

l4 M r .  Kevin Dummer of  Albany, C a l i f o r n i a ,  prepared a 
v e g e t a t i o n  map of t h e  h i s t o r i c  shore lands  of  Mono Lake as a 
s t a t e  e x h i b i t  f o r  Federa l  L i t i g a t i o n  No. S-80-696, U.S.D.C., 
E . D .  C a l .  The map i s  recommended t o  a l l  who wish t o  pursue 
q u e s t i o n s  r e l a t e d  t o  t h e  r a t e  and dynamics of v e g e t a t i o n  
c o l o n i z a t i o n  of t h e  Mono shore lands .  

ls See d i s c u s s i o n  of  c a l i b r a t e d  radiocarbon d a t e s ,  Chapter  2, 
Sec t ion  F.  

l6 Recent ly  S i eh  ( p e r s .  copmunication) d i scovered  and d a t e d  a 
p y r o c l a s t i c  d e p o s i t  that.wa.s e j e c t e d  from t h e  Mono C r a t e r s  
approximately  900 years  BP. I t  appears  t h a t  t h e  t e p h r a  from 
t h i s  e r u p t i o n  i s  r e s t r i c t e d  . t o  an a r e a  sou th  of  t h e  lake ;  
nowhere has  it been i d e n t i f i e d  i n  c u t s  o r  p i t s  i n  t h e  s tudy  
a r e a  of  t h i s  t h e s i s .  I t  is  t h u s  no t  inc luded  i n  t h i s  
d i s c u s s i o n  of t h e  "widely d i spersed"  Mono Craters t eph ras .  

l7 Michael Dres s l e r ,  Pa lo  Al to ,  C a l i f o r n i a ,  p e r s  . comm., July, 
1985. 

Is P r o f e s s o r  John Melack, U.C. Santa  Barbara, p e r s .  comm., 
A p r i l  21, 1985. 

l9 The l a k e  margin occupied t h e  i n t e r v a l  6425-6428 f e e t  
between 1916 and 1925, and t h e  i n t e r v a l  6415-6418 between 
1938-1948. 

2o The d i s t r i b u t i o n  o f  r i p a r i a n  vege ta t i on  a l s o  r e f l e c t s  t h e  
r e l a t i v e  abundance of groundwater i n  t h e  no r the rn  q u a r t e r  o f  
t h e  Horse Creek Embayment. 

21 According t o  longtime Mono Basin r e s i d e n t  Don Banta (pe r s .  
comm., 1985) t h e  l a k e  s u r f a c e  i n  t h e  Western Embayrnent 
f r e e z e s  o f t e n  dur ing  t h e  win te r  months. January of .1983  w a s  
t h e  f i r s t  t ime t h a t  he had observed l a r g e  a r e a s  of t h e  rest 
of t h e  l a k e  f r e e z e  over .  



CHAPTER 3 

THE PRE-HISTORIC FLUCTUATIONS OF MONO LAKE 

Having examined t h e  va r ious  t y p e s  of evidence t h a t  can 

be  brought  t o  b e a r  i n  c o n s t r u c t i n g  a p r e - h i s t o r i c  f l u c t u a t i o n  

curve f o r  Mono Lake, it i s  now p o s s i b l e  t o  trace t h e  l a k e  

f l u c t u a t i o n s  themselves .  Following a d i scuss ion  aimed a t  

c o r r e c t i n g  c e r t a i n  misconceptions about t h e  behavior  of t h e  

l a k e  i n  mid-Holocene t ime,  t h e  l a t e  Holocene changes i n  l a k e  

l e v e l  a r e  p r e s e n t e d  from o l d e s t  t o  youngest,  beginning w i t h  

t h e  h igh  s t a n d  of 3490  y r s  BP. 

The purpose he re  i s  no t  t o  p r e s e n t  a l l  e x i s t i n g  evidence 

f o r  each p o i n t  on t h e  curve,  b u t  simply t o  e s t a b l i s h  t h e  

curve u s i n g  t h e  most s t r a i g h t f o r w a r d  evidence a v a i l a b l e .  

Subsequent ly  (Chapter 4 ) ,  s e v e r a l  s t r a t i g r a p h i c  s e c t i o n s  

desc r ibed  i n  t h e  t h e s i s  w i l l  be d i scussed  i n  t h e  con tex t  of 

t h e  l a k e  f l u c t u a t i o n  curve,  t h u s  p rov id ing  a "checkw on t h e  

curve .  

The l a k e  l e v e l  curve spanning t h e  p a s t  3500 radiocarbon 

y e a r s  i s  shown on F igure  16.  The l a k e  f l u c t u a t i o n s  a r e  

p l o t t e d  a g a i n s t  radiocarbon y e a r s  from 3500 BP t o  1610 BP, 

and a g a i n s t  c a l i b r a t e d  radiocarbon d a t e s  f o r  t h e  p a s t  1610 



ELEVATION (meters) 



y e a r s .  Note t o o  t h a t  t h e  f l u c t u a t i o n s  a r e  d e p i c t e d  a s  

s t r a i g h t  segments  l i n k i n g  h i g h  s t a n d s  w i t h  low s t a n d s  and 

v i c e  v e r s a .  I t  must b e  a p p r e c i a t e d  t h a t  i n  a c t u a l i t y  e a c h  

t r a n s g r e s s i o n  and r e c e s s i o n  was c h a r a c t e r i z e d  by shor t - t e rm 

r e v e r s a l s  and s t i l l s t a n d s ,  ev idence  o f  which can  sometimes b e  

d i s c e r n e d  i n  t h e  sed imenta ry  and geomorphic r e c o r d s ,  b u t  t h e  

t i m i n g  and d u r a t i o n  o f  which cannot  b e  a c c u r a t e l y  de te rmined .  

I n  drawing t h e  l a k e  f l u c t u a t i o n  curve ,  and  i n  c o n s i d e r i n g  t h e  

p a l e o c l i m a t i c  i m p l i c a t i o n s  o f  t h e  curve  (Chapter  6 ) ,  t h e n ,  

t h e  i n t r i c a c i e s  o f  i n d i v i d u a l  t r a n s g r e s s i o n s  and  r e c e s s i o n s  

have been i g n o r e d .  

P r e l u d e  i n  Mid - 
S i n c e  t h e  1930s and '40s ,  when E r n s t  Antevs f i r s t  

proposed h i s  t h r e e - f o l d  c l i m a t i c  d i v i s i o n  f o r  t h e  Holocene o f  

w e s t e r n  North America (Antevs, 1931, 1948) ,  much h a s  been 

w r i t t e n  o f  t h e  "Al t i the rmal" ,  a  supposed p e r i o d  of warm, d r y  

c l i m a t i c  c o n d i t i o n s  t h a t  p e r s i s t e d  from 7000 t o  4000 y e a r s  

ago.  The concept  o f  a n  A l t i t h e r m a l  i n t e r v a l  i s  s o  d e e p l y  

e n t r e n c h e d  i n  t h e  Grea t  Bas in  l i t e r a t u r e  t h a t  i n  many 

q u a r t e r s  it h a s  become synonymous w i t h  wmid-Holocene". 

D e s p i t e  r e c e n t  arguments  ( e . g .  Mar t in ,  1963; Aschmann, 1958; 

Harper  and A l d e r ,  1970) c h a l l e n g i n g  t h e  a u t h e n t i c i t y  o f  

Antevs '  "Long Drought" (Antevs, 1953, 1955) ,  t h e  b e l i e f  i n  

w3,000 y e a r s  of e x c e s s i v e  warmth" (Matthes,  1942a1, "a 



widespread pe r iod  of maximum a r i d i t y "  (Born, 1972) ,  and "an 

extremely w a r m  c l i m a t i c  per iod"  (Heizer and E l sa s se r ,  1980) ,  

i n  t h e  Great  Basin between -7000 and -4000 yea r s  ago l i v e s  

on. The purpose of t h i s  s e c t i o n  i s  t o  examine t h e  

assumptions and reasoning t h a t  l e d  Antevs and o t h e r  e a r l y  

workers t o  i n f e r  t h e  e x i s t e n c e  of a Great  Basin A l t i t he rma l  

i n t e r v a l .  I t  w i l l  be shown t h a t  t h e  t r i p a r t i t e  model, as 

a p p l i e d  t o  t h e  Great  Basiq.,of North America, is  a concept 

roo ted  i n  preconception,  misinformation,  and c i r c u l a r  

reasoning,  and t h a t  it has  l e d  t o  erroneous and 

counterproduct ive  specu la t ion  t h a t  has  p r e j u d i c e d - t h e  

i n t e r p r e t a t i o n  of  Great  Basin s a l i n e  l akes ,  i nc lud ing  Mono 

Lake. 

tic m o w .  Antevsl  

t r i p a r t i t e  d i v i s i o n  of t h e  Holocene is  based on t h e  Swedish 

c l i m a t i c  chronology, which inc ludes  a pe r iod  of  "Post-Glacial  

t empera ture  maximum" l a s t i n g  from approximately 7000 to 4000 

y e a r s  ago (Antevs, 1931, 1952) . Antevs be l i eved  t h a t  t h e  

Great  Basin l a c u s t r i n e  record  provided a b a s i s  f o r  app ly ing  

t h i s  same c l i m a t i c  chronology t o  t h e  western United S t a t e s .  

According t o  h i s  model, t h e  e a r l y  Holocene, from 9000 t o  7000 

y e a r s  ago, w a s  a pe r iod  of cool ,  moist  c l i m a t i c  cond i t i ons  

t h a t  kept  c lo sed  l akes  a t  l e v e l s  h ighe r  t han  t h o s e  of modern 

t imes .  Antevs envis ioned r i s i n g  temperatures  i n  t h e  Great  

Basin toward t h e  end of t h i s  per iod ;  he t h u s  named it t h e  



nAnathermal" ("anat' = upward) . He believed that the 

Anathermal interval was followed by 3000 years of Altithermal 

conditions, when terminal lakes of the Great Basin 

disappeared due to the persistence of aridity and high 

temperatures ("alti" = high). The supposed reappearance of 

the lakes some 4000 years:'ago marked the end of Altithermal 

time and the beginning of the wMedithermalt', an interval that 

Antevs perceived as being-.intermediate in temperature and 

moisture conditions ("medi" = of intermediate degree) 

(Antevs, 1948). 

Antevs' evidence for both the nature of his proposed 

Great Basin climates and the timing of the climatic changes 

is surprisingly scant. His conclusions rest entirely on the 

presumed fluctuations of three Great Basin water bodies: 

Abert and Summer lakes in southeastern Oregon, and Owens Lake 

in east-central California. He defined the beginning of the 

Altithermal interval on the basis of the sedimentary record 

at Summer Lake. Following the stratigraphic work of Allison 

(1945), who identified what he believed to be Mazama ash in 

Summer Lake sediments, Antevs concluded that at the time of 

the Mazama eruption the lake surface stood "at least 45 feet 

above the highest stand attained during the Medithermal [that 

is, during the past 4000 years], and at least 90 feet above 

the present [1940'sl lake level. " Based on this information, 

and on presumed sedimentation rates, Antevs wrote that prior 



t o ,  and " fo r  a t  l e a s t  1500 years" following t h e  erupt ion  of 

M t .  Mazama, " the cl imate was d i s t i n c t l y  moister than a t  

present . "  Antevs bel ieved t h e  Mazama ash t o  be approximately 

8500 years  old;  he thus  concluded t h a t  a cool, moist c l imate 

prevai led  u n t i l  around 7000 years  ago, when warm, dry  

condi t ions ushered i n  t h e  ~ l t i t h e r m a l  i n t e r v a l  (Antevs, 

1948) .  This -7000-year da te  was e s p e c i a l l y  appealing t o  

Antevs, s i n c e  t h e  Swedish ,,. chronology, t o  which he s o  c lose ly  

adhered (Antevs, 1931; 1'936, l956) ,  includes t h e  onset  of 

warm, dry condi t ions  a t  t h a t  same time. 

I t  i s  now known t h a t  t h e  erupt ion of M t .  Mazama took 

p lace  not 8500 years  ago, but approximately 6800 years  BP 

(Bacon, 1983) .  I f  Antevs' b e l i e f  t h a t  '1500 years  of mesic 

condi t ions  followed t h e  Mazama erupt ion i s  appl ied  t o  t h i s  

da te ,  it would have t o  be concluded t h a t  c l ima t i c  condi t ions  

"were d i s t i n c t l y  moister than a t  p-resent" u n t i l  perhaps 5300 

years  ago--in o t h e r  words, t h a t  t h e  cl imate was more mesic 

than a t  present  throughout t h e  f i r s t  two-thirds of t h e  

"Alti thermal i n t e r v a l " .  Antevs was confronted with t h i s  

apparent con t rad ic t ion  i n  t h e  e a r l y  1950s, when Arnold and 

Libby (1951) ran t h e  f i r s t  radiocarbon da tes  on t h e  Mazama 

erupt ion .  So convinced was Antevs t h a t  t h e  Alt i thermal  began 

7000 years  ago t h a t  he r e j ec ted  t h e  radiocarbon da tes  a s  

being "improbable" (Antevs, 1955) . 



Antevsl method of assigning a  da te  t o  t h e  beginning of 

h i s  Al t i thermal  i n t e r v a l  was undermined i n  t h e  mid-1960s, 

when Al l i son  (1966) reported t h a t  t h e  Summer Lake tephra  

which he had i n t e r p r e t e d  t o  be from M t .  Mazama was a c t u a l l y  

an ash  t h a t  was e j e c t e d  from an unknown source more than  

30,700 years  ago. The implicat ions of t h i s  co r rec t ion  

r e l a t i v e  t o  t h e  beginning of "Altitherrnal t imew have been 

overlooked, however, and Antevs' i n t e r p r e t a t i o n  of t h e  Summer 

Lake record continues t o  be c i t e d  a s  evidence f o r  t h e  onset  

of "Alt i thermal  conditions".  

Antevs contended t h a t  t h e  mid-Holocene i n  t h e  Great 

Basin was charac ter ized  by t h e  disappearance of te rminal  

l akes .  He based t h i s  conclusion not on d i r e c t  evidence of 

lake  des icca t ion ,  but on s a l t  budgets der ived by Van Winkle 

( 1 9 1 4 )  a t  Summer and Abert lakes,  and by Gale (1915) a t  Owens 

Lake. Gale est imated t h e  accumulation time f o r  t h e  sodium i n  

Owens Lake t o  be 3500 years ,  and suggested t h a t  t h i s  much 

time had elapsed s ince  t h e  l ake  was l a s t  "freshenedtt by 

overflow. Antevs accepted Gale 's  es t imate  of accumulation 

t ime ( r a t h e r ,  he rounded it t o  4000 y e a r s ) ,  but argued t h a t  

t h e  l ake  could not  have overflowed during t h e  cen tu r i e s  and 

mi l lennia  p r i o r  t o  4000 years ago because of t h e  warm, dry 

condi t ions  t h a t  he bel ieved prevai led  during t h a t  i n t e r v a l .  

He maintained i n s t e a d  t h a t  t h e  "freshening" was a  r e s u l t  of 

t h e  d e f l a t i o n  and b u r i a l  of s a l t s  due t o  des icca t ion  of t h e  



lake .  Some 4000 years ago, by Antevs' i n t e r p r e t a t i o n ,  t h e  

lake  reappeared, marking t h e  end of ~ l t i t h e r m a l  time (Antevs, 

1938).  Clear ly,  Antevs' use of Owens Lake a s  "proof" of a 

warm, dry  mid-Holocene i s  predica ted  on h i s  assumption t h a t  

t h e  l ake  des icca ted  r a t h e r  than overflowed p r i o r  t o  4000 

years  ago; t h i s  is  -but one of many cases  i n  which h e .  

r e s o r t e d  t o  c i r c u l a r  reasoning i n  order  t o  "prove" t h e  

ex i s t ence  of a Great Bag~n.Al t i therma1 i n t e r v a l .  

The question of whether Gale 's  r e s u l t s  i n d i c a t e  

des icca t ion ,  a s  opposed t o  overflow, of Owens Lake i n  

mid-Holocene time i s  rendered moot by recent  reevalua t ions  of 

t h e  Owens Lake s a l t  economy. Langbein (1961), i n  h i s  work on 

t h e  s a l i n i t y  of terminal  lakes ,  ca lcu la ted  t h e  accumulation 

time f o r  sodium a t  Owens Lake t o  be jus t  1700 years,  r a t h e r  

than  t h e  3500 years  reported by Gale; s imi la r ly ,  

c a l c u l a t i o n s  by Smith (1976) i n d i c a t e  t h a t  t h e  s a l t s  i n  Owens 

Lake "appear t o  be t h e  residue of about 2000 years  of 

evaporat ive concentrat ion."  In l i g h t  of modern information, 

then,  Owens Lake's l a s t  freshening cannot be used e i t h e r  t o  

prove t h e  exis tence ,  o r  t o  mark t h e  terminat ion,  o f  

, nAlt i thermal  t imew; indeed, u n t i l  t h e  climatically-induced 

su r face  f l u c t u a t i o n s  of mid-Holocene Owens Lake have been 

determined, t h a t  lake i s  i r r e l e v a n t  t o  a discussion of t h e  

"Alti thermal i n t e r v a l " .  

Antevs' b e l i e f  i n  a change from warm/dry t o  cool/moist 



cond i t i ons  4000 y e a r s  ago (Antevs, 1938, 1948) was r e i n f o r c e d  

by t h e  s a l t  budgets  f o r  A b e r t  and Summer lakes--two l a k e s  

which d i d  no t  overflow, and which t h e r e f o r e  could  have been 

f reshened  on ly  by d e s i c c a t i o n .  Van Winkle 's  c a l c u l a t i o n s  

i n d i c a t i n g  sodium-accumulation t i m e s  of 4000 years ,  however, 

have been shown t o  be  m a t h a t i c a l l y  l1defectiveW by Langbein 

(1961) .  Though Langbein d i d  no t  r e c a l c u l a t e  t h e  sodium 

economy f o r  Summer Lake, h i s  r eeva lua t ion  of  t h e  Abert budget 

y i e l d e d  a va lue  of  j u s t  500 yea r s .  The Oregon l akes ,  then ,  

l i k e  Owens Lake, say  no th ing  about t h e  commencement, 

e x i s t e n c e ,  o r  t e rmina t ion  of an Al t i t he rma l  i n t e r v a l .  

Thus, it can be seen t h a t  Antevs'  A l t i t he rma l  i n t e r v a l  

i s  a concept  founded on erroneous i n t e r p r e t a t i o n s ,  c i r c u l a r  

reasoning ,  and preconcept ions  stemming from t h e  Swedish 

chronology; t h e  evidence c i t e d  by Antevs i n  h i s  a t t empt  t o  

ex tend  t h e  Swedish sequence t o  t h e  Great  Basin is ,  i n  l i g h t  

of modern informat ion,  i r r e l e v a n t  t o  a d i s c u s s i o n  of  t h e  

c l i m a t i c  c o n d i t i o n s  t h a t  c h a r a c t e r i z e d  mid-Holocene t ime .  

Desp i te  t h e  weakness of i t s  conceptua l  foundat ion,  however, 

Antevs '  p o s t - g l a c i a l  c l i m a t i c  sequence has  p e r s i s t e d  f o r  

decades wi th  l i t t l e  c r i t i c i s m .  The s i m p l i c i t y  (as w e l l  as 

t h e  appa ren t  a u t h o r i t y )  of  t h e  model made it e s p e c i a l l y  

a t t r a c t i v e  t o  a r c h e o l o g i s t s ,  b i o l o g i s t s  and g e o l o g i s t s .  

S h o r t l y  a f t e r  t h e  t r i p a r t i t e  sequence was p u t  i n t o  p r i n t ,  

s c i e n t i s t s  from t h e s e  o t h e r  d i s c i p l i n e s  began t o  r e i n f o r c e  



and p e r p e t u a t e  t h e  Ana-, A l t i - ,  and Medithermal concept.  

F r a n ~ o i s  Matthes (1938, 1939, 1942a, 1942b), f o r  i n s t ance ,  

took an i n t e r e s t  i n  t h e  Al t i thermal  i n t e r v a l  because o f  i t s  

p o t e n t i a l  a p p l i c a b i l i t y  t o  problems of Holocene g l a c i a t i o n  i n  

t h e  S i e r r a  Nevada and o t h e r  mountain ranges of  t h e  western  

United S t a t e s .  Matthes ventured t h a t  t h e  same w a r m ,  d ry  

cond i t i ons  t h a t  reputed ly  des i cca t ed  Owens ~ a k e  i n  

mid-Holocene t ime would have melted any i c e  p e r s i s t i n g  from 

t h e  l a s t  P l e i s tocene  g l a c i a t i o n .  The present-day g l a c i e r e t s  

of t h e  S i e r r a ,  he reasoned, a r e  not  remnants of  P l e i s tocene  

i c e  tongues,  bu t  r a t h e r  t h e  product  of a minor r e g l a c i a t i o n  

( h i s  " L i t t l e  I c e  Age") t h a t  began concurrent  wi th  what Antevs 

be l i eved  t o  be t h e  r e b i r t h  of Owens Lake some 4000 y e a r s  ago 

(Matthes, 1939, 1942b) .  

Matthes made no q u a n t i t a t i v e  comparison between t h e  

c l i m a t i c  cond i t i ons  necessary t o  d e s i c c a t e  Owens Lake and t h e  

cond i t i ons  needed t o  waste t h e  S i e r r a n  g l a c i e r s .  H i s  b e l i e f  

t h a t  Antevsl  proposed l a k e  d e s i c c a t i o n  was tantamount t o  

g l a c i e r  e x t i n c t i o n  i s  mere con jec tu re .  I n  t h e  absence of 

a c t u a l  evidence of  t h e  mid-Holocene demise of S i e r r a n  

g l a c i e r s ,  Matthes conclusions  simply assume, r a t h e r  t h a n  

prove, t h e  e x i s t e n c e  of wAl t i thermal"  c l i m a t i c  cond i t i ons .  

This  p o i n t  appa ren t ly  escaped Antevs, who, i n  another  case of  

c i r c u l a r  reasoning,  c i t e d  Matthes '  conclusions  as 

independently-derived cor robora t ion  of an Al t i t he rma l  



interval. Writing in his widely-circulated publication of 

1948, Antevs paraphrased Matthes to the effect that during 

mid-Holocene time there was "complete or essential 

disappearance of permanent ice in the mountains, which means 

a long warm age." 

Matthes' work helped,bolster the Altithermal concept in . 

another important way. In 1940 he attempted to "verify" 

Antevs' presumption that Owens Lake desiccated in 

mid-Holocene time. Citing the logs of cores extracted from 

the lake floor, Matthes reported that the sediments 

immediately underlying the lake are composed of lacustrine 

clays, and that these clays are in turn underlain by alluvial 

sands and gravels. He interpreted this sedimentary sequence 

as proof of Antevs' lake-desiccation hypothesis: the 

alluvial sediments, according to Matthes, "undoubtedly 

indicate a prolonged period of dessication [sic]" when 

disappearance of the lake permitted streams to carry coarse 

sediment onto the basin floor; he assigned the alluvium to 

the Altithermal period. The overlying lacustrine clays, by 

Matthes' interpretation, indicate the reappearance and 

continued existence of the lake in Medithermal time (Matthes, 

1940). 

~t first glance Matthes' work does appear to corroborate 

the Antevs hypothesis of Altithermal lake desiccation. But 

the thicknesses of the stratigraphic units that underlie 



Owens Lake b e l i e  Mat thes9  i n t e r p r e t a t i o n .  The a l l u v i u m  

c o n s t i t u t e s  " s e v e r a l  hundred feet",  a c c o r d i n g  t o  him, w h i l e  

t h e  o v e r l y i n g  c l a y  body i s  "over  400 feet t h i c k "  (Matthes,  

1 9 4 0 ) .  To a s s i g n  t h e  accumula t ion  of  more t h a n  400 feet of 

c l a y  t o  p o s t - A l t i t h e r m a l  t ime,  a s  Mat thes  d i d ,  i s  un tenab le ;  

it r e q u i r e s  an  accumula t ion  rate of a p p r o x i m t a t e l y  one f o o t  - 

p e r  decade--far  i n  e x c e s s  of  known c l a y  accumula t ion  rates a t  

o t h e r  comparable terminal, . .  l a k e s  . 2  Moreover, h i s  

i n t e r p r e t a t i o n  r e q u i r e s  ' e i t h e r  t h a t  t h e  Owens Lake d e p r e s s i o n  

w a s  o v e r  700 f e e t  deeper  7000 y e a r s  ago t h a n  it i s  a t  

p r e s e n t ,  o r ,  a l t e r n a t i v e l y ,  t h a t  t h e r e  h a s  been more t h a n  700 

feet  o f  r e l a t i v e  subs idence  o f  t h e  Owens Lake f l o o r  s i n c e  t h e  

b e g i n n i n g  o f  t h e  " A l t i t h e r m a l  i n t e r v a l " .  More l i k e l y ,  t h e  

sequence  of sediments  t h a t  Matthes d e s c r i b e d  from Owens Lake 

r e p r e s e n t s  an accumula t ion  t i m e  of  many hundreds  o f  thousands  

o f  y e a r s .  3 

S u r p r i s i n g l y ,  Mat thes '  work a t  Owens Lake, and  i t s  

b e a r i n g  on mid-Holocene g l a c i e r  e x t i n c t i o n ,  e scaped  p u b l i s h e d  

cr i t ic ism.  That  work, and Antevs9  r e i t e r a t i o n  of it, 

c o n t i n u e  t o  be c i t e d  a s  ev idence  o f  a n  " A l t i t h e r m a l  

i n t e r v a l " .  

e t u a t l o n o f - .  A d e t a i l e d  

rev iew o f  t h e  many c a s e s  i n  which t h e  t r i p a r t i t e  model h a s  

been p e r p e t u a t e d  u n c r i t i c a l l y  (and t h e r e b y  r e i n f o r c e d )  i s  



beyond the scope of the present work. Suffice it to say that 

Matthes was but the first of dozens of Great Basin scientists 

to sieze upon Antevs' Altithermal concept. Unaware of the 

complexities and vicissitudes of post-glacial climate (see 

below), and swayed by a term ("Altithermal") and its many 

synonyms (e . g. megathermal, xerothermal, thermal maximum, 
climatic optimum, post-Glacial temperature maximum, The Long 

Drought, etc.) that beg the. question of mid-Holocene climatic 

conditions, many workers, like Matthes, have accepted Antevs 

sequence as axiomatic, forcing their findings into the 

Procrustean bed of the tripartite model. 

At the very least, the Antevs model has fostered an 

overly simplistic view of Holocene climate in the Great 

Basin. This has led to an underemphasis on, and a lack of 

appreciation for, short-term (e.g. centuries-long) changes in 

climate. Yet as Peter Mehringer has pointed out, it is 

probable that climatic variation w i t h i n  each of Antevst three 

major subdivisions was greater than any differences b e t w e e n  

the major subdivisions (Mehringer, 1985). While there can be 

little doubt, for example, that there were periods of 

relatively warm, dry climate during the mid-Holocene (just as 

there have been times of warm dry climate during the late 

Holocene), increasing evidence indicates that these xeric 

spells were puncutuated with conditions cool and moist enough 

to instigate minor glaciation in the Sierra Nevada (Curry, 



1969) and t h e  Rocky Mountains (Richmond, 1960; see  a l s o  

Benedict and Olson, 1978).  Nor can t h e  c l i m a t i c  condi t ions 

t h a t  e x i s t e d  during t h e  so-cal led "Medithermal" i n t e r v a l  be 

charac te r i zed  i n  t h e  simple terms used by Antevs. Rather 

than  being a per iod  of "intermediate" c l ima t i c  condi t ions,  

t h e  l a s t  4000 years  has bqen charac ter ized  by s i g n i f i c a n t  - 

g l a c i e r  advance, a s  wel l  a s  g l a c i e r  e ~ t i n c t i o n ; ~  it has been 

a t ime during which Abert,. Summer, and Owens l akes  reached 

r e l a t i v e l y  high sur face  e levat ions ,  a s  wel l  a s  a time when, 

based on Langbein's and Smith's s a l t  budgets, those  same 

lakes  desiccated;  and, a s  w i l l  be shown, it has been a 

per iod  during which t h e  sur face  of Mono Lake has f luc tua ted  

o f t en  and widely, over a v d r t i c a l  range of up t o  40  meters. 

One unfortunate  consequence of t h i s  overs impl i f ica t ion  

has been t h a t  i n  t h e  absence of chronometric cont ro l ,  workers 

have tended t o  ass ign  any geological  o r  b i o l o g i c a l  evidence 

of marked Holocene x e r i c i t y  t o  "Alti thermal time", thus  

ignoring t h e  p o s s i b i l i t y  t h a t  severe and p e r s i s t e n t  droughts 

may have occurred during t h e  supposedly c l i m a t i c a l l y  moderate 

"Anathermal" and "Medithermal" i n t e r v a l s .  Workers a t  Great 

. S a l t  Lake, f o r  instance,  suggest t h a t  t h e  submerged 

des icca t ion  polygons t h a t  cover t h e  lake  f l o o r  a r e  

Al t i thermal  f e a t u r e s  t h a t  formed when t h e  lake d r i e d  up 

"during one o r  more mid-Holocene i n t e r v a l s  of maximum 

a r i d i t y "  (Currey, 1980). While it i s  indeed poss ib le  t h a t  



t h e  l a k e  d e s i c c a t e d  i n  mid-Holocene t ime,  it is  h i g h l y  

u n l i k e l y  t h a t  t h e  submerged polygons would be v i s i b l e  on 

a e r i a l  photos today i f  t hey  were covered with  4000 y e a r s  of  

l a c u s t r i n e  sediment; u n t i l  format ion of t h e  polygons can be  

da ted ,  t h e  p o s s i b i l i t y  t h a t  t h e  l a k e  d e s i c c a t e d  w i t h i n  

post -"Alt i thermal"  t ime must be en t e r t a ined . '  

1,ake in mid - Holocene t ~ l g  . Mono Lake has  been t h e  

s u b j e c t  of s i m i l a r  specu la t ion .  S c h o l l  and h i s  co-workers 

(19671, f o r  i n s t ance ,  t e n t a t i v e l y  a t t r i b u t e  format ion of t h e  

s u b l a c u s t r i n e  t e r r a c e  t h a t  surrounds t h e  l a k e  a t  an  e l e v a t i o n  

of approximately 6368 f e e t  t o  a  d rop  i n  l a k e  l e v e l  d u r i n g  

A l t i t h e r m a l  t i m e .  La jo i e  (1968) proposed a  similar age and 

exp lana t ion  f o r  t h i s  "Schol l  t e r r a c e " ,  and specu la t ed  t h a t  

t h e  sand dunes n o r t h  of  t h e  l a k e  were a l s o  f e a t u r e s  of  t h e  

A l t i t h e r m a l  i n t e r v a l .  I t  w i l l  be shown i n  l a t e r  s e c t i o n s  of  

t h i s  work, however, t h a t  t h e  t e r r a c e  was formed j u s t  -1800 

y e a r s  ago (and indeed marks t h e  l a t e  Holocene low s t a n d  o f  

the l a k e ) ,  and t h a t  t h e  sand dunes are l i kewise  f e a t u r e s  o f  

l a t e  Holocene t i m e .  

Th is  s tudy  y i e l d e d  no d i r e c t  evidence t h a t  might cast 

l i g h t  on t h e  behavior  of Mono Lake du r ing  t h e  m i d - H ~ l o c e n e . ~  

A t  t h i s  t ime it i s  known only t h a t  dur ing  t h e  e a r l y  o r  middle 

p o r t i o n s  of t h e  Holocene Epoch t h e  l a k e ' s  t r i b u t a r y  s t reams  

c u t  canyons graded t o  a  l a k e  s u r f a c e  a t  o r  below t h e  



approximate l e v e l  of t h e  H i s t o r i c  High Stand.  These canyons 

were engulfed by t h e  l a k e  dur ing  a  t r a n s g r e s s i o n  t h a t  began 

sometime be fo re  3490 y r s  BP. 



3490 yrs BP--The Dechambeau Ranch High Stand 

Thir ty-four  hundred and n i n e t y  radiocarbon yea r s  ago 

Mono Lake a t t a i n e d  a h igh  s t a n d  ( h e r e a f t e r  c a l l e d  t h e  

"Dechambeau Ranch High Stand") of 6499 f e e t ,  a l e v e l  t h a t  it 

had no t  occupied s i n c e  t h e  d e c l i n e  o f  P l e i s t o c e n e  Lake 
,'. 

Russe l l ,  and t h a t  it h a s  no t  reached s i n c e .  A t  t h e  t i m e  of  

t h e  h igh  s t a n d  t h e  canyons of t h e  major t r i b u t a r y  streams 

were engulfed by t h e  lake ,  i n s t i g a t i n g  t h e  depos i t i on  of  

confined-onset  d e l t a s  and f i l l  t e r r a c e s .  The l a k e  l e f t  a 

geomorphic and v e g e t a t i v e  s t r a n d l i n e  t h a t  p e r s i s t s  today  on 

many a r e a s  of t h e  shore lands .  

The con f igu ra t ion  of t h e  l a k e  margin a t  t h e  t ime  of  t h e  

Dechambeau Ranch High Stand i s  shown on F igure  17.  The 

expanded l a k e  had a circumference o f  77,490 meters and a 

s u r f a c e  a r e a  of  78,665 a c r e s  (= 31,835 ha)  . Evidence t o  be  

d i scussed  i n  Chapter  5 i n d i c a t e s  t h a t  no i s l a n d s  e x i s t e d  a t  

t h e  t ime of t h e  Dechambeau Ranch High Stand.  

ure o m  strandline. The geomorphic s t r a n d l i n e  

, a s s o c i a t e d  wi th  t h e  Dechambeau Ranch High Stand can be  t r a c e d  

around most of t h e  l a k e  ( s ee  topographic  p r o f i l e s ,  P l a t e  6 ) .  





It t a k e s  t h e  form of an  a b r a s i o n  p l a t f o r m  and c l i f f l i n e  on 

s h o r e l a n d s  w i t h  a  g r a d i e n t  i n  e x c e s s  o f  approx imate ly  4 % .  

T h i s  i n c l u d e s  t h e  f r o n t s  o f  t h e  P l e i s t o c e n e  d e l t a s ,  t h e  

e a s t e r n  and wes te rn  f l a n k s  o f  Black P o i n t ,  t h e  Western, 

Dechambeau Ranch, and Horse Creek embayments, and  l o n g  

s t r e t c h e s  o f  t h e  n o r t h e r n  a n d  s o u t h e a s t e r n  s h o r e l a n d s .  On 

f l a t t e r  s h o r e l a n d s ,  i n c l u d i n g  t h o s e  around B r i d g e p o r t  and 

Cottonwood c r e e k s  and a s h o r t  s t r e t c h  n o r t h e a s t  o f  Simon's  

S p r i n g s ,  t h e  s t r a n d l i n e  i s  e x p r e s s e d  as a  b road  embankment 

t h a t  l o c a l l y  ( e . g .  immedia te ly  w e s t  o f  B r i d g e p o r t  C r e e k )  h a s  

been d e f l a t e d  t o  produce s m a l l  f i e lds  o f  dunes .  I n  Mono 

V a l l e y ,  where a e o l i a n  p r o c e s s e s  e x e r t  a s t o n g  i n f l u e n c e  on 

t h e  topography,  t h e  h i g h  s t a n d  i s  marked by d i s c o n t i n u o u s  

r i d g e s  o f  sand t h a t  can r e a c h  h e i g h t s  of  up t o  s i x  m e t e r s .  

The s t r a n d l i n e  i s  r e p r e s e n t e d  by a  bay-mouth b a r  i n  t h e  Horse 

Creek Embayrnent, and it t r u n c a t e s  t h e  s u r f a c e  e x p r e s s i o n  o f  a  
m 

NE-SW t r e n d i n g  f a u l t  i n  Mono Va l ley  (Appendix D ) .  

I n  o n l y  a  few p l a c e s  i s  t h e  s t r a n d l i n e  a s s o c i a t e d  w i t h  I 

t h e  Dechambeau Ranch High S tand  n o t  e v i d e n t .  Between Rush 

m Creek and  t h e  Mono Mills-to-Mono Lake j eep  t r a i l  ( F i g u r e  2 )  

it l i e s  b u r i e d  b e n e a t h  p y r o c l a s t i c s  from r e c e n t  e r u p t i o n s  o f  

t h e  Mono C r a t e r s .  E a s t  of Dry Creek t h e  s h o r e l i n e  i s  

o v e r l a i n  by a  s h e e t  of a e o l i a n  sand .  It h a s  been e f f a c e d  

from t h e  s t e e p  s o u t h e r n  ( lakeward)  f l a n k  o f  Black P o i n t  as  

w e l l  as from p r e c i p i t o u s  p o r t i o n s  of t h e  S i e r r a n  escarpment  



due t o  unde rcu t t i ng  by waves, and i s  t y p i c a l l y  covered by 

mudflow and avalanche d e b r i s  i n  t h e  v i c i n i t y  of t h e  

i n t e r m i t t a n t  S i e r r a n  s t reams.  

plevation of the s t r w .  The s t r a n d l i n e  desc r ibed  

above was l e v e l e d  a t  18 s i t e s  around t h e  lakeshore .  It w a s  

found t o  l i e  a t  an  e l e v a t i o n  of  6499  (2 2 )  f e e t  a t  a l l  b u t  - 

two of  t h e  sites, where s l i g h t l y  h ighe r  e l e v a t i o n s  (up t o  

6504 f e e t )  were measured.,.. S ince  it i s  nowhere p o s s i b l e  t o  

p inpo in t  p r e c i s e l y  t h e  s h o r e l i n e  ang le  a s s o c i a t e d  wi th  t h i s  

o r  any o t h e r  h igh  s t a n d  of t h e  l ake ,  t h e s e  s l i g h t l y  h ighe r  

va lues  may r e f l e c t  measurement imprecis ion,  o r  l o c a l i z e d  

"overbui lding"  due t o  s torm surg ing ,  r a t h e r  t h a n  t e c t o n i c  

deformation.  

Many s t r a n d l i n e s  a t t r i b u t a b l e  t o  t h e  e a r l y  Holocene 

r eces s ion  of  Lake Russe l l  l i e  above 6499  f e e t .  What, then,  

i s  t h e  b a s i s  f o r  concluding t h a t  t h e  s t r a n d l i n e  a t  t h a t  

e l e v a t i o n  i s  no t  simply another  r e c e s s i o n a l  f e a t u r e  of e a r l y  
/' 

Holocene t ime? And furthermore,  how can it be e s t a b l i s h e d  

t h a t  dur ing  t h e  l a t e  Holocene Mono Lake r o s e  on ly  t o ,  and no t  

above, 6499 f e e t ?  

Seve ra l  f e a t u r e s  i n d i c a t e  t h a t  t h e  l a k e  r o s e  t o ,  r a t h e r  

t han  f e l l  t o ,  t h e  s h o r e l i n e  a t  6499  f e e t .  F i r s t ,  t h e  

s t r a n d l i n e  is marked by a  broad wave-cut t e r r a c e  (a c l e a r  

i n d i c a t i o n  of a  l a k e  t r a n s g r e s s i o n )  t h a t  t r u n c a t e s  t h e  

l a c u s t r i n e  s i l t s  of t h e  Wilson Creek Formation a t  many sites 



around thc  lake sho re  ( e .g .  sou theas t  of Simon's Spr ings  and 

i n  t h e  v i c i n i t y  o f  Wilson Creek) .  A t  no sites between 6499 

f e e t  and 6700 f e e t  has  such a  t e r r a c e  been found. Less 

obvious, b u t  perhaps  even more convincing,  a r e  t h e  

confined-onset  d e l t a s  and a s s o c i a t e d  f i l l - t e r r a c e s  t h a t  were 

depos i t ed  i n  t h e  trunk-stream canyons a t  t h e  t ime  of t h e  h igh  

s t a n d .  The b e s t  p reserved  of t h e s e  l i e s  a t  a  p o i n t  l a b l e d  

llF1l on Lee Vining Del ta  index map ( P l a t e  3 ) .  A photograph of 

t h i s  a n c i l l a r y  d e l t a  i s  shown on Photo 19.  S ince  t h e  l a k e  

has  t o  have f i rs t  dropped low enough t o  i n s t i g a t e  i n c i s i o n  by 

t h e  s t reams,  and then  r i s e n  t o  engulf  t h e  r e s u l t a n t  canyons, 

t h e  confined-onset  d e l t a s  can be  taken  a s  i r r e f u t a b l e  

evidence of a  l a k e  t r a n s g r e s s i o n .  

Thi rd ly ,  a long  many s t r e t c h e s  of t h e  shorelands  t h e  

s t r a n d l i n e  a t  6499 f e e t  co inc ides  wi th  an abrupt  vege t a t i on  

boundary. Near Wilson Creek t h i s ' v e g e t a t i o n  break i s  

expressed  a s  a  change from r e l a t i v e l y  a l k a l i n e - t o l e r a n t  

v e g e t a t i o n  ( i nc lud ing  -, Chzvsothamnus, and El.yms) 

below 64 99 f e e t ,  t o  a l k a l i n e  i n t o l e r a n t  vege t a t i on  (dominated 

by Purshia and -) above t h a t  e l e v a t i o n  (Photos 20a and 

b ) .  I n  t h e  Horse Creek Embayment t h e  s t r a n d l i n e  i s  

c h a r a c t e r i z e d  by a sha rp  change i n  t h e  inc idence  of a l k a l i n e -  

i n t o l e r a n t  - u i d e n t a t a ,  from an e s t ima ted  40% of t h e  

brush cover below 6499 f e e t ,  t o  over  70% above t h e  

s t r a n d l i n e .  Other obvious vege ta t i on  breaks  corresponding t o  



t h e  e l e v a t i o n  of t h e  Dechambeau Ranch High Stand occur  i n  t h e  

Dechambeau Ranch Embayment, and immediately west of t h e  119th  

P a r a l l e l  on t h e  l a k e ' s  nor thern  shore .8  This  v e g e t a t i v e  

s t r a n d l i n e ,  and t h e  l a c k  of  such a l i n e  above 6499 f e e t ,  

s t r o n g l y  sugges t s  t h a t  t h e  l a k e  had no t  occupied l ands  above 

t h i s  e l e v a t i o n  f o r  many thousands o f  y e a r s  p r i o r  t o  

Dechambeau Ranch t ime .  It ,  i n  combination with  t h e  t r u n c a t e d  

Wilson Creek beds and t h e - i n s e t  d e l t a s ,  l e aves  l i t t l e  doubt 

t h a t  t h e  s t r a n d l i n e  a t  6499 f e e t  r e p r e s e n t s  a h igh  s t a n d  of 

Mono Lake, r a t h e r  than  a r e c e s s i o n a l  f e a t u r e  of Lake Russe l l .  

Both t h e  t r u n c a t e d  Wilson Creek beds and t h e  

confined-onset  d e l t a  on Lee Vining Creek i n d i c a t e  t h a t  t h e  

Dechambeau Ranch High Stand occur red  a f t e r  t h e  e a r l y  Holocene 

r e c e s s i o n  of  Lake Russe l l .  Indeed, t h e  p e r s i s t e n c e  of a 

chemica l /vege ta l  s t a n d l i n e  sugges t s  t h e  passage of a 

s i g n i f i c a n t  amount of t ime between t h e  r e c e s s i o n  of Lake 

R u s s e l l  and t h e  Dechambeau Ranch High Stand.  On M i l l  Creek, 

an i n s e t  r e g r e s s i v e  f i l l  t e r r a c e  (pg. 113) depos i t ed  dur ing  

t h e  r e c e s s i o n  from t h e  Dechambeau Ranch High Stand l i e s  

s t r a t i g r a p h i c a l l y  beneath sediments t h a t  i nc lude  t h r e e  Mono 

C r a t e r s  t e p h r a s ,  i n d i c a t i n g  t h a t  t h e  Dechambeau Ranch High 

Stand occur red  a t  l e a s t  1610 radiocarbon yea r s  ago, and 



perhaps  more than  1990 radiocarbon yea r s  ago. Bottomset beds  

a s s o c i a t e d  wi th  t h e  Dechambeau Ranch-age conf ined o n s e t  d e l t a  

on L e e  Vining Creek can be demonstrated t o  l i e  

s t r a t i g r a p h i c a l l y  beneath a sequence of sediments d a t i n g  from 

b e f o r e  -1700 y r s  BP. 

The conc lus ions  drawn from t h e s e  r e l a t i onsh ips - - tha t  t h e  

h igh  s t a n d  occur red  wi th in  Mono Lake t i m e ,  b u t  p r i o r  t o  

perhaps  2000 y e a r s  ago--a?e i n  keeping wi th  t h e  r e s u l t s  of  a 

radiocarbon d a t e  de r ived  from de t r i t a l  cha rcoa l  t h a t  was 

c o l l e c t e d  from low i n  t h e  bottomset  beds of t h e  

aforementioned confined-onset d e l t a  on Lee Vining Creek ( s e e  

"Ober c u t w ,  P l a t e  3E, and Photo 2 9 ) .  That cha rcoa l  y i e l d e d  

an age of  3490 280 y r s  BP (=3769 +I18 cal B P ) ,  e f f e c t i v e l y  

d a t i n g  t h e  beginning of  t h e  h igh  s t a n d .  

on 1 Dunes - 

The s p e c t a c u l a r  dune f i e l d  on t h e  no r the rn  shore lands  of  

Mono Lake i s  composed of t h r e e  gene ra t ions  of sand dunes (pg. 

1 4 5 )  . The o l d e s t  of t h e s e  i s  made up of low (1-3 m)., evenly 

spaced l u n e t t e s  (photos  21a and b) t h a t  are today l a r g e l y  

s t a b l i z e d  by v e g e t a t i o n .  With on ly  a few except ions  t h e  

bases  of t h e s e  Generation-1 ( G - 1 )  dunes l i e  a t  and below an 

e l e v a t i o n  of 6499 f e e t .  The dunes could no t  have survived.  

t h e  Dechambeau Ranch t r a n s g r e s s i o n ,  and t h e r e f o r e  must have 



formed some t ime fol lowing t h e  h igh  s t and .  The c l o s e  

correspondence between t h e  landward l i m i t  of t h e  G-1 dunes 

and t h e  Dechambeau Ranch High Stand sugges t s  t h a t  t h e y  formed 

as. t h e  r e c e s s i o n  progressed,  and t h a t  t h e y  were qu ick ly  

co lon ized  by vege ta t ion ,  p revent ing  t h e  d i s p e r s a l  of  sand 

on to  l a n d s  l y i n g  above the ,  s t r a n d l i n e .  

The r e c e s s i o n  from t h e  Dechambeau Ranch High Stand was 

i n t e r r u p t e d  on a t  l e a s t  two occas ions .  These pauses  a r e  

marked i n  t h e  dune f i e l d  by h igh  sand r idges ,  t h e  bases  of  

which l i e  a t  approximately 6470 and 6475 f e e t ;  elsewhere 

around t h e  l a k e  t h e  pauses a r e  expressed a s  low berms and 

b a r s .  

It has  no t  been p o s s i b l e  t o  d a t e  t h e  du ra t ion  of  t h e  

Dechambeau Ranch High Stand o r  t h e  t iming  of  t h e  subsequent 

l a k e  r e c e s s i o n .  That t h e  s t reams were a b l e  t o  b u i l d  bulky 

confined-onset  d e l t a s  and a s s o c i a t e d  f i l l - t e r r a c e s  graded t o  

o r  s l i g h t l y  below a l a k e  l e v e l  of  6499 f e e t  sugges t s  t h a t  t h e  

h igh  s t a n d  l a s t e d  c e n t u r i e s  o r  more. But t h e  a c t u a l  d u r a t i o n  

of t h e  Dechambeau Ranch High Stand, and t h e  t iming  of t h e  

subsequent d e c l i n e  i n  l a k e  l e v e l ,  remain unknown. Only one 

t h i n g  about  t h e  chronology of t h e  r eces s ion  can be s a i d  wi th  

conf idence:  t h a t  by t h e  t ime of t h e  Mono C r a t e r s  e r u p t i o n  

1990(?)  y r s  Mono Lake was s ink ing  toward i ts  lowest  l e v e l  



in the l a s t  3500 years. 



-1820 yrs BP--The Marina Recession and Low Stand 

By approximately 1820 y r s  BP t h e  s u r f a c e  of  Mono Lake 

had d e c l i n e d  t o  a l e v e l  a s  low a s  any a t t a i n e d  i n  l a t e  

Holocene t i m e .  Th is  low s tand ,  h e r e  r e f e r r e d  t o  as t h e  

Marina Low Stand, i s  expressed i n  shore land  s e c t i o n s  as 

d e s i c c a t e d  l a c u s t r i n e  c l a y s  o v e r l a i n  by a shee t  of  o o l i t i c  

and S i e r r a n  l i t t o r a l  sands .  Sediments exposed i n  s t ream c u t s  

show t h a t  Lee Vining Creek i n c i s e d  i t s  pa ren t  d e l t a  i n  

response t o  t h e  Marina Recession, c r e a t i n g  a s u b s i d i a r y  

d e l t a .  

During Marina t ime t h e  l a k e  s u r f a c e  reached an e l e v a t i o n  

of  approximately 6368 f e e t .  A t  t h e  t ime of t h e  low s t a n d  t h e  

l a k e  s u r f a c e  had an a r e a  of 36,000 a c r e s  (Figure  1 8 ) .  I n  t h e  

course  of t h e  subsequent t r a n s g r e s s i o n  t h e  l a k e  carved an 

ab ra s ion  p l a t fo rm t h a t  p e r s i s t s  today a s  a subaqueous t e r r a c e  

around much of  t h e  l a k e  shore .  

ce of t-0~ Stand 

Evidence of  t h e  Marina Low Stand can be found i n  t h e  

w a l l s  of  s e c t i o n s  excavated a t  t h e  Mono County Marina n o r t h  

of Lee Vining. Logs of two of t h e  Marina p i t s  are shown on 

P l a t e  5.  The lowest  of t h e s e  two s e c t i o n s  ( P l a t e  SE), with  a 





surface elevation of 6380 feet, reaches a depth of 1.8 m. A 

core taken next to this pit extends to a depth of 10.5 m. 

This pit and adjacent core are treated here as one section 

(Marina Pit 1) . 
The lower 9 m of Marina Pit 1 is composed of 

rhythmically laminated to chaotic deep-water clays that 

contain occasional to abundant grains of coarse sand and 

pieces of angular gravel believed to have been deposited by 
I . .  

avalanches or mudf lows from' the adjacent Sierran escarpment. 

These lowest sediments lack littoral sands, algal mats, 

A-horizons, oolitic sands, and desiccated horizons, 

indicating that the lake margin did not retreat to a point 

below the site of the pit throughout the period represented 

by the basal nine meters of sediment; preliminary 

paleomagnetic analysis by Mr. Mark Newton of the University 

of Southern California (written communication, 1986)  of a 

core taken at this same site suggests that the lower nine 

meters of sediment dates to well before 4500 BP. 

The earliest sign of a shoreline environment in Marina 

Pit 1 occurs at a depth of around 1.5 m, where 228 mm of 

well-sorted, biotite-rich littoral sand (unit I) overlies 

clays (units Ji and Jiii) that were exposed to the atmosphere 

long enough to cause desiccation. These sands are in turn 

overlain by undesiccated silts and clays (units Hii and . 



p o r t i o n s  of u n i t  Hi,,), i n d i c a t i n g  t h a t  t h e  dry ing  o f  c l a y  

u n i t s  J, and Jiii must have occur red  due t o  exposure t o  t h e  

atmosphere du r ing  Marina t ime,  r a t h e r  t h a n  du r ing  a 

subsequent low s t a n d .  

of the Marlna T o w  Stand 

This  same sequence .oT.sediments w a s  found a t  a dep th  of  

around one m e t e r  i n  a s l i g h t l y  lower Marina excava t ion  

( s u r f a c e  e l e v a t i o n  6378 f e e t )  du r ing  t h e  summer of  1983, 

i n d i c a t i n g  t h a t  du r ing  Marina t ime t h e  l a k e  s u r f a c e  s t o o d  

below an e l e v a t i o n  of 6375 f e e t .  (This  p i t  is  no t  

i l l u s t r a t e d  on P l a t e  5 . )  Geomorphological evidence i n  t h e  

form of an e r o s i o n a l  t e r r a c e  s t r o n g l y  sugges t s  t h a t  du r ing  

Marina t i m e  t h e  l a k e  s tood  a t  a s t i l l  lower l e v e l .  This  

subaqueous t e r r a c e  ( t h e  "Schol l  t e r racen- -see  pg. 146) ,  which 

e n c i r c l e s  much of t h e  l ake ,  i s  strewn wi th  -1700-year-old 

pumice b locks  (pg. 2371, i n d i c a t i n g  t h a t  it must have been 

c u t  p r i o r  t o  t h a t  t ime.  With evidence t o  demonstrate t h a t  

t h e  l a k e  d id  no t  drop low enough t o  c u t  such a t e r r a c e  f o r  

many thousands of yea r s  p r i o r  t o  Marina t ime,  no r  between 

Marina t ime  and t h e  t i m e  t h a t  t h e  pumice b locks  w e r e  

d e p o s i t e d  (see below),  it must be concluded t h a t  t h e  t e r r a c e  

i s  a produc t  of wave e ros ion  dur ing  t h e  Marina Low Stand (or, 

more p r e c i s e l y ,  dur ing  t h e  recovery from t h e  Marina Low 



Stand) .  

The d i s t a l  margin of t h e  t e r r a c e  ( t h e  lakeward l i m i t  of 

t h e  eroded su r face )  today l i e s  a t  6368 f e e t .  Judging from 

excavations f u r t h e r  upslope, however, t h e  o r i g i n a l  t e r r a c e  

sur face ,  represented by t h e  l i t t o r a l  sands ( u n i t  I) of Marina 

P i t  1, i s  under one meter .,of sediment, thus  p lac ing  t h e  

margin of t h e  t e r r a c e  a t  t h e  time of formation a t  

approximately 6365 f e e t .  If it i s  assumed t h a t  l i t t o r a l  ". 

abrasion a t  Mono Lake extends t o  a depth of appro&nately 1 

meter, it can be concluded t h a t  t h e  l ake  su r face  s tood a t  an 

e leva t ion  of  6368 f e e t  a t  t h e  time of t h e  Marina Low Stand. 

Pat t h e  Marinanw 'st- 

I n  Marina P i t  1 t h e  sands as soc ia ted  with t h e  Marina Low 

Stand l i e  s t r a t i g r a p h i c a l l y  above a white, sandy t o  s i l t y  

a i r f a l l  depos i t  of Mono Cra ters  tephra  (designated Unit Jll on 

P l a t e  5E). The same r e l a t i o n s h i p  can be seen i n  Marina P i t  2 

( P l a t e  SF), an exposure excavated 10 v e r t i c a l  f e e t  above P i t  

1. Note i n  Marina P i t  2 t h a t  t h e  l i t t o r a l  sands a l s o  l i e  

s t r a t i g r a p h i c a l l y  below another depos i t  of Mono Cra ters  

tephra .  These two depos i t s  of volcanic  ash  a r e  t h e  t h i r d  and 

f o u r t h  youngest Mono Cra ters  tephras  encountered i n  

shoreland sediments around Mono Lake. While not  as well  

dated a s  t h e i r  younger counterparts ,  they  a r e  be l ieved t o  be 



1610 and 1990(?)  radiocarbon years  old,  r e spec t ive ly .  Lying 

a s  it does between t h e s e  two ashes, t h e  l i t t o r a l  sand 

assoc ia ted  with t h e  Marina Low Stand is,  a s  a  f i r s t  

approximation, assigned an age of between 1600 and 2000 y r s  

BP . 
Sediments exposed i n . # t h e  Lee Vining Creek d e l t a  t r ench  - 

near  t h e  mouth of t h e  stream provide f u r t h e r  evidence of t h e  

Marina recession,  and confirm t h a t  t h e  low s tand  occurred 

p r i o r  t o  1600 BP. Note on t h e  Lee Vining "Stumpcut" ( P l a t e  

3A) t h a t  a  depos i t  of coarse cobble-gravel (Unit J) l ies  a t  

t h e  base of t h e  sec t ion ,  beneath sediments radiocarbon dated 

a t  1625 y r s  BP. The b a s a l  cobble g rave l  i s  c l e a r l y  a l l u v i a l ,  

and t h e r e f o r e  must have been deposi ted. 'as  a  subs id ia ry  d e l t a  

by Lee Vining Creek when t h e  stream was graded t o  a l ake  

su r face  a t  o r  below t h e  e l eva t ion  of t h e  H i s t o r i c  Low Stand 

(6372 f e e t )  i n  Marina t ime. The pumice blocks t h a t  o v e r l i e  

t h e  Schol l  t e r r a c e  l ikewise  o v e r l i e  t h i s  subs id iary  d e l t a .  

They, l i k e  t h e  subsidary d e l t a  i t s e l f ,  l i e  s t r a t i g r a p h i c a l l y  

beneath t h e  d a t e  of 1625 BP. With no d i r e c t  d a t e  ye t  

a v a i l a b l e  on e i t h e r  t h e  Marina Low Stand o r  t h e  superposed 
. . 

pumice blocks,  t h e  low s tand i s  t e n t a t i v e l y  placed one-third 

of t h e  way between t h e  cons t ra in ing  da tes  of 1990 BP and 1625 

BP ( t h a t  is, a t  -1820 BP), while depos i t ion  of t h e  pumice 

b locks  i s  placed two-thirds of  t h e  way between t h e s e  two 

d a t e s  ( t h a t  is ,  a t  -1700 B P ) .  The pumice blocks, and t h e i r  



b e a ~ i n g  on t h e  e l e v a t i o n  of  t h e  l a k e  s u r f a c e  a t  t h e  t i m e  t h e y  

were depos i ted ,  a r e  d i scussed  i n  more d e t a i l  on page 240.  It 

should be  borne i n  mind t h a t  t h e  d a t e  a p p l i e d  h e r e  t o  t h e  

Marina Low Stand i s  i n t e r p o l a t e d ;  a paleomagnetic d a t e  of 

-1900 BP on t h e  low s t a n d  de r ived  by M r .  Mark Newton of  USC 

may w e l l  be  a more accurat ,e  approximation of Marina t ime .  

While t h e  topography of t h e  Mono shore lands  was 

undoubtedly a l t e r e d  by l i t t o r a l  p rocesses  a s  t h e  l a k e  

d e c l i n e d  i n  immediately pre-Marina t ime,  wholesale 

mod i f i ca t ion  awai ted t h e  subsequent l a k e  t r a n s g r e s s i o n .  It 

was du r ing  t h i s  pe r iod  of recovery t h a t  t h e  S c h o l l  t e r r a c e  

w a s  c u t .  The r i s i n g  l a k e  t r u n c a t e d  t h e  shore lands ,  e rod ing  

t h e  b a s a l  c l a y s  and t h e  l i t t o r a l  sediments t h a t  had been 

depos i t ed  dur ing  t h e  l a k e  decl ine ,*  a s  w e l l  as any humic 

hor izon  t h a t  had formed on t h e  exposed l a k e  sediments dur ing  

t h e  lowstand.  This  t r u n c a t i o n  i s  seen i n  bo th  of  t h e  Marina 

p i t s ,  where coa r se  l i t t o r a l  sands unconformably o v e r l i e  

d e s i c c a t e d  c l a y s ,  without an in t e rven ing  t r a n s i t i o n a l  

sequence of sediments.  Erosion a s s o c i a t e d  wi th  t h e  

post-Marina t r a n s g r e s s i o n  may exp la in  t h e  i n a b i l i t y  t o  f i n d  

remains of Marina-age t r e e s  and shrubs  such as t h e  roo ted  

' d e r e l i c t s  d a t i n g  from subsequent d e c l i n e s  i n  l a k e  l e v e l .  

With t h i s  i n  mind, it should be no ted  t h a t  t h e  ep isode  of  



cutting associated with the post-Marina lake transgression 

pre-conditioned the shorelands (up to an elevation of 6404 

feet) for subsequent fluctuations, creating an abrasion 

platform over which the lake could later rise and fall with 

little erosional modification. As a consequence, A-horizons 

and rooted vegetation that developed during subsequent low 

stands would, in most areas of the shorelands below 6404 

feet, survive later fluctuations in lake level. 

The post-Marina rise in lake level is clearly displayed 

in the sedimentary record in Marina Pits 1 and 2. There the 

littoral sands associated with Marina time fine upward into 

shallow-water oolitic sands (unit Hi) and silty clays (unit 

Hii)  . The fibrous mat of compressed plant remains (Unit I) 

that overlies the basal cobble-gravel (Unit J) on the Lee 

Vining Creek "Stump Cutn (Plate 36) is similar to units known 

to have been deposited during later rises in lake level, and 

may represent the post-Marina transgres~ion.~ 

By perhaps 1800 BP Mono Lake was rebounding from the 

extreme low stage of the previous decades. Not for.900 years 

would it even approach levels comparable to those of the 

Marina Low Stand. 



-1 820 BP to 1245 cal BP 

t ro- 

The t r a n s g r e s s i o n  t h a t  s p e l l e d  an end t o  t h e  Marina Low 

Stand around 1800 years  ago w a s  of smal l  magnitude; indeed, 

du r ing  t h e  nex t  f i v e  c e n t u r i e s ' t h e  l a k e  s u r f a c e  b a r e l y  

reached l e v e l s  comparable t o  t h o s e  a t t a i n e d  under n a t u r a l  

c o n d i t i o n s  du r ing  h i s t o r i c  t i m e .  Throughout t h i s  i n t e r v a l  

t h e  l a k e  was r emarkab ly ' s t ab l e ,  f l u c t u a t i n g  between 

e l e v a t i o n s  of  6382 and 6404 feet .  One noteworthy 

s u b l a c u s t r i n e  v o l c a n i c  event--the e r u p t i o n  o f  Java Islet--and 

two major Mono C r a t e r s  eruption--those of 1610 BP and 1245 

cal BP--occurred dur ing  t h e  pe r iod .  E j e c t a  produced dur ing  

two o f  t h e s e  vo lcan ic  even t s  marks t h e  p o s i t i o n  of t h e  

s h o r e l i n e  a t  t h e  t ime of  t h e  e r u p t i o n s .  

Because of  t h e  smal l  magnitude of t h e  f l u c t u a t i o n s  t h a t  

occur red  du r ing  a l l  b u t  t h e  f i n a l  phases  of t h e  p e r i o d  -1800 

BP - 1245 c a l  BP, p r e c i s e  l a k e  e l e v a t i o n s  can on ly  r a r e l y  be  

t i e d  t o  s p e c i f i c  p o i n t s  i n  t ime .  Based on sedimentary 

s e c t i o n s  exposed i n  s t ream c u t s  and r e sea rch  p i t s ,  however, 

it is  p o s s i b l e  t o  d e l i n e a t e  t h e  maximum and minimum 

e l e v a t i o n s  a t t a i n e d  by t h e  l a k e  du r ing  t h i s  pe r iod .  

Marina P i t s  1 and 2 ( P l a t e  5E and F, r e s p e c t i v e l y )  a r e  



key t o  e s t a b l i s h i n g  t h e  behavior of t h e  l ake  during t h e  

per iod  -1800 BP - 1245 c a l  BP. Note i n  P i t  1 t h a t  c lays ,  

s i l t y  c lays ,  and clayey si l ts  (Units Hi,, Hi,, and H,) l i e  

between t h e  sands as soc ia ted  with t h e  Marina Low Stand (Unit 

I) and t h e  Mono Cra te r s  t ephra -o f  1245 c a l  BP (Unit H,,) . 
This por t ion  of  t h e  p i t  (between 6377 and 6378 f e e t )  l acks  

l i t t o r a l  sands, i n d i c a t i n g  t h a t  t h e  l ake  remained a t  l e a s t  
I - .  

3-5 f e e t  above 6377 f e e t  throughout t h e  per iod  i n  quest ion.  

The equiva lent  s e c t i o n  of Marina P i t  2, i n  con t ras t ,  inc ludes  

s i x  l a y e r s  of well-sorted,  b i o t i t e - r i c h  sand t h a t  l i e  between 

des icca ted  depos i t s  of c lays  and s i l t y  c lays ,  suggest ing t h a t  

on numerous occasions t h e  l ake  margin dropped t o  o r  below t h e  

e l eva t ion  of t h e  sand-intercalated s i l ts  and c lays  (-6387 

f e e t ) .  Along t h e  wal ls  of t h e  Lee Vining Creek nStumpcutn 

( P l a t e  3A) f l u v i a l  cobbles and g rave l s  (Unit G,) from t h i s  

i n t e r v a l  grade lakeward i n t o  l i t t o r a l  sands and pea-gravels 

(Unit G,,) t h a t  pinch out  a t  6382 f e e t ,  i n d i c a t i n g  t h a t  t h e  

l ake  dec l ined  t o ,  o r  a t  l e a s t  approached, t h a t  e l eva t ion .  

Accordingly, and with evidence from Marina P i t  i n d i c a t i n g  

t h a t  t h e  l a k e  margin remained above 6378 f e e t ,  6382 f e e t  i s  

considered t h e  minimum e leva t ion  occupied by t h e  lake  between. 

-1800 BP and 1245 c a l  BP. Pine cones c o l l e c t e d  from t h i s  

cobble-gravel (Unit Gi) y i e l d  da tes  of 1625 240 BP (USGS ' 



1524, - 1542 +30 c a l  BP) and 1590 +SO BP (USGS 1705, = 1475 

+66 c a l  B P ) .  A d a t e  of around 1610 y r s  BP ( o r  1510 cal BP) 

i s  t h u s  p l aced  on t h i s  minimum e l e v a t i o n .  

Throughout most of t h e  pe r iod  -1800 BP - 1245 cal BP t h e  

l a k e  s e e m s  t o  have s t ayed  wi th in  perhaps  10-12 feet o f  t h e  

minimum e l e v a t i o n  (6382 f e , e t ) ,  as evidenced by t h e  u b i q u i t y  - 

of s i l t  i n  Uni t s  Hii and Hi, i n  Marina P i t  1, and t h e  

abundance o f  bedded and d i spe r sed  sand i n  t h e  equ iva l an t  

u n i t s  o f  Marina P i t  2 .  Toward t h e  t o p  of Unit H, however, 

j u s t  below t h e  Mono C r a t e r s  t e p h r a  of 1245 c a l  BP, sediments 

i n  bo th  p i t s  f i n e  upward, sugges t ing  a deepening of  t h e  l a k e .  

Evidence of  a l a k e  t r a n s g r e s s i o n  j u s t  p r i o r  t o  t h e  e rup t ion  

of  1245 c a l  BP i s  a l s o  seen i n  t h e  Lee Vining Creek "Stump 

c u t w ,  where t h e  f l u v i a l  cobbles  and g r a v e l s  of Unit  Gi grade 

upward i n t o  wel l - sor ted  l i t t o r a l  sands .  A pinecone r e t r i e v e d  

from t h e s e  t r a n s g r e s s i v e  sands a t  an  e l e v a t i o n  of 6384 f e e t  

d a t e s  a t  1495 2 4 5  BP (USGS 1314, = 1370 c a l  BP) . 
The l e v e l  t o  which t h e  l a k e  r o s e  dur ing  t h i s  

t r a n s g r e s s i o n  of -1370 cal BP can be  determined from 

sedimentary sequences exposed i n  "Milldown cu t "  a long  t h e  

e a s t e r n  w a l l  of M i l l  C r e e k  ( P l a t e  4 0 ) .  Note i n  t h e  

downstream p o r t i o n  of  t h i s  s e c t i o n  t h a t  backse t  beds of 

wel l - sor ted  sands  and pea-gravels (Unit I )  compose a l i t t o r a l  

embankment ( c r e s t  e l e v a t i o n  6404 f e e t )  t h a t  l i es  



s t r a t i g r a p h i c a l l y  below t h e  Mono C r a t e r s  t eph ra  of  1245 cal 

BP (Unit  H ) ,  b u t  above an o l d e r  t e p h r a  d e p o s i t  (Unit  Jll) , 

d a t i n g  from e i t h e r  1610 o r  1990(?)  BP. This  embankment rests 

on t h e  post-Dechambeau Ranch A-hroizon. No h ighe r  l i t t o r a l  

d e p o s i t  from t h e  pe r iod  1990(?), BP - 1245 cal BP can be  found 

a t  t h i s  o r  any o t h e r  exposure. I t  i s  t h e r e f o r e  concluded 

t h a t  around 1370 c a l  BP t h e  l a k e  r o s e  from an e l e v a t i o n  o f  
,,. 

approximately  6384 f e e t  . . to-6404 feet .  This  t r a n s g r e s s i o n  and 

h igh  s t and ,  he re  c a l l e d  t h e . M i l 1  Creek-East High Stand,  marks 

t h e  f irst  t ime  i n  h a l f  a millennium t h a t  t h e  l a k e  s u r f a c e  

reached  ( i f  on ly  b a r e l y )  l e v e l s  comparable t o  t h o s e  a t t a i n e d  

under n a t u r a l  cond i t i ons  du r ing  h i s t o r i c  t i m e .  

l ? r a  of Java fslet its R e a r a a  the Level of 

- 0 RP 

Lining  t h e  western shore lands  of Mono Lake from s l i g h t l y  

east of  10-Mile Road t o  t h e  Horse Creek Embayment are t e n s  of 

thousands of l a r g e  ( t o  >2m), h igh ly  v e s i c u l a r ,  tufa-covered 

pumice b locks  (Photos 22a and b). These b i o t i t e - b e a r i n g  

d a c i t e  b locks ,  mentioned p rev ious ly  i n  connect ion wi th  t h e  

S c h o l l  t e r r a c e ,  vary  i n  c o l o r  from l i g h t  grey t o  dark  grey,  

wi th  some c l a s t s  e x h i b i t i n g  a l t e r n a t i n g  dark and l i g h t  

banding.  Shape of  t h e  v e s i c l e s  i s  v a r i a b l e ,  ranging from 

s p h e r i c a l  t o  h igh ly  e longa te .  Large v e s i c l e s  (>5mm) are . 



commonly c r i s s - c ros sed  with  a complex web of  t h i n  g l a s s  

s t r a n d s .  

The b locks  a r e  common a t  and below an e l e v a t i o n  of  6390 

f e e t ;  t h e y  a r e  v i r t u a l l y  non-exis tant  above t h a t  contour .  

Pumice chunks broken from t h e  b locks  r e a d i l y  f l o a t  on t h e  

heavy water  of Mono Lake. , ,This ,  t o g e t h e r  wi th  t h e i r  

widespread d i s t r i b u t i o n  and t h e  abruptness  of t h e i r  upper 

e l e v a t i o n a l  l i m i t ,  s t r o n g l y  sugges t s  t h a t  fol lowing t h e i r  
,I. 

produc t ion  dur ing  a s u b l a c u s t r i n e  e r u p t i o n  t h e  buoyant b locks  

f l o a t e d  t o  t h e  s u r f a c e  of t h e  l a k e  and blew t o  shore,  where 

t hey  shoaled,  waterlogged, and developed a r i n d  of  t u f a .  

Given t h e  s i z e  of t h e  b locks  (C1 m) l y i n g  a t  t h e  upper l i m i t  

of  d i s t r i b u t i o n ,  it i s  es t imated  t h a t  t h e y  would shoa l  i n  

perhaps  two f e e t  of water;  t h e  e l e v a t i o n  of t h e  l a k e  s u r f a c e  

a t  t h e  t ime  t h e  b locks  were depos i ted ,  then ,  i s  p l aced  a t  

6392 f e e t .  

The pumice b locks  a r e  most abundant a long t h e  l a k e  sho re  

t o  t h e  nor thwest  of Negit  I s l and ,  where t h e y  number i n  t h e  

dozens p e r  a c r e .  This  sugges t s  t h a t  t hey  o r i g i n a t e d  i n  t h e  

v i c i n i t y  of  t h e  Negit  Archipelago.  They are s i m i l a r  i n  

co lo r ,  s t r u c t u r e ,  and trace-element composition t o  t h e  

pumiceous "core" of  Java Islet ( see  F igure  1 9 ) .  Java,  

t h e r e f o r e ,  i s  considered t h e  l i k e l y  source  of t h e  blocks ,  

though o t h e r  v e n t s  s t i l l  submerged may have been involved i n  

t h e i r  p roduc t ion .  10 



The "Java blocks '  came t o  rest on t h e  Scho l l  terrace, - 
i n d i c a t i n g  t h a t  t h e y  were produced sometime a f te r  t h e  Marina 

a 
LOW S tand  o f  -1825 y r s  BP. This  same conclusion can be drawn 

from t h e  s t r a t i g r a p h y  o f  Marina P i t  1 ( P l a t e  SE), where a m 

discont inuous  hor izon  o f  angula r ,  b i o t i t e - b e a r i n g  and 

v e s i c u l a r  pumice cobbles  and g r a v e l s  (Unit  Hlli) b e l i e v e d  t o  

be  contemporaneous wi th  t h e  "Java b locksw l ies  wi th in  t h e  

c layey  s i l t s  and s i l t y  c l a y s  t h a t  o v e r l i e  t h e  l i t t o r a l  sands  

of t h e  Marina Low Stand.  Along "Stump c u t m  i n  t h e  Lee Vining 

Creek del ta  t r e n c h  ( P l a t e  3A) t h e  b locks  o v e r l i e  a d e p o s i t  o f  

coa r se  s t ream g r a v e l s  graded t o  t h e  approximate e l e v a t i o n  o f  

t h e  Marina Low Stand,  and u n d e r l i e  t h e  above-mentioned p i n e  

cones of 1590 and 1625 y r s  BP. The e r u p t i o n  o f  Java, and t h e  

d e p o s i t i o n  o f  t h e  Java blocks ,  i s  t h e r e f o r e  p l aced  between 

t h e  d a t e  o f  t h e  ove r ly ing  pinecone (1610 BPI and t h e  

i n t e r p o l a t e d  d a t e  o f  t h e  Marina Low Stand (-1825 BP)--that 

is ,  a t  around 1700 BP. 

0 C r a t e r s  Tephra - of 3 745  

e F'luct- cu rve  

-. D i r e c t l y  ove r ly ing  sediments a s s o c i a t e d  

wi th  t h e  M i l l  Creek-East Transgress ion  and High Stand 
I 

( i n c l u d i n g  t h e  l ake - t r ansg re s s ive  sequence on t h e  Lee Vining 

Creek ltStump c u t w ,  t h e  l a c u s t r i n e  c l a y s  i n  ~ a r i n a  P i t  1, and 
m 



t h e  embankment t h a t  marks t h e  M i l l  Creek-East High Stand on 

t h e  "Milldown cut")  i s  t h e  Mono Cra ters  tephra  of 1245 c a l  BP 

(Sieh and Bursik, 1986; Wood, 1977).  This ash u n i t  can be 

used t o  pinpoint  t h e  e l eva t ion  of t h e  l ake  sur face  a t  t h e  

time of i t s  deposi t ion.  

tephra of 1245  ca l  RP. The Mono Cra ters  tephra  of * 

1245 c a l  BP was f i r s t  descr ibed by Spencer Wood ( h i s  "tephra 

211), who discovered it in-.meadow depos i t s  of t h e  c e n t r a l  and 

southern S i e r r a  Nevada (Wood, 1977).  H i s  radiocarbon da te  of 

1190 (580) y r s  BP i s  derived from t h e  ou te r  r i n g s  of a f a l l e n  

t r e e ,  bur ied  i n  a meadow near t h e  nor th  fork  of t h e  Kings 

River, t h a t  i s  d i r e c t l y  over la in  by t h e  tephra .  Recently 

Sieh (1984) der ived a dendrochronologically c a l i b r a t e d  da te  

of 1245 c a l  BP on wood t h a t  was charred during t h e  erupt ion .  

Radiometrically-dated depos i t s  exposed i n  t h e  wal ls  of t h e  

d e l t a  t r ench  on Lee Vining Creek corroborate  t h i s  d a t e  within 

broad l i m i t s .  There, t h e  tephra l i e s  s t r a t i g r a p h i c a l l y  above 

t h e  previously descr ibed 1370-year-old pinecone, and below 

rooted stumps dated a t  around 866 c a l  BP. 

Tephra from t h e  erupt ion of 1245 c a l  BP is  encountered 

f requent ly  i n  c u t s  and p i t s  throughout t h e  northern,  western, 

and southwestern.Mono Basin. I n  t h e  immediate v i c i n i t y  of , 

t h e  lake ,  t h e  a i r f a l l  deposi t  i s  t y p i c a l l y  composed of  two 2- 

t o  5-cm-thick l a y e r s  of f i n e  ash t h a t  sandwich a t h i n  (< l c m )  

l a y e r  of f i n e  l a p i l l i ;  a t  some s i t e s  t h e  sequence includes a 



t h i n  b a s a l  u n i t  of f i n e  l a p i l l i  o r  coarse  ash  (Photo 2 3 a ) .  

The upper u n i t  of f i n e  ash  i s  white i n  co lo r ,  whi le  t h e  lower 

u n i t  i s  t y p i c a l l y  brownish t o  p u r p l i s h .  Where it i s  exposed 

i n  stream c u t s  t h e  t eph ra  i s  u s u a l l y  f l u v i a l l y  reworked, and 

may reach  th i cknesses  o f  up t o  a meter o r  more (Photo 23b). 

e elevation of -0 T.ake 3 745  ca l  RE 

Wherever it is found a t  e l e v a t i o n s  above 6390 feet i n  t h e  

Mono Basin t h e  t eph ra  of  1245 cal BP occurs  i n  a s s o c i a t i o n  ". 

wi th  sediments i n d i c a t i v e  of  a s u b a e r i a l  environment. In 

shore land  p i t s ,  f o r  i n s t ance ,  t h e  a s h  t y p i c a l l y  e i t h e r  

o v e r l i e s ,  o r  has  been homogenized i n t o ,  a n  A-horizon. A t  

t h e s e  si tes t h e  a sh  i s  t y p i c a l l y  t runca t ed ,  t u rba t ed ,  

d i scont inuous ,  and f r i a b l e ,  wi th  t h e  o r i g i n a l  a i r f a l l  

sequence on ly  r a r e l y  preserved .  I n  t h e  w a l l s  of  s t reamcuts  

above t h i s  e l eva t ion ,  t h e  ash  i s  found e i t h e r  i nco rpo ra t ed  i n  

f l u v i a l  g r ave l s ,  o r  ove r ly ing  an A-horizon, aga in  i n d i c a t i n g  

s u b a e r i a l  depos i t i on .  

A t  exposures below 6385 f e e t  t h e  t e p h r a  of  1245 cal BP 

o v e r l i e s  deep-water l a c u s t r i n e  sediments.  Here t h e  a s h  i s  

compact, p l a n e r  bedded, and o f  uniform th i ckness ,  w i th  

i n d i v i d u a l  a i r f a l l  subun i t s  t r a c e a b l e  l a t e r a l l y  f o r  many 

meters .  Clear ly ,  then,  t h e  a s h  f e l l  i n t o  t h e  l a k e  a t  

e l e v a t i o n s  below 6385 f e e t ,  and on to  l a n d  s u r f a c e s  a t  

' e l e v a t i o n s  above 6390 f e e t .  

The sequence of sediments exposed i n  t h e  Lee Vining 



Creek "Terrace cut" (Plate 3C) further c l a r i f i e s  the  position 

of the  lake margin a t  the time of the Mono Craters eruption 

of 1245 ca l  BP. There, a t  an elevation of 6388 feet ,  the  ash 

(uni t  F) l i e s  sandwiched between deposits of coarse, 

well-sorted, l i t t o r a l  sand. Across the stream, a t  the  

"big-thick" cut (Photo 23b), the  ash composes 

climbing-rippled delta-foreset beds (Photo 23c) tha t  merge 

w i t h  ashy topset beds of ,a delta-front-platform environment 

a t  6387 fee t .  It is  therefore concluded tha t  a t  1245 ca l  BP 

the  lake stood a t  an elevation of 6388 fee t .  

The period between -1800 yrs BP and 1245 ca l  BP is 

remarkable for  both the re la t ive  s t a b i l i t y  of Mono Lake, and 

the  pers is tant ly  low levels ( re la t ive  t o  natural  h i s to r i ca l  

conditions) a t  which the lake was'maintained. The bedded and 

dispersed sands exposed i n  Marina P i t  2 const i tute  evidence 

t h a t  throughout much of the interval  the lake surface 

remained close t o  6387 feet ,  and the lack of sand i n  relevant 

portions of Marina P i t  1 argues tha t  it remained a t  l e a s t  

several f ee t  above 6378 fee t .  A dated deposit of f luv ia l  and 

l i t t o r a l  gravels exposed i n  the  "Stump cut" section on Lee 

Vining Creek indicates tha t  around 1510 ca l  BP the lake 

' surface approached 6382 feet ,  the lowest elevation a t  which 

there  i s  evidence of shoreline sediments. The f loat- l ine  of 



"Java b locksw f i x e s  t h e  l a k e  s u r f a c e  of approximately 1700 BP 

a t  6392 feet .  

Not u n t i l  t h e  f i n a l  phases  of t h e  i n t e r v a l  d i d  t h e  l a k e  

r i s e  s u f f i c i e n t l y  t o  i n s t i g a t e  an upward f i n i n g  of  sediments 

i n  Marina P i t s  1 and 2 and i n  t h e  Lee Vining "Stump c u t w .  

This  t r a n s g r e s s i o n  culminated i n  t h e  M i l l  Creek-East High 

Stand (6404 feet)  s h o r t l y  a f t e r  1370 cal BP. The l a k e  then  

began t o  recede,  and by 12.45 cal BP, a t  t h e  t i m e  o f  t h e  Mono 

Craters e r u p t i o n ,  had reached an e l e v a t i o n  of 6388 f e e t .  

During t h e  ensuing t h r e e  c e n t u r i e s  t h e  l a k e  would 

cont inue  i t s  d e c l i n e ;  by approximately 875 y e a r s  ago it 

would a g a i n  reach  t h e  extreme low l e v e l s  t h a t  c h a r a c t e r i z e d  

t h e  Marina Low Stand of  n ine  c e n t u r i e s  be fo re .  



1245 to 866 cal BP 

The Lee Vining Delta Recession and Low Stand 

The l a k e  r e c e s s i o n  t h a t  began p r i o r  t o  t h e  Mono C r a t e r s  

e r u p t i o n  of 1245 c a l  BP continued,  wi th  minor t r a n s g r e s s i o n s  

and pauses,  f o r  s e v e r a l  c e n t u r i e s .  By roughly 875 y e a r s  ago 
'I. 

t h e  l a k e  margin had reoccupied t h e  d i s t a l  f r i n g e  of t h e  

S c h o l l  t e r r a c e .  Woody vege ta t i on  followed t h e  reced ing  l a k e  

margin, co lon iz ing  well-watered p o r t i o n s  of t h e  shore lands  t o  

e l e v a t i o n s  as low a s  6373 f e e t .  Geomorphological evidence 

a rgues  t h a t  t h e  l a k e  d i d  no t  drop below. 6368 feet.  

This  low s t and ,  he re  c a l l e d  t h e  Lee Vining D e l t a  Low 

Stand,  ended 866 c a l  BP when t h e  l a k e  r o s e  r a p i d l y  i n  

response t o  i nc reased  inf low.  

P.videncf= 

During t h e  mid-1950s, as Mono Lake receded toward an  

e l e v a t i o n  of 6400 f e e t ,  t h e  roo ted  remains of shrub  and t r e e  

stumps began t o  p ro t rude  from t h e  d e c l i n i n g  l a k e  s u r f a c e .  

These d e r e l i c t s  were first r epo r t ed  i n  t h e  e a r l y  1960s from 

Lee Vining Creek by D.B. Lawrence (Lawrence and Lawrence, 

, 1961) .  During t h e  p a s t  two decades hundreds more roo ted  

snags  have emerged from t h e  d e c l i n i n g  l a k e  (Photos 24a and 



b)  . They a r e  most abundant on por t ions  of t h e  shorelands 

where f r e s h  water i s  p l e n t i f u l ,  including a reas  near  Simon's 

Springs and Warm Springs, t h e  Western Embayment, and t h e  Lee 

Vining and M i l l  Creek d e l t a s .  (Any t r e e s  t h a t  grew on t h e  

d e l t a  of Rush Creek a r e  today hidden beneath t h e  t h i c k  mantle 

of reworked tephra t h a t  has been deposi ted by t h a t  s t ream 

s i n c e  t h e  l a s t  e rupt ion  of t h e  Mono Cra te r s . )  These rooted 

d e r e l i c t s  include a t  l e a s t  .two a rborea l  species--- - and - ---and two arbuscular  

types--- sp. and Chrvsothamnus m. Stumps of t r e e s  are 

r e s t r i c t e d  t o  e l eva t ions  above 6388 f e e t ,  while shrub stumps 

can be found a s  much a s  15 f e e t  lower. 

Wood co l l ec ted  from t h e  outermost r i n g s  of 13 i n  situ 

t r e e  and shrub stumps was radiocarbon dated.  The results of 

t h e  14c assays show c l e a r l y  t h a t  t h e s e  paleo-woodlands and 

-shrublands a r e  composed of a t  l e a s t  two, and most l i k e l y  

t h r e e  generat ions of stumps. Ages of t h e  nine dated members 

of t h e  o l d e s t  generat ion range from 837 k 8 7  c a l  BP t o  880 +23 

c a l  BP. The narrowest age i n t e r v a l  shared by t h e  n ine  

Generation-1 stumps i s  866 f9 c a l  BP. It w i l l  be 

demonstrated i n  t h e  following s e c t i o n  t h a t  t h e  death of t h e s e  

Generation-1 (G-1) t r e e s  and shrubs approximately 866 c a l  BP 

coincided with a r i s e  i n  lake  l e v e l .  

Not su rp r i s ing ly ,  t h e  stumps rooted a t  r e l a t i v e l y  high 

e leva t ions  (up t o  6402 f e e t )  d i sp lay  more annual r i n g s  than 



t h o s e  a t  lower l e v e l s .  Severa l  of t h e  t r e e  stumps growing a t  

o r  nea r  an e l e v a t i o n  of 6398 f e e t  a r e  made up o f  

approximately 50 r i n g s .  The lowest of t h e  in s i t u  stumps 

d i scove red  t o  datel1--a smal l  (? )  roo ted  

approximately 3000 m west of  t h e  mouth of Lee Vining Creek a t  

an  e l e v a t i o n  of  6373 fee t7- l ived  f o r  on ly  e i g h t  yea r s .  Given' 

t h e  i n a b i l i t y  of vascu la r  p l a n t s  t o  su rv ive  i n  t h e  b i t t e r  

wate rs  of  Mono Lake, t h e s e  G - 1  stumps provide i r r e f u t a b l e  

evidence t h a t  t h e  l a k e  s tood  below an e l e v a t i o n  of 6398 f e e t  

f o r  a t  l e a s t  a h a l f  century,  and below 6373 f e e t  f o r  a t  l e a s t  

e i g h t  years ,  immediately p r i o r  t o  -866 c a l  BP. 

Exposures a long  t h e  wa l l s  of f r e s h  s t ream c u t s  r e v e a l  

a d d i t i o n a l  stumps of t h i s  same age, bu;ied under a l l u v i a l ,  

l i t t o r a l ,  and l a c u s t r a l  sediments. These newly-exposed 

stumps occur  i n  a s s o c i a t i o n  wi th  a bu r i ed  A-horizon ( t h e  

"A-horizon of t h e  -1000 BP low standm--see, f o r  example, t h e  

"Stump c u t w  exposure, P l a t e  3A) t h a t  formed as t h e  l a k e  

receeded t o  t h e  Lee Vining Del ta  Recession.  This  same 

A-horizon, a s s o c i a t e d  wi th  herbaceous and/or  woody p l a n t  

remains, can be found i n  most c u t s  and p i t s  around t h e  

western  and southwestern shores  of t h e  l a k e .  I t  i s  

p a r t i c u l a r l y  w e l l  developed i n  a s e c t i o n  exposed a long  t h e  

east wa l l  o f  Dechambeau Creek ( t h e  "Dechambeau Creek c u t w ,  

p l a t e  5A) where a f reshwater  marsh s i m i l a r  t o  t h a t  of today 

f o s t e r e d  a t h i c k  accumulation of sod.  Along Dechambeau 



Creek, a s  elsewhere, t h e  humic horizon assoc ia ted  with t h e  

Lee Vining Delta Recession and Low Stand can be t r a c e d  t o  

(and arguably below) an e levat ion  of 6378 f e e t .  

A f u r t h e r  t e l l t a l e  s ign  of t h e  Lee Vining Delta Low 

Stand occurs i n  t h e  form of fine-grained subsurface sediments 

t h a t  d i s p l a y  des icca t ion  Cracks and a blocky s t r u c t u r e  

a t t r i b u t a b l e  t o  dehydration-induced shrinkage. These 

c h a r a c t e r i s t i c s  a r e  common i n  Units HI, and H, ( c l ays  and 

s i l t y  c l a y s )  of Marina P i t  1.. 

on of the 7,ee V m a  Delta LQW st& . I 

I n  t h e  course of t h e  Lee Vining De.lta Recesssion and Low 

Stand, a s  wel l  a s  during t h e  subsequent t ransgress ion  (see 

below), t h e  l ake  spread a veneer of l i t t o r a l  and o o l i t i c  sand 

over t h e  lower reaches of t h e  la te-Holocene shorelands.  

These sands a r e  encountered a t  a depth of up t o  60 cm i n  p i t s  

excavated a t  an e l eva t ion  of 6373 f e e t ,  i n d i c a t i n g  t h a t  t h e  

sands reached t o  a t  l e a s t  6371 f e e t .  Given t h a t  t h e  lake  

su r face  has t o  have dropped t o  6372 f e e t  o r  lower t o  allow 

t h e  a v s o -  t o  grow a t  6373 f e e t  ( see  above), and given 

t h a t  l i t t o r a l  sands can be deposi ted i n  a t  l e a s t  a meter of 

water, t h e s e  depos i t s  provide l i t t l e  b a s i s  f o r  f u r t h e r  

c l a r i f y i n g  t h e  e l eva t ion  of t h e  Lee Vining Creek Low Stand. 

~eomorphologica l  evidence s t rongly  suggests  t h a t  t h e  



l ake  d i d  not  drop below t h e  l e v e l  of t h e  Schol l  t e r r a c e  

during Lee Vining Delta time. Based on observations made 

during s t u d i e s  of t h e  Paoha I s l e t s  between 1983 and '86, it 

is  c l e a r  t h a t  when a r i s i n g  l ake  margin impinges aga ins t  

shorelands whose s lope exceeds t h e  "equilibrium gradient"  

(determined on t h e  one haid by r e s i s t e n c e  of shoreland 

m a t e r i a l s  t o  erosion,  and on t h e  o the r  by t h e  energy of t h e  

e ros iona l  processes) ,  the3 ' r . is ing l ake  bea t s  t h a t  s t e e p e r  

su r face  landward, c rea t ing  an abrasion platform and 

c l i f f l i n e .  Truncation of t h e  sedimentary record r e s u l t s .  It 

can be expected t h a t  i f  t h e  lake  had dropped one f o o t  (two 

f e e t )  below t h e  sur face  of t h e  Schol l  t e r r a c e  during t h e  Lee 

Vining Creek Recession and Low Stand, roughly one f o o t  (two 

f e e t )  of sediment would have been removed during t h e  

subsequent t ransgress ion .  While t h e r e  i s  a suggestion i n  

low-elevation p i t s  t h a t  t h e  sediments immediately overlying 

t h e  Mono Cra ters  ash of 1245 c a l  BP a r e  reworked, t h e r e  i s  no 

s ign  of wholesale t runcat ion;  indeed, t h e  f a c t  t h a t  t h e  

t ephra  of 1245 c a l  BP does p e r s i s t  i n  low-elevation shoreland 

s e c t i o n s  argues t h a t  t h e  lake d i d  not drop f a r  enough below 

t h e  Schol l  t e r r a c e  (if indeed it dropped below it a t  a l l )  t o  

undercut t h e  ash during t h e  subsequent t ransgress ion .  With 

no evidence t o  i n d i c a t e  t h a t  t h e  lake  dropped below t h e  

d i s t a l  margin of t h e  Schol l  t e r r a c e ,  it i s  concluded t h a t  

during Lee Vining Delta time t h e  lake  su r face  reached a l e v e l  



somewhere between 6368 and 6371 f e e t .  

m 

The L e e  Vining Delta Low Stand marks the l a s t  time that  

the shorel ine reached the lower reaches o f  the Schol l  Terrace m 

under natural condit ions.  From t h i s  exceptional ly  low l e v e l  
. . m 

the  lake would rise sharply, inundating shorelands that  had 

been exposed f o r  1000 years or  more. 



The Post Office Transgression and High Stand 

t roduct ion 

The Lee Vining Del ta  Low Stand ended around 866 cal BP 

when Mono Lake began t o  swe l l  i n  response t o  i nc reased  

in f low.  The r i s i n g  l a k e  f looded t h e  d e l t a  t r e n c h e s  and 

inundated t h e  s h o r e l a n d s , ' - k i l l i n g  t h e  vege ta t i on  cover  and 

depos i t i ng  a  s h e e t  of  sands,  silts, and c l a y s  over  a  well- t o  

poorly-developed A-horizon. 

The -60-ver t ical - foot  t r a n s g r e s s i o n  culminated a t  o r  

s l i g h t l y  below an e l e v a t i o n  of  6430 f e e t .  This,  t h e  "Post 

O f f i c e  High S tandw,  marks t h e  f i r s t  t ime i n  a  millenium t h a t  

t h e  l a k e  reached l e v e l s  which, by h i s t o r i c  s tandards ,  can be  

cons idered  high.  

F v i W  

That t h e  dea th  of  t h e  Generation-1 shrubs  and t r e e s  

approximately 866 cal BP (pg. 248) coincided with  a rise i n  

l a k e  l e v e l  can be demonstrated a t  a  number of d e l t a i c  and 

shore land  s e c t i o n s  around Mono Lake. Along t h e  w e s t  w a l l  of 

Rush Creek t h e  t r a n s g r e s s i o n  i s  expressed as a  l a y e r  of beach 

sand t h a t  b u r i e s  a weak and d i scont inuous  A-horizon. (This 

s e c t i o n  i s  no t  i l l u s t r a t e d . )  A c a l i b r a t e d  radiocarbon d a t e  



o f  851 +67 c a l  BP (USGS-1321 =920 235 y r s  BPI on u n i d e n t i f i e d  

graminoid  s h o o t s  c o l l e c t e d  from t h i s  ho r i zon  e f f e c t i v e l y  

d a t e s  t h e  d e a t h  and b u r i a l  o f  t h e  v e g e t a t i o n  cover .  A 

pinecone  d i s cove red  i n  t h i s  same u n i t  a l o n g  t h e  e a s t  w a l l  o f  

Rush Creek by M r .  Mike P e r k i n s  o f  Berkeley,  C a l i f o r n i a  i n  

1983 p rov ides  a v i r t u a l l y , i d e n t i c a l  d a t e  of 855 k68 c a l  BP 
- 

(USGS-1704 =930 240 y r s  BP) . 
A t  "Stump c u t "  nea r , $he  mouth of Lee Vining Creek ( P l a t e  

3 A )  s i l ts  and f i n e  sands  (Un i t s  Ei, and Eli,) bury a humic 

ho r i zon  ( t h e  "A-horizon o f  t h e  -1000 BP low stand11) i n  which 

i s  r o o t e d  t h e  remains o f  numerous sh rub  stumps. "C a n a l y s i s  

o f  wood from one of  t h e s e  i n d i v i d u a l s  places t h e  d e a t h  o f  t h e  

v e g e t a t i o n  and b u r i a l  o f  t h e  humic hor izon  a t  846 216 cal BP 

(LDGO-1677 LW =940 230 y r s  B P ) .  

The f i n e  sand  t h a t  b u r i e s  t h i s  humic hor izon  can be  

t r a c e d  upstream t o  t h e  Lee Vining C r e e k  "Terrace c u t U  ( P l a t e  

3C) .  H e r e ,  t h e s e  sands  (de s igna t ed  Unit  C a t  t h e  "Terrace 

cute1)  are r i c h  i n  v e g e t a l  d e t r i t u s  which i n  some p l a c e s  

composes a f i b r o u s  mat up t o  12 c m  t h i c k .  A p inecone 

e x t r a c t e d  from t h i s  mat d a t e s  a t  822 294 c a l  BP (USGS-1310 

-890 260 y r s  BP) . 
The sands  and p l a n t  remains t h a t  make up Uni t  C on t h e  

L e e  Vining "Terrace  c u t "  unconformably o v e r l i e  approximate ly  

75 c m  o f  f l u v i a l  cobble-gravel  composed o f  well-rounded 



c l a s t s  t o  1 7  cm. Based on p r i n c i p l e s  of d e l t a i c  

sedimentation described previously (Section A of Chapter 2), 

t h i s  sequence of coarse f l u v i a l  d e t r i t u s  unconformably 

over l a in  by f i n e  l a c u s t r i n e  sediments would suggest t h e  

inundation by a r i s i n g  lake of an a l l u v i a l  t e r r a c e  perched 

above t h e  f l o o r  of a  d e l t a  t rench.  The exis tence  of a  d e l t a  - 

t r ench  a t  t h i s  s i t e  -866 c a l  BP can be demonstrated from 

f i e l d  r e l a t i o n s h i p s .  Note on Photos 24a and b t h a t  t h e  ". 
-860-year-old stumps rooted on t h e  p l a i n  of t h e  Lee Vining 

Creek d e l t a  f l a r e  abrupt ly a t  t h e i r  bases a s  they  widen 

downward i n t o  a  root  system. The basa l  f l a r e  exh ib i t ed  by 

t h e  stumps c l e a r l y  coincides with t h e  present-day su r face  of 

t h e  d e l t a  p la in ,  i n d i c a t i n g ' t h a t  t h e  plain-surface of 866 c a l  

BP was l i t t l e  d i f f e r e n t  from t h a t  of today. Based on 

radiocarbon da tes  already c i t e d ,  t h e  sur face  on which these  

stumps a r e  rooted i s  c l e a r l y  contemporaneous with t h e  su r face  

of t h e  pu ta t ive  stream t e r r a c e  exposed i n  t h e  Lee Vining 

Creek "Terrace c u t w .  The two sur faces  l i e  within -50 

hor izon ta l  meters of one another, ye t  a r e  separated by more 

than 3 v e r t i c a l  meters. The a l l u v i a l  sur face  must t h e r e f o r e  

be a  f e a t u r e  of a  t rench t h a t  b i sec ted  t h e  Lee Vining Creek 

d e l t a  of -866 c a l  BP. This t e r r a c e ,  oxidized a t  i t s  su r face  

and over l a in  by t h e  f i n e  sands and vegeta l  d e t r i t u s  of t h e  

t r ansgress ion  of -866 c a l  BPI can be t r a c e d  discont inuously 

upstream f o r  over  500 meters where, a t  an e levat ion  of around 



6420 f e e t ,  it disappears  beneath a t h i c k  accumulation of 

overburden. 

on of the Post O f f i c g  

The f i n e  sands and organic  d e t r i t u s  t h a t  o v e r l i e  t h e  

exhumed t rench- ter race  ayong t h e  e a s t e r n  wall  of  t h e  Lee 

Vining Creek c u t  provide evidence t h a t  t h e  l ake  reached an 

e leva t ion  of a t  l e a s t  6420 f e e t  during t h e  t r ansgress ion  of 

866 c a l  BP. S t i l l  f a r t h u r  upstream, a t  t h e  Lee Vining Creek 

llMeander-cut" ( P l a t e  3B), l i t t o r a l  sands o v e r l i e  a t h i c k  

( l o o +  c m )  dark brown t o  black A-horizon ( t h e  "post--2000 BP 

A-horizon) t h a t  formed on coarse and f i n e  alluvium (Unit F) 

during t h e  1000+ years  of p e r s i s t e n t l y  low lake  l e v e l s  t h a t  

followed t h e  Dechambeau Ranch High stand.'* Charcoal was 

c o l l e c t e d  from t h e  l i t t o r a l  sands, though no radiocarbon 

d a t e s  were obtained on t h e  ma te r i a l s .  The age of t h e  sand 

can be constrained,  however, using tephrochronologic 

evidence. The Mono Cra te r s  tephra  of 605 c a l  BP (Unit D a t  

t h e  "Meander c u t n )  o v e r l i e s  a weak A-horizon t h a t  developed 

on t h e  l i t t o r a l  sands, while pockets of t h e  1245-year-old ash  

can be found within t h e  underlying s o i l  (Unit F ) .  Since only I 

two l a k e  t r ansgress ions  ( t h a t  of 866 c a l  BP and t h a t  of -680 

c a l  BP--see below) occurred during t h e  s i x  cen tu r i e s  t h a t  

sepa ra tes  t h e  two Mono Cra ters  ashes,  and s ince  it can be 
I 

demonstrated t h a t  t h e  l a t e r  of t h e s e  two t r ansgress ions  



reached an e leva t ion  of only 6409 f e e t ,  t h e  sands t h a t  

o v e r l i e  t h e  post-Dechambeau Ranch s o i l  on Lee Vining Creek 

must have been deposi ted during Post Off ice Creek t ime. 

Another good exposure of t h e  post--2000 BP A-horizon 

occurs  along t h e  e a s t  wal l  of M i l l  Creek a t  t h e  llUpmill cu t"  

( P l a t e  4 C ) .  There it i s  over la in  by t h e  two most recent  Mono 

Cra te r s  t ephras  (Units  F and H ) .  Sandwiched between t h e  two 

ash u n i t s  i s  a t h i n  layer 'of  l i t t o r a l ( ? )  sands and gravels  

Unit G ) .  This u n i t  p inches ,ou t  landward a t  an e l eva t ion  of 

approximately 6430 f e e t ,  suggesting t h a t  t h e  l ake  rose  t o ,  

but  not  above, t h i s  e l eva t ion .  It i s  t h e r e f o r e  t e n t a t i v e l y  

concluded t h a t  t h e  Post Off ice Creek High Stand l i e s  a t  an 

e l eva t ion  of 6430 f e e t  .13 

From i t s  Post  Off ice High Stand Mono Lake would again 

dec l ine ,  exposing newly-deposited sands and g rave l s  t o  

vegeta t ion  coloniza t ion  and pedogenesis. 



-800 to 680 cal BP--The Simis Ranch Recession and Low Stand 

During t h e  cen tu ry  o r  s o  t h a t  fol lowed t h e  Pos t  O f f i c e  

High Stand Mono Lake r e tu rned  t o  low l e v e l s ,  s i n k i n g  some 

f i f t y  feet t o  an e leva t io ;  somewhat below 6379 feet 

immediately b e f o r e  680 cal BP. Th i s  r eces s ion  and low s tand ,  

h e r e  c a l l e d  t h e  Simis ~ a n c h  Low Stand,  i s  expressed  i n  c u t s  

and p i t s  as l ake - r eces s iona l  sediments capped wi th  a weakly 

developed A-horizon. Stumps of  trees and shrubs  t h a t  

co lon ized  t h e  newly exposed shore lands  du r ing  t h i s  p e r i o d  

p e r s i s t  today  as roo ted  snags; d a t e s  on t h e s e  p l a n t  remains 

p rov ide  an upper c o n s t r a i n i n g  age on t h e  t e rmina t ion  of  t h e  

l a k e  c o n t r a c t i o n .  

A s  t h e  l a k e  withdrew from t h e  Pos t  O f f i c e  High S tand  

l i t t o r a l  sediments  were spread  over  t h e  former l a k e  f l o o r .  

I n  t i m e ,  v e g e t a t i o n  colonized t h e s e  sediments,  l e a d i n g  t o  t h e  

development of  an A-horizon. C lea r  exposures o f  . t h i s  

"post-866 cal BP A-horizonw can be  seen i n  t h e  Lee Vining I 

Creek "Meander-cut" (Plate 3B). There t h e  humic hor izon  
I 

developed on g r a v e l l y  coa r se  sands  (Unit Ei,) t h a t  o v e r l i e  and 

l o c a l l y  t r u n c a t e  t h e  f i n e  sands,  sil ts,  and organic - r ich  ' I 



sil ts  of  t h e  Post  Of f i ce  High Stand.  This  s o i l  can b e  t r a c e d  

downstream t o  an e l e v a t i o n  of approximately 6888 f e e t  on t h e  

Lee Vining "Stump cu t" .  

A t  a number of s i t e s  around t h e  shore lands  deep-water 

c l a y s  and s i l t y  c l a y s  a s s o c i a t e d  wi th  t h e  high s t a n d  of  866 

cal  BP a r e  o v e r l a i n  by l i t t o r a l  sands .  This  r e l a t i o n s h i p  i s  ' 

e v i d e n t  a t  an e l e v a t i o n  of approximatly 6379 feet i n  Marina 

P i t  1 ( P l a t e  5E). Here t h e  c l a y s  (Unit  F) l a c k  an A-horizon, 

b u t  con ta in  abundant fragments of r o o t s ,  sugges t ing  t h a t  an 

e x i s t i n g  humic hor izon was t r u n c a t e d  dur ing  a r ise i n  l a k e  

l e v e l .  (This  sequence of even t s  i s  a l s o  suggested by t h e  

l a c k  of  t r a n s i t i o n a l  depos i t s ,  i nc lud ing  o o l i t i c  sands,  

between t h e  l i t t o r a l  and deep-water sediments . )  The sands 

(Unit  E), themselves l ack ing  p l a n t  d e t r i t u s ,  are t h e r e f o r e  

i n t e r p r e t e d  t o  be t r a n s g r e s s i o n a l  r a t h e r  t han  r e c e s s i o n a l .  

Never the less ,  t h e s e  sands, i n  combination wi th  t h e  abundance 

of p l a n t  d e t r i t u s  i n  t h e  under lying c l ays ,  l e a v e  l i t t l e  doubt 

t h a t  t h e  l a k e  dropped t o  below t h i s  e l e v a t i o n  du r ing  Simis 

Ranch t ime .  

HOW much lower t han  6379 f e e t  t h e  l a k e  dropped dur ing  

t h e  Simis  Ranch Recession cannot be a s c e r t a i n e d  from e x i s t i n g  

c u t s  and p i t s .  Nor can t h e  d i s t r i b u t i o n  of  vege t a t i on  t h a t  

grew a t  low e l e v a t i o n s  dur ing Simis Ranch t ime be used t o  

c l a r i f y  t h e  u l t i m a t e  l e v e l  of t h e  low s tand;  t h u s  far ,  

stumps from t h i s  e r a  have been found on ly  as low as 6388 



f e e t .  In  drawing t h e  l ake  l e v e l  curve, the re fo re ,  a s o l i d  

l i n e  i s  shown descending t o  an e leva t ion  of 6379 f e e t  ( the  

e l eva t ion  of t h e  sands i n  Marina P i t  1); a dashed l i n e  

extends t o  6375 f e e t .  Radiocarbon da t ing  of more low-lying 

in s i t u  vegeta t ion ,  and f u t u r e  excavations on present ly-  

inundated shorelands,  may" permit a more p r e c i s e  evalua t ion  o; I 
t h e  l e v e l  of t h e  Simis Ranch Low Stand. 

The -50-foot recess ion  t h a t  began around 800 c a l  BP 

p e r s i s t e d  f o r  j u s t  over a century.  T r e e s  t h a t  grew on l ands  
I 

uncovered during t h e  S i m i s  Ranch Recession would be k i l l e d  

beginning about 680 c a l  BP, a s  Mono Lake r o s e  t o  its "Rush 

Del ta  High Stand". 



680 to 605 CAL BP 

The Rush Delta Transgression and High Stand 

By roughly seven c e n t u r i e s  ago Mono Lake w a s  r i s i n g  from 

t h e  Simis  Ranch Low Stand, k i l l i n g  vege ta t i on  and spread ing  a 

b l a n k e t  of  l ake - t r ansg re s s ive  sediments over  t h e  p rev ious ly  
,'. 

exposed shore lands .  Radiocarbon a n a l y s i s  of wood from roo ted  

stumps k i l l e d  by t h e  l a k e  r i s e  p l a c e s  t h e  beginning o f  t h e  

t r a n s g r e s s i o n  a t  -680 c a l  BP, while t e p h r a  from t h e  most 

r e c e n t  e r u p t i o n  of  t h e  Mono C r a t e r s  f i x e s  bo th  t h e  d a t e  (605 

cal BP) and t h e  e l e v a t i o n  (6406-8 feet)  of  t h e  r e s u l t a n t  h igh  

s t a n d  (here  c a l l e d  t h e  Rush Del ta  High S t a n d ) .  

Radiocarbon a n a l y s i s  on t h e  t h i r t e e n  roo ted  shrub  and 

, t r e e  stumps l i s t e d  i n  Table 2 i n d i c a t e s  t h a t  a t  least two o f  

t h e  i n d i v i d u a l s  d i e d  j u s t  under seven c e n t u r i e s  ago.l"ates 

on t h e s e  "Generation-2" stumps a r e  699 225 cal BP (LDGO 1677 

AW =770 250 y r s  BPI and 670 k15 cal BP (USGS 1277 a700 + 60 

y r s  BP). The narrowest  age i n t e r v a l  sha red  by t h e s e  two 

d e r e l i c t s  i s  680 2 5  c a l  BP; t h i s  d a t e ,  then ,  i s  used t o  mark 

, t h e  beg inn ing  of t h e  "Rush Del ta  Transgress ion" .  

The t r e e - k i l l  of -680 c a l  BP, l i k e  t h a t  o f  -866 c a l  BP, 



1 

coincided with a r i s e  i n  lake  l e v e l  t h a t  can be demonstrated 

from sedimentary sequences exposed i n  many d i f f e r e n t  c u t s  and I 

p i t s .  The previously-discussed t r a n s g r e s s i v e  sands (Unit E )  

exposed a t  e l eva t ion  6379 f e e t  i n  Marina P i t  1 (P la te  5E) - 
- 

grade upwards i n t o  o o l i t i c  sands, then  i n t o  c l ays  of deep 

water; t h e s e  c l ays  a r e  ix5 t u r n  over l a in  by a white volcanic  

ash.  On t h e  Lee Vining "Stump c u t w  ( P l a t e  3A) t h e  post-866 

c a l  BP A-horizon i s  over l a in  by t h e  f i n e ,  quar tz  and o o l i t i c  

sands of Unit D .  Near t h e  t o p  of Unit D a t h i r d  type  of 

sand, composed of white pumice, becomes an important 

c o n s t i t u e n t  of t h e s e  shallow-water sediments. The advent of  

t h e  pumice sands i n  Unit D of "Stump c u t w  and of volcanic  ash  

(Unit Diii) i n  Marina P i t  1 marks t h e  Mono Cra te r s  e rupt ion  of 

605 c a l  BP. 

Te~-d its 

e F l u c t u a t i o n  C u  

t roduc t ion .  S ix  c e n t u r i e s  ago a series of erupt ions  

from vents  along t h e  c r e s t  of t h e  Mono Cra ters  s e n t  plumes of 

a sh  and l a p i l l i  over Mono Lake. The t ephra  blanketed 
Y 

vegeta ted  su r faces  on s u b a e r i a l  por t ions  of t h e  l a t e  Holocene 

shorelands,  and covered t h e  muds of t h e  l ake  bottom. Waves . 
I 

and l i t t o r a l  cu r ren t s  incorporated t h e  e j e c t a  i n t o  beach 

depos i t s ,  while streams reworked and deposi ted it a s  de l t a .  



t opse t ,  f o r e s e t ,  and bottomset beds. Subaerial ,  

sublacus t r ine ,  l i t t o r a l ,  and d e l t a i c  depos i t s  of t h i s  tephra  

can be used t o  show conclusively t h a t  t h e  sur face  of Mono 

Lake s tood a t  an e l eva t ion  of 6405-6406 f e e t  a t  t h e  time of 

t h e  e rup t ion .  

-a of 605 w. Tephra from t h e  most recent  - 
erupt ion  of t h e  Mono Cra ters  was f i r s t  recognized and b r i e f l y  

descr ibed by Wood and Brooks (19791,  who bel ieved it t o  be ,'. 
. .  

t h e  product of Panum Dome (northernmost of t h e  Mono Domes). 

Subsequent d e t a i l e d  analys is '  of t h e  s t r a t ig raphy ,  age, and 

d i s t r i b u t i o n  of t h e  tephra  by Sieh (1983; i n  p ress )  i n d i c a t e s  

t h a t  it was e j e c t e d  from severa l  vents  along t h e  c r e s t  of t h e  

Mono Cra te r s  approximately '605 c a l  BP. 

E jec ta  from t h i s  most recent  spa te  of Mono Cra ters  

e rupt ions  has been found a t  hundreds of s i t e s  around t h e  l a t e  

Holocene shorelands of Mono Lake. - Along t h e  southern shore, 

i n  t h e  near  v i c i n i t y  of i t s  sources,  t h e  tephra may include 

p y r o c l a s t i c  flow depos i t s  composed of poorly s o r t e d  pumice 

and g r e y - l i t h i c  and obsidian c l a s t s  ranging i n  s i z e  from s i l t  

t o  boulders .  A t  s i t e s  more d i s t a n t  from t h e  e rup t ive  

cen te r s ,  t h e  tephra deposi t  i s  made up of a  s e r i e s  of t h i n  

(5-10mm) a i r f a l l - a s h  beds with a  t o t a l  th ickness  on t h e  order  

of 5-1Ocm. This sequence of f i n e  ash t y p i c a l l y  o v e r l i e s  a 

' b a s a l  l a y e r  of coarse ash o r  f i n e  l a p i l l i .  The basa l  layer ,  

and t h e  lack of a  l a p i l l i  l a y e r  midway through t h e  ash  



sequence, usually makes the  tephra of 605 c a l  BP readily 

dist inguishable from tha t  produced during the  eruption of 

1245 c a l  BP (see Photo 23a). 

elevations above 6406 f ee t  on the  Mono shorelands the  ash of 

605 c a l  BP typ ica l ly  overl ies a s o i l .  A t  these elevations - 
t h e  ash is discontinuous and highly variable i n  thickness 

over shor t  distances.  Individual subunits within the  a i r f a l l  

sequence can seldom be traced l a t e r a l l y  more than one meter. 

A t  these s i t e s  the  ash appears t o  have s e t t l e d  subaerial ly on 

a vegetated surface. I 

A t  elevations below about 6406 fee t ,  the  ash typ ica l ly  

over l ies  e i t h e r  shallow-water sands and gravels, o r  deep-lake 

muds. Here the  a i r f a l l  deposit i s  composed of compact planer 

beds of unvarying thickness--suggestive of quiet-water 

deposition. 

Both the  subaerial  and quiet-water fac ies  of the  Mono 

Craters ash of 605 ca l  BP can be seen i n  the  "Milldown cutw 

along the  eastern wall of M i l l  Creek. Also displayed i n  t h i s  

section i s  a l i t t o r a l  facies  of the  tephra. Note there  

(Plate  4D), and on Photo 25, t ha t  a t  an elevation of 6406 

f ee t  t he  a i r f a l l  ash sequence (Unit Fii , )  is  intercala ted with 

th in  layers  of well-sorted, medium quartz-sand,. This 

t r ans i t ion  from a subaerial environment a t  elevations above 



6406 f e e t ,  through an apparent ly l i t t o r a l  environment a t  

around 6406 f e e t ,  t o  a  quiet-water environment below t h a t  

e l eva t ion  s t rong ly  suggests  t h a t  t h e  lake  sur face  s tood a t  an 

e l eva t ion  of around 6406 f e e t  a t  t h e  time t h e  ash  was 

deposi ted.  

This conclusion i s  corroborated i n  a sec t ion  exposed 

along t h e  west wal l  of t h e  Rush Creek cu t ,  approximately 300 

meters downstream from the,  lowest county-road cross ing  ( the  

"Clover Ranch c r o s s i n g w ) .  The sec t ion  is  p ic tu red  on Photo 

26. Note t h a t  near  t h e  base of t h e  sec t ion  d e l t a  topse t ,  

f o r e s e t ,  and bottomset beds composed of Mono Cra te r s  tephra 

o v e r l i e  beach sands der ived from both t h e  Mono Cra ters  and 

t h e  S i e r r a  Nevada. The f o r e s e t  beds terminate  aga ins t  

t o p s e t s  a t  an e l eva t ion  of 6406 f e e t ,  confirming t h a t  t h e  

l ake  stood a t ,  o r  s l i g h t l y  below,14 t h a t  e l eva t ion  a t  t h e  time 

of t h e  Mono Cra ters  e rupt ion  of 605 c a l  BP. 

Evidence f o r  a  s l i g h t  r i s e  i n  lake  l e v e l  immediately 

following t h e  erupt ion  of 605 c a l  BP can be seen i n  t h e  

Milldown c u t  ( P l a t e  4 D ) .  There t h e  tephra  of 605 c a l  BP i s  

o v e r l a i n  by l i t t o r a l  sands (Units Fiii and Fi,) t h a t  coarsen . 
, upwards i n t o  a  broad berm composed of tufa- f ros ted  pebbly 

beach shingle.16 The c r e s t  of t h e  berm s tands  a t  6409 f e e t ,  



while both the sands and the shingle pinch out upstream at an 

elevation of approximately 6407 feet. Neither here nor 

elsewhere can sediments associated with the Rush Delta High 

Stand be found at elevations higher than 6407-9 feet. 

Furthermore, these lake-transgressional sediments are capped 

by a humic horizon that melds with the post-866 cal BP soil 

at the point where the sediments pinch out, providing 

evidence that the lake did.not reach to elevations higher 

than the crest of the berm. The Rush Delta High Stand is 

therefore placed at 6409 feet. Only after a substantial drop 

in lake level (the 10-Mile Road recession) would the lake 

again return to these elevations. 



605 to 550 cal BP 

The 10-Mile Road Recession and Low Stand 

The Rush D e l t a  High Stand,was followed by a  r a p i d  

30-foot d rop  i n  l a k e  l e v e l  t h a t  culminated s h o r t l y  be fo re  550 

cal BP a t  an  e l e v a t i o n  of around 6380 feet ( t h e  "10-Mile Road 

Low S t a n d n ) .  The drop i n l a k e  l e v e l  i s  recorded as a change 

from deep- t o  sha l low-water ,depos i t s  i n  sedimentary s e c t i o n s  

on t h e  Mono shore lands .  A t  an  e l e v a t i o n  of 6380 feet i n  t h e  

"10-Mile P i t w  ( P l a t e  5B), f o r  i n s t ance ,  t h e  a s h  of  605 cal BP 

( u n i t  H) i s  o v e r l a i n  by a  t h i n  l a y e r  of  b iogen ic  ooze (Unit  

G )  t h a t  accumulated dur ing  t h e  f i n a l  yea r s  of t h e  Rush Delta 

Transgress ion  and dur ing  t h e  e a r l y  s t a g e s  of t h e  ensuing drop 

i n  l a k e  l e v e l .  The ooze is  i n  t u r n  o v e r l a i n  by a  t h i n  l a y e r  

of  l i t t o r a l  sands (Unit F) t h a t  r e p r e s e n t  t h e  10-Mile Road 

Low Stand.  No t r a n s i t i o n a l  d e p o s i t s  are found between t h e  

sands  and t h e  c l ays ,  sugges t ing  t h a t  t h e  deep-water d e p o s i t s  

w e r e  t r u n c a t e d  as t h e  l a k e  margin receded toward, o r  

readvanced from, t h e  10-Mile Road Low Stand.  

A s i m i l a r  sequence of sediments is  exposed a t  e l e v a t i o n  

6380 feet i n  Marina P i t  1 ( P l a t e  5E) .  There, t h e  c l a y s  of  

t h e  Rush De l t a  Transgress ion and High Stand were l o c a l l y  

s t r i p p e d  by waves and longshore c u r r e n t s  as t h e  l a k e  margin 



I 
approached 6380 f e e t  during 10-mile Road time. The 

culminating low s tand  i s  recorded a s  l i t t o r a l  sands (Unit C .I 

t h a t  o v e r l i e  t h e s e  l o c a l l y  t r u n c a t e d . c l a y s .  

On t h e  Lee Vining Creek "Stump c u t n  (P la te  3A) depos i t s  I 

of quar tz ,  pumice, and o o l i t i c  sands d a t i n g  from t h e  10-Mile 
I 

Road Recession emerged from t h e  dec l in ing  l ake  and were 

colonized by vegetat ion,  g iv ing  r i s e  t o  an  A-horizon ( t h e  m 
post-605 c a l  BP A-horizon.) t h a t  p e r s i s t s  today a t  e l eva t ions  

a s  low a s  6391 f e e t .  I 

Stream c u t s  exposed near t h e  mouth of  Rush Creek provide 

evidence of t h e  10-Mile Road Recession, a s  wel l  as f o r  a 

marked s h i f t  i n  t h e  course of t h e  stream t h a t  occurred during 

10-mile Road time. P r i o r  t o  605 c a l  BP Rush Creek flowed 

i n t o  Mono Lake by way of a d e l t a  t r ench  s i t u a t e d  up t o  1000 m 

west of' t h e  present-day stream. Photo 6a i l l u s t r a t e s  t h e  

l o c a t i o n  of t h e  ancient  d e l t a  t rench,  and of t h e  subs id iary  

d e l t a  t h a t  accumulated a t  i t s  mouth. Both of t h e s e  f e a t u r e s  

a r e  today evident  i n  t h e  f i e l d ;  t h e  t r ench  i s  preserved as a 
. . 

ragged d e c l i v i t y  p a r t i a l l y  t o  completely f i l l e d  with 

thoroughly cemented volcanic  d e t r i t u s ,  while t h e  ancient  

s u b s i d i a r y  d e l t a  shows i t s e l f  a s  a  depos i t  of coarse S i e r r a n  

al luvium t h a t  protrudes from t h e  f r o n t  of t h e  parent  d e l t a .  
m 

The mass of e j e c t a  made a v a i l a b l e  t o  Rush Creek by t h e  



Mono C r a t e r s  e rupt ion  of 605 c a l  BP clogged t h e  stream with 

volcanic  gravel ,  sand, and s i l t ,  causing it t o  f i l l  i ts  o l d  

t r ench  and t ake  a new path t o  t h e  l ake  shore.  A t  l e a s t  a 

por t ion  of t h e  stream branched e a s t ,  dumping i t s  load of 

f r e s h l y  erupted  volcanic  d e b r i s  a t  t h e  l ake  margin i n  t h e  

v i c i n i t y  of t h e  present-day stream coarse.  This por t ion  of ' 

t h e  shorelands,  which previously lacked a l l u v i a l  sediments, 

suddenly became p a r t  of t h e  Rush Creek d e l t a .  The change i n  

depos i t iona l  environment i s  recorded i n  t h e  "Lower Rush c u t n  

( P l a t e  2A) a s  f o r e s e t  gravels  and sands (Units F and G) t h a t  

o v e r l i e  l i t t o r a l  sands, e j e c t a  from t h e  Mono Cra te r s  e rupt ion  

of 605 c a l  BP, and s i l t s  of t h e  Rush Delta  High Stand (Units 

H and I ) .  Henceforth t h i s ' a r e a  would be t h e  focus of 

depos i t ion  by Rush Creek. 

10 - Mile Road T,ow St- 

The p r e c i s e  e l eva t ion  of t h e  10-Mile Road Low Stand can 

not  be determined from a v a i l a b l e  s t r a t i g r a p h i c  sec t ions .  The 

f o r e s e t  beds exposed i n  t h e  "Lower Rush cu t "  can be t r a c e d  

downstream t o  6396 f e e t ,  where they  abut l i t t o r a l  sands and 

g rave l s  of Unit G .  The post-605 c a l  BP A-horizon t h a t  formed 

on sands deposi ted i n  t h e  v i c i n i t y  of Lee Vining Creek during 

t h e  10-Mile Road Recession reaches t o  6388 f e e t  o r  lower. 

L i t t o r a l  sands from 10-Mile Road time can be found a t  

e l eva t ions  a s  low a s  6380 f e e t  i n  both 10-Mile Road p i t  and 



Marina P i t  1, ind ica t iny  t h a t  t h e  l ake  margin reached an 

e l e v a t i o n  of 6385 f e e t  o r  lower; on t h e  o the r  hand, t h e  l ack  
I 

of d e s i c c a t i o n  cracks  i n  t h e  underlying c lays  a t  t h e s e  s i t e s  

s t r o n g l y  sugges ts  t h a t  t h e  c lays  never emerged from t h e  lake,  - 
and thus ,  t h a t  t h e  dec l in ing  l ake  margin d i d  not  drop below 

6380 f e e t  i n  10-Mile Roadctime. For now, t h e  10-Mile Road . 

Low Stand i s  placed a t  6380 f e e t ,  sub jec t  t o  f i n e  tuning  on 

t h e  b a s i s  of  f u t u r e  s t r a t i g r a p h i c  analyses .  

The 10-Mile Road Recession and Low Stand was s h o r t  

l i v e d .  By 550 c a l  BP Mono Lake was again r i s i n g ,  k i l l i n g  

shrubs t h a t  had grown a t  low e leva t ions  on t h e  shorelands 

dur ing  t h e  b r i e f  per iod  of exposure. 



550 to -460 cat BP 

The Danberg Beach Transgression and High Stand 

By 550 y e a r s  ago Mono Lake w a s  aga in  on t h e  rise. The - 
l a k e  expansion i s  recorded i n  shore land  p i t s  ( P l a t e  5, 

s e c t i o n s  B-E) as l i t t o r a l  sediments 
'.. 

b iogen ic  ooze.  I n  s e c t i o n s  exposed 

t h a t  grade upwards i n t o  

a long t h e  w a l l s  o f  t h e  

d e l t a  t r e n c h e s  on Rush and M i l l  c r eeks  l ake - t r ansg re s s ive  

d e p o s i t s  can be  fol lowed upstream t o  a conspicuous b u r i e d  

s t r a n d l i n e  a t  an e l e v a t i o n  of 6434 feet .  S t r a t i g r a p h i c  

r e l a t i o n s h i p s  demonstrate t h a t  t h e  l a k e  d i d  no t  r i s e  above 

t h i s  e l e v a t i o n  i n  t h e  course  of  t h e  t r a n s g r e s s i o n .  I n  t h e  

absence of d i r e c t  chronometric c o n t r o l ,  t h i s  h igh  s t and ,  h e r e  

c a l l e d  t h e  Danberg Beach High Stand, is  t e n t a t i v e l y  p l aced  a t  

460 cal BP. 

The d e c l i n e  i n  l a k e  l e v e l  t h a t  culminated i n  t h e  10-Mile 

Road Low Stand  pe rmi t t ed  t h e  growth of  smal l  sh rubs  t o  

e l e v a t i o n s  a s  low as, and perhaps  lower than,  6389 f e e t .  The 

remains of t h e s e  shrubs  c o n s t i t u t e  t h e  t h i r d  gene ra t ion  of  

re l ic t  v e g e t a t i o n  t h a t  p e r s i s t s  today on t h e  shore lands  of  

Mono Lake. P r e s e n t l y  only  two dates--553 fll c a l  BP (LDGO 



I 

1677-IW =570 +30 BP) and 547  f 11 cal BP (LDGO 3677-OW -650 

230 BP) have been ob ta ined  on G-3 d e r e l i c t s .  The average o f  - 
t h e s e  two dates (550 c a l  BP) i s  used t o  mark t h e  beginning of 

the Danberg Beach Transgress ion.  - 
Sedimentary evidence of  t h e  Danberg Beach Transgress ion  

m 
can be seen i n  t h e  Lee v in ing  "Stump c u t n  ( P l a t e  3A), where 

lamina ted  l a c u s t r i n e  silts (Unit  Ci) o v e r l i e  t h e  weak s o i l  m 
I . .  

( t h e  post-605 cal BP A-horizon) t h a t  formed du r ing  t h e  .. 10-mile Road Recession and Low Stand.  These silts can be 

t r a c e d  d i scon t inuous ly  upstream t o  an e l e v a t i o n  o f  6423 feet 
I 

i n  t h e  "Meander c u t "  ( P l a t e  3B, u n i t  Ci) where t h e y  o v e r l i e  a 

m 
weak humic hor izon  t h a t  developed on t h e  Mono Craters a sh  o f  

605 cal  BP. 
m 

A t  t h e  "Lower Rush cu t "  on Rush Creek ( P l a t e  2A) t h e  

foreset g r a v e l s  and sands  (Unit F) and t h e  a s s o c i a t e d  

l i t t o r a l  sands  (Unit  G) depos i ted  du r ing  10-Mile Road t i m e  

w e r e  p a r t i a l l y  t r u n c a t e d  by waves du r ing  t h e  Danberg Beach I 

Transgress ion ;  t h e  r e s u l t a n t  ab ra s ion  p la t form,  cor ruga ted  
I 

wi th  o s c i l l a t i o n  r i p p l e s  on i t s  sur face ,  i s  b lanke ted  wi th  

s i l ts  (Unit  El t h a t  were depos i ted  dur ing  t h e  Danberg Beach 
I 

~ r a n s g r e s s i o n  and High Stand.  These laminated silts can be 

fol lowed upstream t o  t h e  Rush Creek "Downclover c u t n  ( P l a t e  I 

2c, Uni t  Bi) where t hey  o v e r l i e  f l u v i a l  t e r r a c e  g r a v e l s  , 
m 



depos i t ed  du r ing  t h e  10-mile Road Recession and Low Stand.  

The s i l t s  grade  upstream i n t o  a d e p o s i t  o f  l i t t o r a l  sands  and 

beach g r a v e l s  (Unit  Bli) a t  an  e l e v a t i o n  of 6434 feet.  

On t h e  M i l l  Creek "Berm cu t "  ( P l a t e  4B) t h e  Danberg 

Beach High Stand i s  r ep re sen ted  by a broad embankment of 

t u f a - f r o s t e d  beach s h i n g l e  (Unit  F,) t h a t  o v e r l i e s  a 

soil-capped d e p o s i t  of cobble g r a v e l .  (Note t h a t  t h i s  cobble  

g r a v e l  i n c o r p o r a t e s  t h e  Mono C r a t e r s  a sh  of  605 cal BP.) The 

c r e s t  of  t h e  embankment s t a n d s  a t  6433.9 f e e t .  

of t h ~  B e a c h  H i g b  St- 

Both t h e  beach d e p o s i t  (Unit Bli) on t h e  Rush Creek 

"Downclover c u t "  and t h e  broad berm (Unit F,) on t h e  M i l l  

Creek "Berm cu t "  l i e  a t  an elevation of 6434 f e e t .  No h ighe r  

d e p o s i t s  a s s o c i a t e d  wi th  t h e  Danberg Beach Transgress ion can 

be found. Sec t ions  exposed f u r t h e r  upstream (e.g.  on t h e  

M i l l  Creek "Hair cutw--Plate  4A, and on the Lee Vining Creek 

"F l i cke r  cutm--Plate  3D) show evidence of  on ly  one post-605 

cal  BP t r ansg re s s ion - - tha t  of 290 cal BP ( see  below).  

Indeed, where t h e  broad embankment d i sp layed  i n  t h e  Verm 

c u t w  p inches  ou t  on i t s  landward s i d e  t h e  crowning A-horizon 

merges wi th  t h e  s o i l  t h a t  u n d e r l i e s  it, demonstrat ing t h a t  

t h e  l a k e  reached no h ighe r  t han  t h i s  e l e v a t i o n  i n  Danberg 



L 

Beach time. The Danberg Beach High Stand i s  t h e r e f o r e  placed 

a t  6434 f e e t .  - 
m 

Radiocarbon assays on wood from t h e  previously-described 
4 

6-3 brush stumps provide"a r e l i a b l e  d a t e  (550 c a l  BP) on t h e  

beginning of  t h e  Danberg Beach Transgression. No o t h e r  d a t e s  
I, 

from t h i s  t r ansgress ion  are ava i l ab le ,  however. For purposes 

of cons t ruc t ing  t h e  l ake  l e v e l  curve it has  been assumed t h a t  I 

t h e  f l u c t u a t i o n s  t h a t  occurred between 550 c a l  BP and 290 c a l  

BP ( inc luding  two t r ansgress ions  and one recession--see 

Figure 16) were of equal  length .  The Danberg Beach High 

Stand i s  t h u s  placed a t  460 c a l  BP--one-third of  t h e  way 

between t h e s e  two radiocarbon da tes .  



-460 to- -375 cat BP --The Navy Beach Recession and Low Stand 

Depos i t s  a s s o c i a t e d  with t h e  Danberg Beach Transgress ion 

and High Stand are t y p i c a l l y  capped by a weak s o i l ,  

i n d i c a t i n g  a pe r iod  of exposure dur ing  which vege ta t i on  

co lon ized  t h e  newly-emergent s u r f a c e .  This  s o i l  is  

des igna t ed  t h e  "post-400 BP A-horizonw on t h e  Lee Vining 

Creek "Meander cut" ,  on, t h e  M i l l  Creek "Berm cut",  and on t h e  

Rush C r e e k  nDownclover cut".. The s o i l  cannot be  found a t  

e l e v a t i o n s  below about 6400 f e e t ,  sugges t ing  t h a t  any t i m e  

t h a t  t h e  l a k e  spen t  below t h i s  e l e v a t i o n  i n  Navy Beach t ime 

w a s  b r i e f .  

The r eces s ion  i s  expressed as a change from deep- t o  

shallow-water sediments i n  shore land  p i t s .  A t  an  e l e v a t i o n  

of 6379 f e e t  i n  t h e  10-Mile Road P i t  ( P l a t e  SB) c l a y s  

d e p o s i t e d  du r ing  Danberg Beach t ime coarsen upwards i n t o  

c l ayey  silts and s i l t y  c l ays .  Along Navy Beach ( P l a t e  5D) 

ve ry  f i n e  sand reached a comparable e l e v a t i o n .  No coarsening 

o f  sediment a s s o c i a t e d  wi th  t h i s  r eces s ion  can be d e t e c t e d  i n  

Marina P i t  1. These observa t ions  sugges t  t h a t  t h e  l a k e  

approached, b u t  d i d  not  drop below an e l e v a t i o n  of  about  6384 

feet du r ing  Navy Beach t ime.  

Low-elevation s t ream c u t s  l i kewise  record  t h e  Navy Beach 

Recession,  b u t  provide no b a s i s  f o r  p inpo in t ing  t h e  e l e v a t i o n  



I 

of t h e  culminating low stand.  Laminated l a c u s t r i n e  silts 

Unit Cl) t h a t  mark t h e  deepening water of Danberg Beach t ime I 

on t h e  Lee Vining "Stump c u t w  (P la te  3A) grade upwards i n t o  
m 

shallow-water o o l i t i c  sands (Unit Cil) t h a t  appear t o  have 

been t runca ted  a t  e l eva t ions  below 6390 f e e t .  On Lower ~ u s h *  I 

Creek stream grave l s  were deposi ted a t  l e a s t  as low a s  6398 
m 

f e e t ,  but  may well  have continued t o  lower e levat ions ,  only 

t o  have t h e  record o b l i t e r a t e d  by t h e  modern i n c i s i o n  of Rush I 

Creek. 

The b e s t  approximation of  t h e  e l eva t ion  of t h e  Navy I) 

Beach Low Stand i s  derived from shoreland-pit  s t r a t ig raphy ;  
m 

a l a k e  l e v e l  of 6385 f e e t  accounts f o r  t h e  s i l t  and very f i n e  

sand found i n  t h e  p i t s  a t  Navy Beach and 10-Mile Road, and is 
I 

t h e r e f o r e  used t o  mark t h e  lowstand. With no d i r e c t  

rad iometr ic  c o n t r o l  over t h i s  low- s t and  it i s  placed a t  375 

c a l  BP--two-thirds of t h e  way between t h e  10-Mile Road LOW 

Stand of 550 cal BP and t h e  Clover Ranch High Stand of 290 

c a l  BP. 



-375 to 290 cal BP 

The Clover Ranch Transgression and High Stand 

Following t h e  Navy Beach ~ e c e s s i o n  Mono Lake began i t s  - 

f i n a l  p r e - h i s t o r i c  r i s e .  This t ransgress ion ,  here  named t h e  

Clover Ranch Transgression, culminated 290(?) c a l  BP a t  an 
I.. 

e leva t ion  of 6456 feet--a l a t e  Holocene l ake  l e v e l  second 

only t o  t h e  Dechambeau ~ a n c h  High Stand of -3490 BP. 

The Clover Ranch Transgression i n s t i g a t e d  t h e  deposi t ion 

of t h e  "Generation-2 dunes1* nor th  of Mono Lake, and r e s u l t e d  

i n  t h e  formation of confined-onset d e l t a s  on Rush and Lee 

Vining creeks .  The high s tand l e f t  a bold geomorphic 

s t r a n d l i n e  t h a t  p e r s i s t s  today around t h e  e n t i r e  lake;  it i s  

accentuated on some a reas  of t h e  Mono shorelands by an abrupt 

break i n  t h e  dens i ty  of t h e  vegetat ion cover. 

The Clover Ranch Transgression is  expressed i n  t h e  p i t s  

a t  South Tufa, Navy Beach, and 10-Mile Road. There, sands 

I and s i l ts  assoc ia ted  with t h e  Navy Beach Recession and Low 

Stand f i n e  upwardly i n t o  deep-lake c lays .  

1 I n  mid-elevation stream c u t s  (e.g.  t h e  "Berm c u t n  and 

I "Milldown cut1' on M i l l  Creek--Plates 4B and 4 D )  t h e  weak s o i l  



t h a t  developed i n  Navy Beach t ime ( t h e  "post-400 BP 

A-horizonw) i s  o v e r l a i n  by l a c u s t r i n e  s i l ts  of  t h e  Clover 

Ranch Transgress ion  and High Stand.  This  same r e l a t i o n s h i p  

is a l s o  d i s p l a y e d  i n  t h e  Rush Creek "Downclover c u t n  ( P l a t e  

2C) and t h e  Lee Vining "Meander cu tg*  ( P l a t e  3B), where t h e  
? 

s i l t s  bury tree stumps roo ted  i n  t h e  post-400 BP s o i l ;  wood 

from s e v e r a l  o f  t h e s e  stumps has  been c o l l e c t e d  f o r  l a te r  
,'. 

radiocarbon a n a l y s i s .  .: ' . 

The Clover  Ranch-age silts exposed i n  t h e  M i l l  Creek 

"Berm c u t "  can be fol lowed cont inuous ly  upstream t o  t h e  " H a i r  

c u t w  ( P l a t e  4A). A t  h ighe r  exposures  on M i l l  Creek t h e  sil t  

d e p o s i t  g r ades  i n t o  g r a v e l . 1 ~  sands  and sandy g r a v e l s  t h a t  

t e r m i n a t e  a g a i n s t  an  ab ra s ion  p l a t fo rm c u t  i n t o  an  

e a r l y - s t a g e  s u b s i d i a r y  delta. (The county cemetery sits a t o p  

t h i s  e a r l y  Holocene s u b s i d i a r y  d e l t a . )  
m 

A s i m i l a r  p rog re s s ion  of  sediments can be  seen a long  t h e  

e a s t e r n  wall of t h e  delta t r e n c h  on Lee Vining Creek ( P l a t e  - 
3) : t h e  Clover  Ranch-age si l ts  (Uni t s  Bl and Bll) exposed i n  - 
"Meander c u t n  can be followed t o  t h e  "Double-berm c u t n  ( P l a t e  

3G, Uni t  A ) ,  where t hey  become r i c h  i n  d e t r i t a l  charcoa l .  
I 

Radiocarbon a n a l y s i s  of t h i s  cha rcoa l  p rov ides  a d a t e  of 220 

+65 y r s  BP (Table 2, USGS 1 3 1 7 ) .  This  same silt d e p o s i t  - I 

becomes p r o g r e s s i v e l y  s a n d i e r  upstream, u l t i m a t e l y  grad ing  

i n t o  g r a v e l l y  sands  and sandy g r a v e l s  i n  t h e  lower reaches  of I 



t h e  t r u n k - s t r e a m  canyon a t  t h e  " F l i c k e r  c u t n  ( P l a t e  3 D ) .  

D e t r i t a l  c h a r c o a l  e x t r a c t e d  from t h i s  canyon d e p o s i t  d a t e s  a t  

220 260 y r s  BP (Tab le  2, USGS 1 3 2 0 ) .  

. The dated s a n d s  and  g r a v e l s  (Uni t  30)  exposed i n  t h e  

" F l i c k e r  c u t "  are o v e r l a i n  by  t o p s e t  and f o r e s e t  g r a v e l s  t h a t  

compose a  conf ined-onse t  de l t a .  A f i l l - t e r r a c e  g raded  t o  

t h i s  a n c i l l a r y  delta c a n  be fo l lowed  hundreds of meters 

ups t ream.  A conf ined-onse t  d e l t a  l i k e w i s e  formed i n  t h e  

l o w e r  r e a c h e s  of t h e  Rush Creek canyon i n  Clover  Ranch t i m e ;  

a n  aer ia l  v i e w  of t h i s  f e a t u r e  i s  prov ided  on Pho to  6a; a 

s t r e a m c u t  t h r o u g h  t h e  d e p o s i t  ( t h e  "Upclover c u t " )  i s  

p i c t u r e d  on P h o t o  27a. 

of the Clover st& 

C o i n c i d i n g  i n  e l e v a t i o n  w i t h  t h e  conf ined-onset  d e l t a s  

on Rush and  Lee Vin ing  c r e e k s  i s  a conspicuous  geomorphic 

s t r a n d l i n e  t h a t  e n c i r c l e s  t h e  e n t i r e  l a k e .  It forms a b r o a d  

embankment on s h o r e l a n d s  w i t h  a g r a d i e n t  of less t h a n  abou t  

4 %  (e.g. a l o n g  Navy Beach) ,  and  a c l i f f  on s t e e p e r  s l o p e s  

(e.g. a l o n g  t h e  e a s t e r n  f l a n k  o f  Black P o i n t ,  on t h e  s t e e p  

d e p o s i t  of pumice e a s t  o f  t h e  Rush Creek d e l t a ,  and a g a i n s t  

t h e  e a r l y - s t a g e  s u b s i d i a r y  d e l t a s  t h a t  a b u t  t h e  f r o n t s  of t h e  

L a t e  P l e i s t o c e n e  d e l t a s  on Rush, M i l l ,  and  Lee Vin ing  

c r e e k s )  .I7 

~t many local i t ies  a long  t h e  s h o r e l a n d s  t h e  s t r a n d l i n e  



is accen tua t ed  by an abrupt  change i n  t h e  d e n s i t y  of t h e  

v e g e t a t i o n  cover,  as i l l u s t r a t e d  on Photo 13d. A t  s e v e r a l  

sites it is  marked by a d i s t i n c t  change i n  t h e  c o l o r  of  t h e  

s u b s t r a t e ,  from white ( o r  a t  l e a s t  ' h igh ly  r e f l e c t i v e )  above 

t h e  l i n e ,  t o  da rke r  below it; , f i e l d  i n spec t ion  r e v e a l s  t h a t  

t h e  c o l o r  change i s  due t'o t h e  removal o f  t h e  whi te  b l anke t  

of Mono Craters t e p h r a  from l ands  l y i n g  below t h e  Clover 

Ranch s t r a n d l i n e .  , -. 

The e l e v a t i o n  of t h e  s t r a n d l i n e  was measured a t  

approximately  two dozen p o i n t s  around t h e  l a k e  sho re  

( i n c l u d i n g  a t  t h e  confined-onset  d e l t a s  on Rush and Lee  

Vining C r e e k s ) .  It w a s  found t o  l i e  a t  between 6455 and 6458 
m 

feet,  t h e  d i sc repancy  be ing  due t o  t h e  i n a b i l i t y  t o  d e f i n e  

t h e  p r e c i s e  r e l a t i o n s h i p  between t h e  landform and t h e  c a u s a l  I 

s h o r e l i n e .  A t  one s i t e - - the  d i s ta l  margin of t h e  "block 

ava lanchen  t h a t  eminates  north-northwestward from Panum 

Crater (Photo 6a)-- th is  r e l a t i o n s h i p  i s  r e l a t i v e l y  

unambiguous. There t h e  s t r a n d l i n e  takes t h e  form of a 

shingle-s t rewn ab ra s ion  p l a t fo rm t h a t  t e rmina t e s  landward a t  

a steep c l i f f .  Both t h e  c l i f f l i n e  and t h e  landward margin of  

t h e  s h i n g l e  l a y e r  l i e  a t  6456 feet; t h a t  e l eva t ion ,  then,  is  - 
used t o  mark t h e  l e v e l  o f  t h e  Clover Ranch High Stand on t h e  

I 
l a k e  f l u c t u a t i o n  curve.  This  wave-notched b lock  avalanche i s  

of a d d i t i o n a l  i n t e r e s t  because it confirms t h a t  t h e  l a k e  h a s  
m 

been as h igh  as, bu t  no h igher  than ,  6456 f e e t  s i n c e  t h e  



block  avalanche was depos i t ed  dur ing  t h e  l a s t  Mono Craters 

e r u p t i o n  605 y e a r s  ago. 

Based on t h e  two radiocarbon d a t e s  desc r ibed  above t h e  

age o f  t h e  Clover Ranch High Stand i s  p l aced  a t  220 y r s  BP. * 

C a l i b r a t i o n  of t h i s  d a t e  i s  p rob lema t i ca l .  Due t o  t h e  

erratic n a t u r e  of  t h e  c a l i b r a t i o n  curve f o r  t h e  p a s t  300 

s i d e r e a l  years ,  a radiocarbon d a t e  of  220 f60 BP has  t h r e e  

p o s s i b l e  ca l ande r  equivalents :18 AD 1660 (+19), AD 1773 

(&30), and AD 1947 (+9) (S tu ive r  and Pearson, 1986) . The 

la tes t  of t h e s e  d a t e s  can be dismissed ou t  of  hand. A 

r ea sonab le  choice  between t h e  two o l d e r  p o s s i b i l i t i e s  can b e  

made based on dendrochronological  evidence:  t h e  150-year-old 

mountain mahogany t h a t  was k i l l e d  when t h e  l a k e  r o s e  t o  6422 

f e e t  i n  1914 (pg. 155) demonstrates t h a t  t h e  l a k e  s u r f a c e  

remained below 6422 f e e t  a f t e r  1763 AD, a f a c t  t h a t  i s  i n  

obvious  c o n f l i c t  wi th  any i n t e r p r e t a t i o n  t h a t  would have t h e  

l a k e  a t  6456 f e e t  i n  1773. A d a t e  of  1660 AD on t h e  Clover 

Ranch High Stand i s  t h u s  favored.  

It should  be  noted t h a t  a d a t e  of  1660 AD (-290 cal BP) 

on t h e  Clover Ranch High Stand, while a reasonable  

c a l i b r a t i o n  of t h e  a v a i l a b l e  radiocarbon ages,  is  of 

q u e s t i o n a b l e  accuracy.  Unlike most of t h e  l a te  Holocene . 
t r a n s g r e s s i o n s  and r eces s ions  of Mono. Lake, t h e  d a t e s  of 



I 

which c o r r e l a t e  w e l l  wi th  wetness i n d i c e s  de r ived  from t h e  

t r e e - r i n g  r eco rd  from nearby b r i s t l e c o n e  p i n e s  (Chapter 7 ) ,  I 

t h e  Clover Ranch High S tand  occurs  a t  a t i m e  when, according 
I 

t o  t h e  t r e e  r i n g s ,  Mono Lake should have been d e c l i n i n g .  It 

i s  s t r o n g l y  suspected,  based OD t h e  dendroc l imato log ica l  
I 

evidence,  t h a t  Mono Lake reached  t h e  Clover Ranch High Stand 

s h o r t l y  a f te r  AD 1600, r a t h e r  t han  around 1660. The I 

prev ious ly  mention stumps' on Lee Vining and Rush c reeks ,  

r o o t e d  i n  t h e  post-400 BP A-horizon and b u r i e d  i n  Clover I 

Ranch-age silts, have been c o l l e c t e d  f o r  radiocarbon 

a n a l y s i s ,  and should h e l p  t o  r e s o l v e  t h i s  apparen t  

i ncons i s t ency .  For t h e  p r e s e n t ,  t h e  Clover Ranch High Stand I 

i s  assumed t o  have occur red  i n  AD 1660(? ) .  

The o r i g i n a l  lakeward e x t e n t  of t h e  Generation-1 dunes 

(pg. 226) on t h e  no r th  sho re  of Mono Lake, and t h e  degree  t o  

which t h e  G-1 dune f i e ld  w a s  modified by t h e  Pos t  O f f i c e  and 

Danberg Beach t r a n s g r e s s i o n s ,  a r e  unknown. One may surmise  

t h a t  any G-1 dunes t h a t  s tood  a t  e l e v a t i o n s  as l o w  as 6430-34 

. feet w e r e  o b l i t e r a t e d  by t h e s e  rises i n  l a k e  l e v e l ,  and I 

fur thermore,  t h a t  t h e  t r a n s g r e s s i o n s  dumped t h e  reworked sand 
I 

a t  t h e i r  r e s p e c t i v e  h ighes t  s t r a n d l i n e s ,  forming new 

c o n c e n t r a t i o n s  of d ~ n e s .  m a t e v e r  t h e  con f igu ra t ion  of t h e  m 

d u n e f i e l d  a t  t h e  beginning of Clover Ranch t i m e ,  it was 



g r e a t l y  a l t e r e d  when t h e  l ake  margin advanced a c r o s s  it i n  

t h e  course  of t h e  r i s e  t o  6456 f e e t .  Reworked dune sand, a s  

wel l  as d e f l a t a b l e  d r i f t  d e l i v e r e d  t o  t h e  n o r t h  shore  by 

l i t t o r a l  c u r r e n t s  dur ing  t h e  course  of t h e  Clover Ranch 

Transgress ion,  was shunted landward by wind and waves. The 

supply of sand cont inued a s  t h e  l a k e  receeded from t h e  high 
- 

s t a n d .  Today, a complex of bulky h a i r p i n  dunes eminates 

landward from t h e  Clover Ranch s t r a n d l i n e  a t  6456 f e e t  

(Photos 21a and b ) .  These largely-unvegeta ted accumulations 

o f  sand, he re  c a l l e d  t h e  Generation-2 dunes, have overr idden,  

and cont inue  t o  ove r r ide ,  t h e  much sma l l e r  l u n e t t e s  of  

Generation-1. The l a r g e s t  of t h e  G-2 dunes today covers  t h e  

now-abandoned Bodie-Benton r a i l r o a d  bed, i n d i c a t i n g  t h a t  

s i n c e  t h e  t ime of t h e  r a i l  cons t ruc t ion  i n  1881 t h e  dune has  

advanced a minimum of 115 meters (Photo 21c ) .  

During t h e  c e n t u r i e s  t h a t  fol lowed t h e  Clover Ranch High 

Stand Mono Lake would d e c l i n e  approximately 60 f e e t  t o  i t s  

"Pre-His tor ic  Low Standw,  t hen  r i s e  s l i g h t l y  t o  l i e  a t  6407 

(+I) f e e t  when Alex is  von Schmidt en t e red  t h e  Mono Basin i n  

t h e  mid-1850s. 



290 cal BP to AD 1857--The Pre-Historic Recession and Low Stand 

Shor t ly  a f t e r  290 (? )  c a l  BP, Mono Lake began t o  dec l ine ,  

reaching a low s t a n d  (here c a l l e d  t h e  Pre-Historic Low Stand) I 

a t  an e l eva t ion  of  approximately 6396 f e e t .  Pronounced 
I 

l i t t o r a l  embankments ly ing  below t h e  Clover Ranch High Stand 

a t  e l e v a t i o n s  of 6447, 6438, and 6431 f e e t  (Photos 6a and 
,'. 

13d) provide evidence t h a t - t h e  lake  l ingered  a t ,  o r  

reoccupied, t h e s e  l e v e l s  in .  t h e  course of t h e  recess ion .  m 

of the Pre - Historir: J n w  S t a n d  

Sediments deposi ted during and immediately following 

Clover Ranch time a r e  capped with a s o i l  ( the  "post-290 c a l  

BP A-horizon") t h a t  can be seen on Meander cu t  ( P l a t e  3B), 

Double-berm cu t  ( P l a t e  3G), Upmill cu t  ( P l a t e  4 C ) ,  Downclover 

c u t  ( P l a t e  Z C ) ,  Hair  c u t  ( P l a t e  4 A ) ,  and Stump c u t  ( P l a t e  m 

3 A ) .  This s o i l  cannot be found a t  e l eva t ions  below 6423 
I 

f e e t .  As t h e  l ake  i s  known from h i s t o r i c  records (Chapter 1) 

t o  have dec l ined  t o  a t  l e a s t  6404 f e e t  during t h e  c e n t u r i e s  
I 

following t h e  Clover Ranch High Stand, t h e  post-290 c a l  BP 

A-horizon provides no b a s i s  f o r  determining t h e  e l eva t ion  of 

t h e  pre-Histor ic  Low Stand. 

The approximate l e v e l  of t h a t  low s tand can be i n f e r r e d  

from sediments exposed i n  d e l t a  t renches and shoreland p i t s .  



A t  t h e  10-Mile Road and Navy Beach p i t s  (P la tes  5B and D), a s  

wel l  a s  i n  Marina P i t  1 (P la te  5E), sand d id  not reach 6380 

f e e t  i n  Pre-Histor ic  time; t h e  lake  sur face  must t h e r e f o r e  

have remained above an e levat ion  of 6385 f e e t .  Lates t  

p r e - h i s t o r i c  sediments exposed i n  shallow p i t s  excavated a t  

s l i g h t l y  h igher  e levat ion$ on t h e  shorelands l ikewise lack 

l i t t o r a l  depos i t s ,  suggesting t h a t  t h e  lake  sur face  during 

t h a t  t ime remained above an e levat ion  of approximately 6392 

f e e t .  

A stratum of l i t t o r a l  sand, corrugated with o s c i l l a t i o n  

r i p p l e s  on i t s  surface,  reached an e levat ion  of 6393 f e e t  i n  

t h e  South Tufa P i t  (P la te  5C) during Pre-Historic time, 

i n d i c a t i n g  t h a t  t h e  lake  r e t r e a t e d  t o  o r  below 6398 f e e t ;  

t h e  lack  of des icca t ion  i n  t h e  underlying c lays  a t  t h i s  s i t e  

sugges ts  t h a t  t h e  lake remained above 6393 f e e t .  A s  a f i r s t  

approximation, t h e  low stand might be placed midway between 

t h e s e  two elevat ions-- that  i s ,  a t  6395.5 f e e t .  

Along t h e  e a s t  wall  of t h e  d e l t a  t rench on M i l l  Creek 

s t ream grave l s  associa ted  with t h e  Pre-Historic Recession 

grade i n t o  pea-gravels and l i t t o r a l  sands a t  an e l eva t ion  of 

6396 f e e t .  This e levat ion,  then, i s  taken t o  be t h e  

approximate l e v e l  t o  which Mono Lake decl ined i n  Pre-Historic 

t ime.  

The p r e c i s e  timing of t h e  Pre-Historic Recession and Low 

Stand i s  not  known. Huntington's 150-year-old mountain 



mahogany, k i l l e d  by t h e  l a k e  rise i n  1914, i n d i c a t e s  t h a t  t h e  

l a k e  s u r f a c e  was below an e l e v a t i o n  of  6422 f e e t  by AD 1764. - 
Sometime b e f o r e  t h e  mid-1850s t h e  l a k e  reached its - 
Pre -Hi s to r i c  Low Stand, and by 1857 had r i s e n  t o  an e l e v a t i o n  

of  6407 21 f e e t  (Chapter 1 1 ,  a l e v e l  t h a t  can be determined 

from t h e  p l a t s  and n o t e s  of  Colonel Alex is  Waldemer von 

Schmidt. 



Stratigraphy of the Historic Transgression and High Stand 

From i ts  l e v e l  i n  1857 Mono Lake l a k e  rose ,  reaching i t s  

H i s t o r i c  High Stand of 6428 f e e t  i n  1919. Deposi ts  

a s s o c i a t e d  wi th  t h i s  r i s e  t a k e  t h e  form of l i t t o r a l  sands  and 

b iogen ic  ooze i n  t h e  shoreland p i t s ;  i n  t h e  d e l t a  t r e n c h e s  

on Rush, M i l l ,  and Lee Vining Creeks l i t t o r a l  sands  and 

g rave l s ,  and l a c u s t r i n e  sil ts,  can be seen t o  o v e r l i e  t h e  

"post-290(?) c a l  BP A-horizon". A l i t t o r a l  embankment marks 

t h e  H i s t o r i c  High Stand around much of t h e  l a k e  margin. I t  

can be seen i n  c r o s s  s e c t i o n  on t h e  ~ e e  Vining "Meander c u t u  

( P l a t e  3B) and on t h e  M i l l  Creek "Berm cu taa  (Plate 4B). 

This  most r ecen t  l a k e  t r ansg re s s ion ,  and t h e  subsequent 

r eces s ion ,  i n s t i g a t e d  t h e  depos i t i on  of a t h i r d  genera t ion  of 

dunes n o r t h  of Mono Lake. The G-3 dunes are i l l u s t r a t e d  on 

Photo 21d. 

The d e c l i n e  i n  l a k e  l e v e l  t h a t  began i n  1919 AD is  

desc r ibed  i n  Chapter  1. The receding s h o r e l i n e  spread  

l i t t o r a l  sediment over t h e  silts and c l a y s  of t h e  H i s t o r i c  

High Stand.  An i n c i p i e n t  A-horizon i s  p r e s e n t l y  forming on 

vege ta t ed  p o r t i o n s  of t h e  newly exposed shore lands  ( s e e  

p l a t e s  2-4) ;  elsewhere a  s a l t  c r u s t  has  formed on t h e  

r e l i c t e d  l a n d s .  



FOOTNOTES 

1 By t h e  e a r l y  1940 's  Matthes (1941) had provided evidence 
t h a t  t h e  g l a c i e r s  d i d  indeed d i sappear  from t h e  S i e r r a  Nevada 
a t  some t ime  du r ing  t h e  Holocene; h i s  c o r r e l a t i o n  of t h i s  m 

event  wi th  t h e  A l t i t h e r m a l  i n t e r v a l ,  however, remained pure  
c o n j e c t u r e .  It  can now be shown t h a t  t h e  ep isode  of g l a c i e r  
e x t i n c t i o n  f o r  which he  provided evidence a c t u a l l y  occurred I 

d u r i n g  l'Medithermalll t i m e .  See Footnote 4 below. 

2 G . I .  Smith (1983) de r ived  shor t - term sedimentat ion rates at '  
S e a r l e s  Lake t h a t  range from approximately 10 c m  t o  53 c m  p e r  
1000 yea r s .  H i s  l aove ra l l  sedimentat ion r a t e w  (extending over  
t h e  p a s t  >3 mi l ion  y e a r s )  o f  about 22 c m  p e r  1000 y e a r s  i s  
c l o s e  t o  t h e  rate of 26 c m  p e r  1000 y e a r s  c a l c u l a t e d  f o r  t h e  
l a t t e r  h a l f  o f  t h e  Holocene a t  Great S a l t  Lake by McKenzie 
and E b e r l i  (1985) .  She l ton  (1966) r e p o r t s  a sedimentat ion 
r a t e  a t  t h e  Black Sea of  50,cm p e r  1000 years ,  a f i g u r e  
comparable t o  t h e  deep-lake r a t e  de r ived  from a l i m i t e d  
number o f  exposures  a t  l a t e  Holocene Mono Lake by t h i s  
w r i t e r .  Mark Newton of Un ive r s i t y  of Southern C a l i f o r n i a  
(pe r sona l  communication, 2/2/87) r e p o r t s  t h a t  he  counts  1 3  
laminae p e r  c m  i n  early Holocene sediments from Mono Lake; 
i f  t h e s e  l amina t ions  are varves ,  as suspected,  t h i s  y i e l d s  an 
accumulat ion r a t e  o f  aound 77 crn p e r  thousand yea r s .  These 
sed imenta t ion  rates range from approximately 1/40 t o  1/135 
t h e  r a t e  r e p o r t e d  by Matthes f o r  Owens Lake. 

3 A c o r e  from Owens Lake logged by Smith and P r a t t  (1957) 
shows t h e  s t r a t i g r a p h y  t o  be cons iderab ly  more complex than  
d e s c r i b e d  by Matthes.  The c o r e  i nc ludes  a t e p h r a  l a y e r  a t  a 
dep th  o f  approximately  767 f e e t ,  which Andrei Sarna-Wajcicki 
( p e r s .  commun. t o  G . I .  Smith, October, 1986) r e p o r t s  is 
"probablya1 t h e  Lava Creek member of t h e  .62 mill ion-year-old 
P e r l e t t e  a s h  ( G . I .  Smith, p e r s .  comm., 10/2/86) .  
Sarna-Wojcicki ( p e r s .  commun. t o  G . I .  Smith, October, 1986) 
f u r t h e r  r e p o r t s  what appear  t o  be  sha rds  of t h e  Bishop a sh  
(1.714 m i l l i o n  y e a r s )  at a depth  of 858 f e e t .  This  sugges t s  
t h a t  t h e  s e c t i o n  desc r ibed  by Matthes i s  roughly two o r d e r s  
of magnitude o l d e r  t han  h i s  e s t i m a t e  of 7000 yea r s .  

4 Mat thes  observed t h a t  t h e  moraines a s s o c i a t e d  wi th  t h e  most 
r e c e n t  Holocene g l a c i a t i o n  i n  t h e  S i e r r a  Nevada (now 
d e s i g n a t e d  t h e  Matthes g l a c i a t i o n  by Birman, 1964; s e e  a l s o  
Curry, 1969) o v e r l i e  t a l u s  t h a t  could have accumulated only  
d u r i n g  a p e r i o d  of  g l a c i e r  e x t i n c t i o n .  H e  took t h i s  t o  be 
ev idence  of Antevs'  repu ted  Al t i t he rma l  i n t e r v a l .  Matthes 
was unaware of  an e a r l i e r  and more ex t ens ive  late-Holocene 
g l a c i a t i o n  ( t h e  I1Recess Peak" g l a c i a t i o n  of Birrnan, op c i t e ,  



p. 7 4 ) ,  t h e  moraines of which l i e  some dis tance  ( t y p i c a l l y  
1-2 k m )  down-canyon from t h e  Matthes moraines. Applying 
Matthes' reasoning t o  present-day understanding of t h e  
Holocene g l a c i a l  depos i t s ,  it must be concluded t h a t  t h e  
Matthes and Recess Peak g l a c i a t i o n s  were separated by a  
per iod of deg lac ia t ion .  

5 In t h i s  regard it i s  i n t e r e s t i n g  t o  note t h a t ,  based i n  
p a r t  on an a n a l y s i s  of sunspot records,  W i l l e t t  (1977) 
suggests  t h a t  Great S a l t  Lake desiccated during t h e  14th  
century AD. 

6 The Pelagos bathymetric survey picked up a subdued, 
discontinuous t e r r a c e - l i k e  f e a t u r e  i n  a  few places  around t h e  
lake  a t  an e l eva t ion  of 6363 feet--5 f e e t  below t h e  e l eva t ion  
of t h e  Schol l  t e r r a c e .  'No'information was found i n  t h e  
course of t h e  present  study t h a t  could be used t o  shed l i g h t  
on t h e  o r i g i n  of t h i s  t e r r a c e - l i k e  f ea tu re .  It is  worth 
poin t ing  out ,  however, t h a t  i f  t h i s  f e a t u r e  i s  an abrasion 
platform ( a s  opposed, say, t o  an accumulation of  sediment 
deposi ted a t  t h e  foot  of t h e  Schol l  t e r r a c e  a t  t h e  t ime t h e  
t e r r a c e  was c u t ) ,  it has t o  have been produced by a drop (and 
subsequent r i s e )  i n  lake  l e v e l  t h a t  occurred during e i t h e r  
e a r l y  o r  middle Holocene time. Furthermore, it should be 
noted t h a t  because of t h e  changes i n  t h e  stage/volume, 
s t a g e / s a l i n i t y ,  and volume/salinity r e l a t ionsh ips  t h a t  have 
occurred s i n c e  e a r l y  and middle Holocene time, t h e  c l ima t i c  
condi t ions t h a t  would have been required t o  fo rce  t h e  l e v e l  
of Mono Lake t o  6363 f e e t  i n  mid-Holocene time a r e  v i r t u a l l y  
i d e n t i c a l  t o  t h e  condi t ions required t o  fo rce  t h e  l ake  t o  
6368 f e e t  i n  l a t e  Holocene time. Thus, even i f  t h e  
t e r r a c e - l i k e  f e a t u r e  i s  indeed a  product of an e a r l y  o r  
mid-Holocene drop i n  l ake  l e v e l  t o  6363 f e e t ,  it is an 
ind ica t ion  of c l ima t i c  condi t ions no more x e r i c  than those  
which occurred f o r  a t  l e a s t  two centuries-long per iods  during 
t h e  l a t e  Holocene. 

7 On t h e  o t h e r  hand, t h e  higher values were measured i n  t h e  
a rea  e a s t  (on t h e  upthrown s i d e )  of t h e  Simon's Springs Faul t  
(Appendix Dl, and may indeed be higher due t o  t e c t o n i c  
displacement. 

0 ~pprox imate ly  1/2 k m  west of t h e  119th p a r a l l e l  on t h e  
l a k e ' s  northern shore Artemisia dominates above 6499 f e e t  
while m v s o t h a m n u s  i s  t h e  dominant shrub spec ies  on lands 
lakeward of t h a t  e levat ion;  near t h e  cen te r  of t h e  Dechambeau 
Ranch Embayment, an A r t  e m i / i / / P u v s o t ~  brushland 
above 6499 f e e t  gives  way t o  a  s tand  of mvsotlamnus below, 
while approximately 1 1 2  km f a r t h e r  north t h e  lands above t h e  



s t r a n d l i n e  a r e  marked by a pauc i ty  of Elvmus while  
t h o s e  immediately below support  an abundance of  t h a t  g ra s s ;  
a t  s e v e r a l  sites between Warm Spr ings  and Simon's Spr ings  a 
SarcPhatus brushland below 6499 f e e t  changes a b r u p t l y  t o  an 
Ar temis ia  b rush land  above t h a t  e l e v a t i o n .  

9 Organic d e t r i t u s  from t h i s  mat was c o l l e c t e d ,  b u t  has  no t  
been da ted .  

10 The on ly  other known sou rceso f  b i o t i t e - b e a r i n g  d a c i t e  - I 

pumice i n  t h e  Mono Bas in . i s  l o c a t e d  on Twain I s l e t .  XRF 
a n a l y s i s  i n d i c a t e s  t h a t  t h e  chemical  composition of  t h e  Twain 
pumice d i f f e r s  cons iderab ly  from t h a t  of  Java and t h e  
sho re l and  b locks .  See XRF ana lyses ,  F igu re  19. I 

' *. 

11 Submerged p o r t i o n s  of  t h e  S c h o l l  Ter race  i n  t h e  v i c i n i t y  of 
t h e  a n c i e n t  woodlands were searched  f o r  s t i l l  lower roo ted  I 

specimens us ing  sno rke l  and mask; d e s p i t e  e x c e l l e n t  
v i s i b i l i t y ,  no roo ted  p l a n t  remains could be  found below 6373 
feet .  

12 The s o i l  over  which t h e  l a k e  t r a n s g r e s s e d  i n  Pos t  O f f i c e  
Creek t ime v a r i e s  markedly i n  i t s  development from one s i t e  
t o  t h e  next ,  no t  only  because of  s u b s t r a t e  d i f f e r e n c e s  
( ranging  from coa r se  cobble  g r a v e l  i l l - s u i t e d  t o  vege ta t i on  
c o l o n i z a t i o n  and s o i l  formation,  t o  sands and silts r e a d i l y  
co lon ized  and quick t o  accumulate o rgan ic  d e t r i t u s ) ,  b u t  
because of d i f f e r e n t  exposure t imes .  Thus, l ands  l y i n g  below 
6404 f e e t  were inundated by a r i s e  i n  l a k e  l e v e l  around 1370 
cal  BP ( t h e  M i l l  Creek-East Transgress ion and High Stand)  
and, by Pos t  O f f i c e  Creek t i m e ,  had been exposed f o r  on ly  
f o u r  c e n t u r i e s  o r  less; t h e  A-horizon below 6404, t h e r e f o r e ,  
t y p i c a l l y  c o n s i s t s  of a t h i n  (<4 c m ) ,  d i scont inuous  darkening 
of t h e  s u b s t r a t e  t h a t  may be capped with  a t h i n  and 
d i scon t inuous  A. hor izon.  Lands l y i n g  above 6404 f e e t ,  on 
t h e  o t h e r  hand, had been exposed f o r  a millennium o r  more 
when t h e y  were inundated i n  Pos t  Of f i ce  Creek t i m e .  A t  t h e s e  
h i g h e r  e l e v a t i o n s  t h e  s o i l  is  r e l a t i v e l y  t h i c k  ( t o  60 c m ) ,  
da rk  brown t o  b lack ,  and continuous over  long d i s t a n c e s .  See 
photos  28, 30, and 31. 

13 I a m  no t  e n t i r e l y  s a t i s f i e d  wi th  t h i s  conclusion.  The 
exposures  a long  Lee Vining Creek provide c l e a r  evidence t h a t  
t h e  l a k e  reached a t  l e a s t  6422 f e e t  dur ing  Pos t  O f f i c e  Creek 
t ime .  Evidence from t h e  M i l l  Creek "Upmill-cutn sugges t ing  a 
h igh  s t a n d  e l e v a t i o n  of 6430 f e e t ,  however, i s  equivoca l .  
The sands  and g r a v e l s  (Unit G) t h a t  l i e  between t h e  two 
uppermost Mono C r a t e r s  ashes  may i n  f a c t  be f l u v i a l  
(depos i t ed  by M i l l  Creek a s  t h e  s t ream agraded i n  response t o  



t h e  r i s e  i n  l a k e  l e v e l )  r a t h e r  than  l i t t o r a l ,  a s  t e n t a t i v e l y  
concluded h e r e .  Fu r the r  susp ic ion  i s  c a s t  by t h e  apparen t  
absence of  Post-Office Creek-age l i t t o r a l  sediments a t  
e l e v a t i o n  6427-28 f e e t  i n  t h e  Lee Vining Creek "Double-berm 
c u t n  ( P l a t e  3G). It may be, t h e r e f o r e ,  t h a t  t h e  Post  Of f i ce  
Creek High Stand l i e s  between e l e v a t i o n s  of  6422 f e e t  ( t h e  
e l e v a t i o n  o f  Unit E i n . t h e  L e e  Vining "Meander-cutw), and 
6427 f e e t  ( t h e  e l e v a t i o n  of t h e  post-2000 BP A-horizon a t  t h e  
Lee Vining "Double-berm c u t " ) ,  r a t h e r  t han  a t  6430 f e e t .  

l4 The radiocarbon d a t e s  from two o t h e r  stumps y i e l d  ages  of . 
603 k63 cal BP (USGS 1315:'=600 270 y r s  BP) and 613 L58 c a l  BP 
( U S G S  1167 -640 260 y r s  B P ) .  Because of  t h e  h igh  s t anda rd  
d e v i a t i o n s  a s s o c i a t e d  wi th  t h e s e  da t e s ,  t h e  t r e e s  could 
conceivably have been k i l l e d  dur ing  t h e  t r a n s g r e s i o n  of -680 
c a l  BP; it seems more l i k e l y ,  however, t h a t  t h e y  d i e d  dur ing  
t h e  subsequent t ransgres ' s ion  ( t h e  Danberg Beach Transgress ion 
of  -550 c a l  BP) . 
15 Based on h i s  i sopach a n a l y s i s  of t h e  t e p h r a  of 605 cal BP, 
P r o f e s s o r  Kerry S i eh  i n d i c a t e s  t h a t  t h e  average t h i c k n e s s  o f  
e j e c t a  over  Mono Lake i s  approximately one f o o t .  I t  i s  t h u s  
l i k e l y  t h a t  t h e  depos i t i on  of t h e  Mono C r a t e r s  t e p h r a  forced  
a r ise  i n  l a k e  l e v e l  of approximately one foo t ,  and t h a t  t h e  
l a k e  s t o o d  a t  roughly 6405 ' f e e t  at the . . t ime t h e  e r u p t i v e  
sequence commenced. 

1 6  I t  appears  t h a t  depos i t i on  of t h e  l i t t o r a l  sands of Unit  F 
on Milldown-cut may have been i n t e r r u p t e d  b r i e f l y  by a minor 
d e c l i n e  i n  l a k e  l e v e l ;  t h i s  i n t e r u p t i o n  is  suggested by t h e  
p re sence  of  a weak and d i scont inuaus  humic hor izon roughly 
midway through t h e  sand u n i t .  

17 A 2-km s t r e t c h  of Highway 395 a long t h e  shore  of  t h e  
Western Embayment co inc ides  i n  e l e v a t i o n  wi th  t h i s  
s t r a n d l i n e ,  sugges t ing  t h a t  eng ineers  may,have e x p l o i t e d  a 
wave-cut no tch  i n  cons t ruc t ing  t h e  roadbed. 

lB These t h r e e  s i d e r e a l  equ iva l en t s  a r e  der ived  us ing  2 one 
s t a n d a r d  d e v i a t i o n  from t h e  radiocarbon d a t e .  



CHAPTER 4 

THE MONO CUTS AND PITS: LATE HOLOCENE STRATIGRAPHY 

IN THE CONTEXT OF THE LAKE FLUCTUATION CURVE 

,?. 

The purpose of t h e  previous chapter  was t o  e s t a b l i s h  

t h e  l a t e  Holocene f l u c t u a t i o n  curve f o r  Mono Lake. This was 

accomplished by picking and choosing from d i f f e r e n t  

s t r a t i g r a p h i c  sec t ions  t h e  sedimentary sequences t h a t  most 

c l e a r l y  i l l u s t r a t e  t h e  l a t e  Holocene t r ansgress ions  and 

recess ions  of t h e  lake .  In  t h e  process  many of t h e  sec t ions  

i l l u s t r a t e d  on P l a t e s  2-5 were adequately descr ibed (e.g.  t h e  

Lee Vining Stump cut ,  Terrace cut ,  and F l i c k e r  cu t ;  t h e  M i l l  

Creek Berm cut ;  and t h e  p i t s  a t  10-Mile road, Navy Beach, and 

t h e  County Marina).  Several  of t h e  o the r  sec t ions ,  however, 

were e i t h e r  described only i n  small  p a r t ,  or  have ye t  t o  be 

mentioned. In  what follows, t h e  s t r a t i g r a p h y  and 

geomorphology of each of t h e  sec t ions  i l l u s t r a t e d  on P l a t e s  2 

through 5 t h a t  has  not been s c r u t i n i z e d  i n  t h e  preceeding 

pages i s  discussed i n  t h e  context of t h e  l a t e  Holocene lake  

h i s t o r y .  Following t h i s  discussion t h e  reader  is l e f t  t o  

check each of t h e  s t r a t i g r a p h i c  sec t ions  i l l u s t r a t e d  on ' 



P l a t e s  2-5 aga ins t  t h e  lake l e v e l  curve provided on Figure 

1 6 .  

e 7 ~ :  w ~ o w l o v e r  c u t w .  The Rush Creek Downclover 

c u t  ( P l a t e  2 C  and Photo 27b) l i e s  aproximately 70 meters 

downstream from t h e  County Road crossing a t  Clover Ranch. A 

t h i c k  depos i t  of unsorted, -angular  pyroclas ts  from t h e  Mono 

Cra te r s  e rupt ion  of 605 cal .BP makes up t h e  basa l  u n i t  (Unit 

D )  of t h e  sec t ion .  The absence of stream gravels  low i n  t h e  

cu t  (indeed, t h e i r  absence low i n  sec t ions  exposed a l l  along 

t h e  p resen t  coarse of lower Rush Creek), i n d i c a t e s  t h a t  a t  

t h e  t ime of t h e  erupt ion  t h e  bed of t h e  stream l a y  some 

d i s t ance  from t h e  Downclover s i t e .  The presence of t h e  

aforementioned r e l i c t  t rench  and subs id iary  d e l t a  (pg. 268),  

and t h e  lack of d e l t a i c  depos i t s  t o  t h e  e a s t  of t h e  

present-day stream, s t rongly  suggest t h a t  a t  t h e  time of t h e  

erupt ion  Rush Creek followed a course severa l  hundred meters 

t o  t h e  west of i t s  present  pos i t ion .  

The 605 c a l  BP e rupt ion  of t h e  Mono Cra ters  centered on 

t h e  northern end of t h e  chain, a t  s h o r t e s t  d is tance  l e s s  than  

2 km from Rush Creek. The event wreaked havoc on t h e  lower , 

reaches of t h e  drainage: pyroc las t i c  flows eminating from 

t h e  s i t e  of Panum Dome temporarily dammed t h e  stream; t h e  

formerly p e l l u c i d  waters became choked with coarse and f i n e  



pumiceous sediment; t h e  creek f i l l e d  i t s  d e l t a  t r ench  w i t h  

py roc las t s ,  then overflowed along a new path  t o  t h e  l a k e  

shore.  

That new path  l a y  across  t h e  Downclover s i t e .  I n  two 

phases of  shallow inc i s ion ,  Rugh Creek c u t  gravel-veneered 

s t r a t h s  i n t o  t h e  newly deposi ted p y r o c l a s t i c  flow (Unit D )  . 

The e a r l i e s t  g rave l  u n i t  (Unit Ci) i s  composed almost 
I . .  

.. - 
e n t i r e l y  of reworked e j e c t a ,  and d a t e s  from a t ime when t h e  

creek was s t i l l  clogged with volcanic  sediment. A s l i g h t l y  

younger i n s e t  depos i t  of l a g  g rave l s  (Unit Cli) i s  made up 

mainly of S ie r ran  c l a s t s .  I t  was deposi ted a f t e r  t h e  stream 

had c l e a r e d  a course through t h e  f r e s h  e j e c t a ,  and had 

resumed ca r ry ing  a load more l i k e  t h a t  of t h e  pre-eruption 

per iod .  These t e r r a c e  gravels  of Unit C mark t h e  f i r s t  t ime 

i n  a t  l e a s t  s e v e r a l  thousand years  t h a t  Rush Creek assumed a 

course t h i s  f a r  e a s t .  

The Rush Creek Transgression, which peaked s h o r t l y  

a f t e r  t h e  Mono Cra te r s  e rupt ion  of 605 c a l  BP, reached an 

e l e v a t i o n  of only 6409 f e e t ,  and t h e r e f o r e  i s  not  represented 
. . 

. by d e p o s i t s  on t h e  Downclover cu t  (basa l  e l eva t ion  = 6415 I.I 

f e e t ) .  Nor can d i r e c t  evidence of t h e  subsequent 10-Mile 
1 

Road Recession be seen here, though t h e  depth t o  which t h e  

s t ream i n c i s e d  Unit D during t h i s  time was l i k e l y  con t ro l l ed  
I 

by t h e  l e v e l  of t h e  low s tand.  



The Danberg Beach Transgression brought t h e  lake t o  t h e  

e l e v a t i o n  of t h e  Downclover s i t e ,  r e s u l t i n g  i n  t h e  deposi t ion 

of more than  a meter of laminated s i l t  (Unit B i )  on t h e  l a g  

g r a v e l s  of Unit C .  The s i l ts  of Unit Bi grade upstream i n t o  

beach g r a v e l s  (Unit Eli) a t  an e l eva t ion  of 6434 feet--the 

h ighes t  e l e v a t i o n  a t  which depos i t s  associa ted  with t h e  

Danberg Beach Transgres,sian can be found. 

Subsequent r e t r e a t  o f . t h e  lake during Navy Beach time 

exposed t h e  si l ts  of Unit Bi. Vegetation colonized t h e  newly 

emergent sur face ,  leading t o  t h e  development of an A-horizon 

( t h e  "post-400 BP A-horizon"). This s o i l ,  and t h e  vegetat ion 

rooted  i n  it ,  were drowned during Clover Ranch time, a s  t h e  

l ake  r o s e  t o  and beyond t h e  Downclover s i t e .  Clover 

Ranch-age s i l t s  (Unit A ) ,  r i pp led  by waves, cover t h e  

post-400 BP A-horizon and i t s  associa ted  stumps t o  a depth of 

over 1.'5 m. 

With t h e  recession of t h e  lake  i n  Pre-Historic time 

s o i l  formation again commenced. The H i s t o r i c  Transgression 

peaked a t  6428 f e e t ,  shor t  of t h e  Downclover s i t e ;  ' 

development of t h e  "post-290 c a l  BP A-horizon" thus  continues 

today.  

te 38: T h e  " T o p l e d  t ~ f h  cut. This simple sec t ion  

appears  a long t h e  western wall  of t h e  ~ u s h  Creek d e l t a  . 



.. 
trench, roughly 400 m downstream from the road crossing at 

Clover Ranch. Here the same pyroclastic flow deposit (Unit m 

F) that makes up the basal unit of the Downclover cut 
a 

overlies well-sorted beach sands (Unit G )  assumed to be from 

the Rush Delta Transgression. 
cL 

Any depositional or pedogenic record that formed on the 

surface of this pyroclastic deposit during Rush Delta and 1 
,*. 

10-Mile Road time was removed by littoral planation as the 

lake rose in Danberg Beach time. The upper surface of the I) 

pyroclastic deposit constitutes a featureless abrasion 

platform that slopes gently lakeward. 

This planer surface is overlain by laminated silts and 
L 

clayey silts (Unit E) of the Danberg Beach Transgression and 

High Stand. Stream gravels (Unit D) from the subsequent I 

recession (the Navy Beach Recession) overlie and partially 

truncate these Danberg Beach-age silts. This sedimentary 

sequence is repeated in Units C and B, where the silts and 

clayey silts of the Clover Ranch Transgression and High Stand 

are overlain and partially truncated by the fluvial gravels 'P 

of the Pre-Historic Recession. A discontinuous soi3 (the 

post-290 cal BP A-horizon) that formed during this recession A 

is preserved under thoroughly bioturbated and 
D 

rhizome-impregnated sands and gravels of the Historic 

Transgression and High Stand and the modern recession. I 



e 3 :  S U - l  

J @ e  v i n i n a t a  T r e m  

t- 3 B ;  llMeander cut". The s e c t i o n  a t  Meander c u t  

was f i r s t  exposed i n  Mgy of 1983. It i s  composed of bo th  

"ac t ive"  and "pass ive"  d e l t a i c  d e p o s i t s ,  and r e p r e s e n t s  one 

of t h e  most i n s t r u c t i v e  of a l l  t h e  s t r a t i g r a p h i c  s e c t i o n s  o n -  

t h e  Mono shore lands .  Among t h e  many f e a t u r e s  of i n t e r e s t  a r e  

f i v e  bu r i ed  A-horizons. .The s e c t i o n  i s  p i c t u r e d  on Photo 28. 

The b a s a l  u n i t  (Unit F) of  coa r se  and f i n e  a l luvium 

composes a  t h i c k  (>60 c m )  dark brown s o i l  t h a t  formed dur ing  

t h e  millennium-long post-Dechambeau Ranch t ime when t h e  l a k e  

remained below t h e  e l e v a t i o n  of t h e  Meander s i t e .  While t h i s  

u n i t  i s  thoroughly b io tu rba t ed ,  smal l  pocke ts  of  t h e  Mono 

C r a t e r s  a sh  of 1 2 4 5  c a l  BP can be found l o c a l l y .  

Over lying t h i s  s o i l  are s i l ts ,  sands, and g r a v e l s  (Unit 

E) a s s o c i a t e d  wi th  t h e  Pos t  Of f i ce  Transgress ion and t h e  

subsequent (Simis Ranch) r eces s ion .  Over most of t h e  

exposure Unit  E beg ins  as a  d e p o s i t  of laminated s i l t  (Unit 

Ell) t h a t  i n  some p l a c e s  coarsens  upward i n t o ,  and elsewhere 

i s  t r u n c a t e d  by, l i t t o r a l  sands and g r a v e l s  (Unit EL,). A 

t h i n  A-horizon ( t h e  post-866 c a l  BP A-horizon) t h a t  

r e p r e s e n t s  a  pe r iod  of  s t a b i l i t y  dur ing  Simis Ranch t ime  caps  

Unit  E i n  t h e  middle reaches  of t h e  exposure; it has  been 

removed by s t ream e ros ion  a t  t h e  c u t ' s  upstream end, and by 



l i t t o r a l  p lana t ion  a t  t h e  downstream end. The Mono Cra te r s  
w 

tephra  of 605 c a l  BP (Unit D )  mantles t h e  post-866 c a l  BP 

s o i l ,  and i s  i t s e l f  capped by a t h i n  A-horizon ( the  "post-605 

c a l  BP A-horizon"). 

Overlying t h e  Mono Cra te r s  ash of 605 c a l  BP a t  t h e  a 

Meander s i t e  a r e  sediments a s soc ia ted  with t h r e e  

transgressive/regressive cycles .  The e a r l i e s t  of t h e s e  - 
'.. 

(Danberg Beach ~ r a n s ~ r e s s i o n  / Navy Beach Recession cycle)  i s  - 
represented  by a basa l  uni t '  of l a c u s t r i n e  s i l ts  (Unit Ci) 

t h a t  coarsens i n t o  l i t t o r a l  sands and gravels  (Units Cii and 

Ciii) . During t h e  recession t h e  stream, having aggraded from 

t h e  d e l t a  t rench,  swept over t h e  former beach sur face ,  

depos i t ing  cobble and pebble gravel  (Units Civ and C, ) ,  and 

p a r t i a l l y  t r u n c a t i n g  t h e  underlying l i t t o r a l  depos i t s .  The 

continued drop i n  base l e v e l  forced t h e  stream t o  i n c i s e  a 

new d e l t a  t rench,  a por t ion  of which i s  exposed a t  t h e  

upstream end of t h e  Meander c u t .  (Note near  t h e  downstream 

end of t h e  Meander s e c t i o n  t h a t  i n  t h e  coarse of t h e  Navy 

Beach Recession t h e  stream f i r s t  cu t ,  and then f i l l e d ,  a - 
small  channel t h a t  t runca tes  Danberg Beach-age depos i t s . )  A - 
t h i n ,  nea r ly  continuous A-horizon ( t h e  "post-400 BP 

A-horizon1') covers t h e  depos i t s  of Navy Beach t ime. 
I 

Sediments a s soc ia ted  with t h e  second of t h e  post-605 



c a l  BP lake cycles  take  t h e  form of laminated l a c u s t r i n e  

s i l ts  (Unit Bi) t h a t  coarsen upwardly i n t o  s i l t y  sands and 

sandy s i l ts  (Unit Bi i ) ,  then i n t o  l i t t o r a l  sands. (Note t h e  

degree t o  which t h e  l a c u s t r i n e  s i l ts  a r e  confined t o  t h e  

d e l t a  t rench;  here,  a s  elsewhere--e .g. t h e  Rush Creek 

Downclover cut--the s i l ts  have tended t o  accumulate i n  t h e  

submerged d e c l i v i l t y ,  thu;s depriving t h e  d e l t a  p l a i n  of f i n e  

sediment.)  A s o i l  ( the  post-290 c a l  BP A-horizon) t h a t  

developed during Pre-Historic time caps t h e s e  depos i t s .  

The l a s t  of t h e  t h r e e  post-605 c a l  BP lake cycles  ( the  

H i s t o r i c  Transgression and Recession) is  represented by a  

shee t  of l i t t o r a l  sand t h a t  forms embankments a t  6428 and 

6427 f e e t .  An i n c i p i e n t  A-horizon i s  cur ren t ly  forming on 

t h i s  h i s t o r i c  depos i t .  

"Ober cut". This exposure (Photo 29) 

l i e s  along an inc i sed  b ra id  of Lee Vining Creek a t  an 

e l e v a t i o n  of 6485-6491 f e e t .  Overlying a  coarse cobble 

g r a v e l  (Unit E) a t  t h e  base of t h e  sec t ion  i s  near ly  a  meter 

of  oxidized t o  gleyed clayey s i l ts  and s i l t y  c l ays  .(Unit D) 

of  t h e  Dechambeau Ranch High Stand. Charcoal a t  t h e  base of 

Unit  D provides a  da te  of 3490 k90 y r s  BP on t h a t  high s tand 

( s e e  Table 2, BetaAn, 5115). T h i s  deposi t  of f i n e  l a c u s t r i n e  

sediment can be t r aced  along numerous exposures downstream t o  

e l e v a t i o n s  a s  low a s  6460 f e e t .  I t  can be followed upstream 



t o  6488 f e e t ,  where it i s  over la in  by t o p s e t  and f o r e s e t  beds 
.I 

of t h e  Dechambeau Ranch-age confined-onset d e l t a  (Photo 1 9 ) .  

Unit D i s  over l a in  by 30 cm of g rave l ly  coarse sand 
a 

(Unit C ) ,  presumably da t ing  from t h e  post-Dechambeau Ranch 

lake  recess ion .  A -10cm-thick.A-horizon, represent ing  a  

per iod  of s t a b i l i t y ,  developed on t h i s  depos i t .  The s o i l  i s  

i n  t u r n  covered by a  Mono Cra ters  tephra  (Unit B )  . The 

o r i g i n a l  s t r a t i g r p h y  o f  t h i s  b io turba ted  tephra i s  preserved 

a t  s e v e r a l  po in t s  along t h e  exposure; t h e  presence of a  

l a p i l l i  l a y e r  i n  t h e  middle of t h e  depos i t  suggests  t h a t  t h e  

t ephra  d a t e s  from t h e  erupt ion  of 1245  c a l  BP. 

Forty-f ive cm of of sandy s i l t s  and s i l t y  sands (Unit 

A) o v e r l i e s  t h e  ash .  The sur face  of t h i s  uppermost u n i t  of 

Ober c u t  co inc ides  with t h e  sur face  of t h e  f i l l - t e r r a c e  t h a t  

te rminates  downstream a t  t h e  Clover Ranch-age confined-onset 

d e l t a ;  Unit A i s  the re fo re  assumed t o  be p a r t  of t h e  

channel-backfi l l  t h a t  was deposi ted when t h e  l ake  engulfed 

t h e  lower reaches of t h e  Lee Vining Delta Canyon 290(?)  c a l  

BP; accordingly,  t h e  s o i l  t h a t  caps Unit A a t  Ober c u t  i s  

t e n t a t i v l y  c o r r e l a t e d  with t h e  "post-290 c a l  BP A-horizonw of 

s i t e s  f u r t h e r  downstream. 

te 3F: W L e e  V1n- . . "C 0 U. -Clean cu t "  

(Photo 30) l i e s  across  t h e  stream from Ober cu t ,  on t h e  

e a s t e r n  wal l  of t h e  main channel of Lee Vining Creek. The 

exposure r e v e a l s  a  depos i t ional  h is tory .  s i m i l a r  t o  t h a t  i n  



the Ober cut. At the base of the section are oxidized 

gravels and clayey sands (Unit D) that compose the bottomset 

beds of the 3500-year-old confined-onset delta (indeed, these 

beds can be traced continuously to the confined-onset delta). 

Overlying Unit D are coarse-gravelly sands that were 

deposited by the stream as it incised the confined-onset 

delta in post-Dechambeau Ranch time. This alluvium composes 

a terrace on which an A-horizon has developed. (A terrace of 

similar origin capped with a contemporaneous soil makes up 

the basal half of the "Upmill cut' on Mill Creek--compare 

Photos 30 and 31.) The Mono Craters ash of 1245 cal BP 

covers the soil, and is in turn overlain by 80 cm of coarse 

sand (Unit A ) ,  believed to have been deposited by rills 

draining the colluvium-covered wall of the stream canyon. 

The timing of this last stage in the depositional history of 

"Clean cutw is not known. 

C r e e k  C u t .  

The Dechambeau Creek cut is of interest not only 

because it provides a record of fluctuations in lake level, 

but because the environment of deposition represented by the 

site is fundamentally different from any other at Mono Lake. 

Like Rush, Mill, and Lee Vining creeks, Dechambeau Creek 

flows perennially. On the other hand, it is far smaller than 

the other perennial streams and, equally important, drains 



what i s  p r i m a r i l y  a n  u n g l a c i a t e d  a l l u v i a l ,  r a t h e r  t h a n  a  

g l a c i a t e d  bedrock,  ca tchment .  T h i s  m i t i g a t e s  t h e  extreme 

s e a s o n a l i t y ,  a s  w e l l  a s  t h e  h i g h  i n t e r a n n u a l  v a r i a b i l i t y ,  o f  

f l o w  t h a t  c h a r a c t e r i z e s  t h e  o t h e r  p e r e n n i a l  t r i b u t a r i e s .  

T h i s  combinat ion  o f  f a c t o r s  r e s u l t s  i n  a  s t r e a m  t h a t  c a r r i e s  

sediment  no  c o a r s e r  t h a n  c o a r s e  sand .  (Note a l s o  t h a t ,  due 

t o  a  l a c k  of g l a c i a l l y  p u l v e r i z e d  rock  i n  t h e  d r a i n a g e  b a s i n ,  

Dechambeau Creek c a r r i e s  1 , i t t le  s i l t  beyond t h a t  made 

a v a i l a b l e  by  t h e  r e w o r k i n g . o f  v o l c a n i c  a s h  d e p o s i t s . )  The 

accumula t ion  of  sediment  a t  t h e  mouth of  Dechambeau C r e e k  

t h u s  l a c k s  t h e  d r a m a t i c  s h i f t s  from v e r y  c o a r s e  t o  v e r y  f i n e  

sediment  t h a t  c h a r a c t e r i z e s  t h e  o t h e r  , d e l t a s .  

Sediments  exposed i n  t h e  Dechambeau Creek c u t  span  t h e  

p a s t  1245+ y e a r s .  A t  t h e  b a s e  of t h e  s e c t i o n  i s  a d e p o s i t  of 

l a m i n a t e d  c l a y  (Uni t  Ji) t h a t  r e p r e s e n t s  t h e  M i l l  Creek-East 

T r a n s g r e s s i o n  and High Stand,  a s  w e l l  a s  an  i n d e t e r m i n a t e  

amount of p re -Mi l l  Creek-East t i m e .  Uni t  Ji i s  of i n t e r e s t  

b e c a u s e  it i s  t h e  o n l y  c l a y  d e p o s i t  found i n  t h e  s e c t i o n  t h a t  

i s  l a r g e l y  s i l t - f ree .  The Mono C r a t e r s  e r u p t i o n  o f  1 2 4 5  c a l  

BP, (Uni t  J i i i n  t h e  Dechambeau Creek c u t ) ,  a s  w e l l  as t h e  

e r u p t i o n  of 605 c a l  BP, p r o v i d e d ' t h e  c r e e k  w i t h  s o u r c e s  of 

s i l t y  t e p h r a  t h a t  have n o t  y e t  been exhaus ted .  The 

hypopycnal  c u r r e n t  a t  t h e  mouth of t h e  s t r e a m  i s  a p p a r e n t l y  



c a p a b l e  o f  c a r r y i n g  t h e  s i l t  some d i s t a n c e  i n t o  open w a t e r .  

A s  a r e s u l t ,  t h e  h i g h  s t a n d s  t h a t  have  o c c u r r e d  s i n c e  1245 

c a l  BP are r e p r e s e n t e d  i n  t h e  Dechambeau Creek c u t  by  s i l t y  

( a shy)  c l a y s ,  r a t h e r  t h a n  by p u r e  c l a y s .  

During t h e  decades  f o l l o w i n g  t h e  Mono C r a t e r s  e r u p t i o n  

of 1245 cal BP Dechmabeau' Creek was choked w i t h  a s h .  A t  t h e  

p o i n t  where t h e  s e c t i o n  was logged t h e  s i l t  t h a t  accumula ted  

immedia te ly  f o l l o w i n g  t h e '  e r u p t i o n  (Uni t  Ii) i s  17  c m  t h i c k .  

S l i g h t l y  f a r t h e r  upstream, and on t h e  o p p o s i t e  w a l l  o f  t h e  

c u t ,  t h i s  d e p o s i t  i s  up  t o  60 c m  t h i c k ,  and d i s p l a y s  

l a r g e - s c a l e  c o n v o l u t i o n s  b e l i e v e d  t o  owe t h e i r  e x i s t e n c e  t o  

s e i s m i c a l l y - i n d u c e d  l i q u i f a c t i o n .  These convo lu ted  s i l ts  

w e r e  b r i e f l y  d i s c u s s e d  by Wood and S t i n e  (1983) .  

The Lee Vining Delta Recess ion  and Low S t a n d  is  

r e c o r d e d  i n  t h e  Dechambeau C r e e k  c u t  a s  8 c m  of s i l t y  ( a shy)  

l i t t o r a l  sand  (Uni t  Ill) t h a t  was d e p o s i t e d  as  t h e  l a k e  

r e c e d e d  a c r o s s  t h e  s i te .  C o l o n i z a t i o n  o f  t h e s e  sands  by 

marsh v e g e t a t i o n  l e d  t o  t h e  accumula t ion  o f  a t h i c k  mat of 

s o d  t h a t  p e r s i s t s  t o d a y  a s  a humic h o r i z o n  ( t h e  A-horizon o f  

t h e  -1000 BP l o w  s t a n d ) .  

The P o s t  O f f i c e  T r a n s g r e s s i o n  and 

r e p r e s e n t e d  i n  t h e  Dechambeau Creek c u t  

( a shy)  c l a y s  (Uni t  H i ) ,  w h i l e  sed iments  

High S t a n d  i s  

by l amina ted  s i l t y  

r e p r e s e n t i n g  t h e  , 



- 
subsequen t  d e c l i n e  i n  t h e  l a k e  l e v e l  ( t h e  Simis  Ranch 

R e c e s s i o n )  are made up o f  an  upwardly c o a r s e n i n g  sequence o f  I 

c l a y e y  s i l t s  (Uni t  Hi,) ,  f i n e  s i l ts  (Uni t  Hi,,), and  s i l ts  
* 

(Uni t  Hi,). The s u r f a c e  of t h i s  l a k e - r e c e s s i o n a l  sequence,  

and a n y  s o i l  t h a t  had formed on it d u r i n g  t h e  S i m i s  Ranch Low I 

Stand ,  w e r e  t r u n c a t e d  when t h e  l a k e  rose j u s t  p r i o r  t o  t h e  
I, 

Mono Craters e r u p t i o n  of"6D5 c a l  BP. The t r a n s g r e s s i o n  i s  

r e c o r d e d  as l i t t o r a l  s a n d s  , (Uni t  G,) t h a t  unconformably I) 

o v e r l i e  t h e  r o o t l e t - r i c h  s i l ts  o f  U n i t  H. 
I 

The Mono C r a t e r s  a s h  of  605 c a l  BP ( d e s i g n a t e d  Uni t  Gi, 

a t  t h e  Dechambeau Creek c u t )  a p p e a r s  i n  a  s t r a t i g r a p h i c  

c o n t e x t  u n l i k e  t h a t  s e e n  i n  s h o r e l a n d  p i t s  a t  a  comparable 
m 

e l e v a t i o n .  Here t h e  a s h  i s  n e i t h e r  o v e r l a i n  n o r  u n d e r l a i n  by  

deep-water  sed iments .  While t h e  absence  o f  a n  o v e r l y i n g  

s h e e t  o f  c l a y s  may r e a s o n a b l y  be a t t r i b u t e d  t o  t r u n c a t i o n  

d u r i n g  t h e  Navy Beach Recess ion ,  t h e  l a c k  o f  c l a y s  a t  t h e  rn 

base of t h e  a s h  i s  more p e r p l e x i n g :  no  s a t i s f a c t o r y  

e x p l a n a t i o n  comes t o  mind. Except  t h a t  t h e  a s h  i t s e l f  

d i s p l a y s  a l l  t h e  markings o f  hav ing  been d e p o s i t e d  i n  
0 

s t a n d i n g  w a t e r  beyond t h e  l i t t o r a l  zone (it i s  composed-of 

compact p l a n e r  beds  of  c o n s i s t a n t  t h i c k n e s s  t h a t  can  be m 

t r a c e d  l a t e r a l l y  f o r  many meters, and  l a c k s  i n t e r b e d s  of 

l i t t o r a l  s a n d ) ,  one cou ld  n o t  i n f e r  from t h i s  exposure  t h a t  m 



t h e  s i t e  was covered i n  over 25 f e e t  of water  a t ,  and f o r  

some t i m e  a f ter ,  t h e  t ime of t h e  e rup t ion .  

The l a k e  receded t o  below t h e  s i t e  of t h e  c u t  dur ing  

t h e  decades fo l lowing  t h e  e rup t ion  (10-Mile Road t i m e ) ,  as 

.evidenced by t h e  l i t t o r a l  sands (Unit Giii) and a t t e n d a n t  

A-horizon ( t h e  post-605 c a l  BP 

ash .  The A-horizon i s  i n  t u r n  
I - .  

sequence of  s i l t y  c lays '  ( u n i t s  

A-horizon) t h a t  o v e r l i e  t h e  

o v e r l a i n  by an a l t e r n a t i n g  

F, D,  and B) r ep re sen t ing  t h e  

Danberg Beach, Clover Ranch, and H i s t o r i c  t r a n s g r e s s i o n s ,  and 

l i t t o r a l  sands  (Uni t s  E, C, and A) r ep re sen t ing  t h e  Navy 

Beach, Pre -His tor ic ,  and H i s t o r i c  r eces s ions .  A t h i c k  humic 

hor izon  composed of f reshwater  marsh vege ta t i on  caps  t h e  

s e c t i o n .  



CHAPTER 5 

HISTORY OF THE MONO ISLANDS 

Paleohydroclimatic i,nterp;etation of t h e  Mono Lake 

f l u c t u a t i o n  curve (Chapter 6) must be predica ted  on an 

understanding of  t h e  r e l a t i o n s h i p s  between lake  l e v e l ,  l ake  
.. - 

su r face  area ,  and l ake  volume, and t h e  way t h a t  they  have 

v a r i e d  through time. s i g n i f i c a n t  changes i n  t h e s e  

r e l a t i o n s h i p s  have occurred within l a t e  Holocene time due t o  

volcanically-induced i s l a n d  bui ld ing .  This chapter  examines 

t h e  h i s t o r y  of t h e  Mono ~ s i a n d s ,  and t h e  ways i n  which t h e i r  

development has  a l t e r e d  t h e  morphometry of t h e  l ake  bas in .  

evinus 

Since 1863, when members of t h e  Ca l i fo rn ia  Geological 

Survey v i s i t e d  t h e  Mono Basin, t h e  age of t h e  Mono I s l ands  

(Photo 32a) has  been a mat ter  of c u r i o s i t y  and speculat ion.  

Like o t h e r s  who would l a t e r  s tudy t h e  region, survey members 

were s t ruck  with t h e  geomorphically youthful appearance of 

t h e  i s l a n d s .  Expedition b o t a n i s t  William Henry Brewer wrote 

t h a t  t h e  cone on Negit I s l and  looked "more recent  than  any 

o t h e r  I have seen i n  t h e  s t a t e n  (Farquhar, 1 9 4 9 ) .  Geologist  

Josiah Whitney made a s i m i l a r  comparison, and noted t h a t  



" t h e r e  i s  every  i n d i c a t i o n  t h a t  t h e  vo lcan ic  a c t i o n  [on 

Paoha] has  ceased a t  a very r ecen t  per iod ,  o r ,  r a t h e r ,  t h a t  

it has  no t  f u l l y  d i e d  o u t w  (Whitney, 1865) .' 
Joseph LeConte (1879) was t h e  first t o  a t tempt  t o  d a t e  

t h e  i s l a n d s .  S t r a t i g r a p h i c  r e l a t i o n s h i p s  led h i m  t o  conclude 

t h a t  Paoha I s l a n d  was p o s t - g l a c i a l  (post-Champlain) i n  age.  

S i m i l a r l y ,  I s r a e l  Russe l l  (1889) reasoned t h a t  s i n c e  Negit  

I s l a n d  l a c k s  l a c u s t r a l  sediments,  it must post-date t h e  l a t e  

P l e i s t o c e n e  h igh  s t a n d  of  t h e  l a k e .  

Not u n t i l  t h e  1960s were f u r t h e r  a t t empt s  made t o  date 

t h e  v o l c a n i c  e d i f i c e s  i n  Mono Lake.  S c h o l l  and h i s  

co-workers (1967) observed t h a t  t h e  i s l a n d s  l a c k  t h e  

h ighs t and ing  s h o r e l i n e s  t h a t  were e t ched  around t h e  rest of  

t h e  b a s i n  i n  l a t e s t  P l e i s tocene  t ime.  This ,  t o g e t h e r  wi th  

i t s  rugged appearance and l a c k  of a n  i n t e g r a t e d  dra inage  

network, l ed  them t o  conclude t h a t  Paoha I s l a n d  i s  

pos t -P le i s tocene  i n  age.  They ventured t h a t  Negit  I s l a n d  

"may w e l l  be less than  s e v e r a l  thousand y e a r s  o l d  and may 

p o s s i b l y  be on ly  s e v e r a l  hundred y e a r s  old ."  

L a j o i e  (1968; s e e  a l s o  Reed, 1977), drawing on t h e  work 

of Scho l l ,  po in t ed  ou t  t h a t  s u b l a c u s t r i n e  terraces, inc lud ing  

t h e  "25-foot" t e r r a c e  t h a t  surrounds much of  the l a k e  a t  an 

e l e v a t i o n  of around 6368 f e e t ,  a r e  absen t  on Paoha I s l a n d .  

Be l i ev ing  t h e  t e r r a c e  t o  be  "Al t i thermalu  i n  age  ( see  pgs.  

206-219), L a j o i e  concluded t h a t  t h e  i s l a n d  must be less than  



4000 y e a r s  o l d .  H e  f u r t h e r  cons t r a ined  t h e  age of  t h e  

i s l a n d s  by observing t h a t  t h e y  l a c k  a s h o r e l i n e  a s s o c i a t e d  

w i t h  t h e  l a k e ' s  "Holocene h igh  s t a n d w  (es t imated  by him t o  

l i e  a t  an e l e v a t i o n  of  6480 feet; now known t o  be  a t  6499 

fee t ) .  La jo i e  b e l i e v e d  t h e  age  of  t h e  Holocene h igh  s t a n d  t o  

be approximately  3000 y e a r s  (now da t ed  a t  3490 BP) ,  and t h u s  

reasoned  t h a t  t h e  i s l a n d s  must have formed wi th in  t h e  p a s t  
,', 

three mi l l enn ia .  

The works c i t e d  above,. as we l l  as v i r t u a l l y  a l l  o t h e r  

r e l e v a n t  s t u d i e s  (G i lbe r t ,  i n  Cohen and R i b b e ,  1966; Lee, 

1969; Mason, 1967; Wood, 1977; Bai ley,  1980) conclude t h a t  

the  i s l a n d s  of  Mono Lake are pos t -P le i s tocene  i n  age.2 The 

sole except ion  l i e s  i n  t h e  work o f  Cohen and Ribbe (1966; s e e  

a l s o  Ribbe and Cohen, 1966) .  Following Char les  G i l b e r t ' s  

d i s cove ry  of newberyite (MgHPO, 3H20) , a pseudomorph of  

s t r u v i t e  (M~NH,PO,  6H,O) , i n  t h e  P l e i s tocene  sediments exposed 

on Paoha I s l a n d  ( G i l b e r t , i n  Cohen and Ribbe, 1966) ,  t h e s e  

workers  reasoned t h a t  s i n c e  s t r u v i t e  is  t y p i c a l l y  found i n  

a s s o c i a t i o n  wi th  guano d e p o s i t s ,  ". . . w e  now h a ~ e ~ e v i d e n c e  

t h a t  Paoha I s l a n d  was a popular  rookery . . . dur ing  t h e  l a t e  

P l e i s t o c e n e ,  when birds must have l i t e r a l l y  covered t h e  

i s l a n d ,  much as t h e y  do today on modern guano i s l ands . "  The 

f o l l y  of t h i s  i n t e r p r e t a t i o n  was po in t ed  up by L a j o i e  (1968), 

who n o t e d  t h a t  t h e  s t r u v i t e  ( l a t e r  newberyite)  grew i n  



l amina ted  mud on t h e  q u i e t  bottom of  a deep lake,  and n o t  

s u b a e r i a l l y  on t h e  t o p  of  an i s l a n d .  

Informat ion gained i n  t h e  course  o f  f i e l d  work between 

1980 and 1986 confirms t h e  l a t e  Holocene age o f  t h e  Mono 

I s l a n d s .  Based on t h i s  informat ion it w i l l  be shown t h a t  

Negit  I s l a n d  and t h e  Negit  Islets formed due t o  e p i s o d i c  

volcanism between roughly 2000 and 270 y e a r s  ago, t h a t  Paoha 

I s l a n d  broke t h e  s u r f a c e , o f  t h e  l a k e  sometime af ter  -1685 AD, 

and t h a t  t h e  cones and coulee  on t h e  no r theas t e rn  co rne r  o f  

Paoha d a t e  from af ter  -1723 AD. - 
Negit I s land  

Negit  I s l a n d  (" the  b lack  i s l a n d w )  is a -200-acre complex 

of cones, domes, and flows composed p r i m a r i l y  o f  dacite 

(64.95% t o  66.32% Si0,--chemical ana lyses  by Joachim Hampel, 

Department of Geology, UCB), t h a t  i s  s i t u a t e d  t o  t h e  

n o r t h e a s t  of  Black Poin t  (F igs .  2 and 19; Photos 32b and c ) .  

The f e a t u r e  has  e x i s t e d  as an i s l a n d  throughout most of 

h i s t o r i c  t ime,  though between 1978 and 1981 it was connected 

t o  t h e  mainland by a landbridge.  

The geomorphology of Negit I s l a n d  has  been desc r ibed  

on ly  i n  gene ra l ,  and con t r ad i c to ry ,  terms.  Russe l l  (1889) 
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wrote tha t  it consists of "a c ra te r  and a lava couleen. 

Scholl and others (1967)  cal led it a "compound andesi t ic  

dome". Wood (1977)  described it as  "two recent. . .flows and 

a cinder cone, and a central  saddle area of older tu f f sn ,  

while Lee (1969)  ventured t h a t t h e  island "seems t o  be a 

single vent f o r  the  dacite which flows t o  the north and 

eas t .  

The conclusion drawnihere from f i e l d  inspection and 

examination of a e r i a l  photos i s  tha t  Negit Island i s  composed 

of three  d i s t inc t  eruptive centers--a prominent cinder/scoria 

cone and two domes--that have given r i s e  t o  a t  l eas t  s i x  lava 

flows. The cone (here called the Negit Cone) r i s e s  75 m 

above the  lake surface, and consti tutes the  s u m m i t  of the  

island.  Its south, eas t ,  and west flanks a re  composed of 

scoriaceous daci te  blocks, while the  northern s ide  i s  mantled 

w i t h  cinder. A meters-wide dike dipping approximately 40° t o  

the  south i s  v is ib le  on both i t s  east  and west sides.  The 

cone is  crowned by a shallow crater ,  the  southern r i m  of 

which has been breached by the  overflow of lava. 

Northeast of the Negit Cone are  two deeply f issured 

daci te  domes (the Central- and East-Negit domes) t h a t  project 

4 5  m above the  surface of the lake. The summits of the  two 

domes have collapsed in to  shallow craters .  

The cone and the two domes are  aligned along a se r i e s  of 

en echelon f ractures  t h a t  trend SW-NE across the  island 



(Appendix D). When projected beyond the island shores, these 

fractures join a prominent bathymetric linearity that can be 

traced along the lake bottom for a distance of approximately 

10 km. The linearity is presumably the sublacustral 

expression of a fault system that has acted as a vent for the 

volcanics of Negit Island, as well as for the Negit Islets 

(see below). 

Blocky dacite coulees emanate from each of the three 

eruptive centers (Figures 2 and 19). The largest coulee on 

the island, the South-Negit Coulee, flowed southward from the 

crater of the Negit Cone. Only slightly smaller is the 

West-Negit Coulee, which flowed northward from a source near 

the northern base of the cone. The Central- and East-Negit 

domes each produced a stubby, northward-flowing coulee (the 

Central- and East-Negit coulees);. additionally, one minor 

flow was extruded to the southwest, and another to the 

northeast, from near the base of the East-Negit Dome. 

Lying between and stratigraphically beneath the Central- 

and the West-Negit coulees is a small platform composed of 

gently dipping beds of welded phreatic explosion debris 

(Photo 32d). This rhyodacite deposit (SiO, -67.72%), and the 

West- and Central-Negit coulees, are separated from the Negit 

Cone by an arcuate declivity that girds the base of the cone 

on its northern side. A similar though shallower declivity 



encircles the base of the East-Negit Dome along its 

southeastern margin. 

The Negit I s l e t s  

Associated with the NE- to SW-trending bathymetric 

linearity that cuts across the northwestern floor of Mono 

Lake (Scholl, et dl., 1967) are spires and domes composed 

variously of glass, pitchstone, pumice, and tuff, the tops of 

which protrude from the lake as a linear cluster of islets. 

These "Negit Islets" are mapped on Figure 19 and pictured on 

Photo 32; the individual members were named by 

ornithologists studying the nesting behavior of the 

California Gull ( L w  Califarnicus) and other aquatic birds 

that frequent the lake (Winkler, 1983). The Negit Islets are 

composed of dacite, rhyodacite, and rhyolite, with SiO, 

contents ranging from 62% to 72%. 

Russell (1889) believed the islets to be remnants of a 

single lava flow "which has been mostly removed by erosionn. 

The variation in both age (see below) and chemical 

composition (Figure 19) of the different islets/however, 

strongly suggests at least several separate eruptions from a 

number of distinct vents. 

~istorically, the number of Negit Islets has ranged from 

zero at the time of the Historic High Stand (-6428 feet) in 



1919, t o  20, covering a t o t a l  of approximately 33 ac res ,  a t  

t h e  t ime of t h e  H i s t o r i c  Low Stand (~6372 f e e t )  i n  1982. The 

main c l u s t e r  of i s l e t s  l i e s  t o  t h e  nor th  and e a s t  of Negit 

I s land;  note,  however, t h a t  two unnamed s p i r e s  l i e  adjacent  

t o  t h e  t i p  of t h e  West-Negit Coulee (and become peninsular  t o  

t h a t  flow a t  lake  l e v e l s  below about 6420 f e e t ) ,  and t h a t ,  a t  

a l a k e  l e v e l  of about 6374 f e e t ,  "Winkler I s l e t m  emerges t o  

t h e  west of Negit I s land .  

Paoha I s land  

Paoha I s l and  (" the white i s l and" )  is a broad asymetric 

dome of  l a c u s t r i n e  s i l t  and diatomite ,  l o c a l l y  invaded by 

s i l i c e o u s  volcanic  in t rus ions ,  t h a t  l ies  near  t h e  cen te r  of 

Mono Lake (Photo 32a) .  A t  present-day l ake  l e v e l  (6380 f e e t )  

t h e  i s l a n d  measures 3.6 km from nor th  t o  south, 3 km from 

e a s t  t o  west, and covers s l i g h t l y  over 2000 acres .  The 

h ighes t  e l eva t ions  (up t o  97 m above t h e  present-day l ake )  

occur along a deeply scal loped,  NNE-SSW-trending r idge  t h a t  

towers over t h e  southern three-quar ters  of t h e  i s l a n d .  This 

r idge  p a r a l l e l s ,  but  l ies  well  e a s t  of ,  t h e  i s l a n d ' s  N-S 

a x i s .  

Most of t h e  i s l a n d  sur face  is composed of up-arched 

lake-bottom sediments t h a t  have been sculp ted  by f l u v i a l ,  

volcanic ,  and mass-wasting processes  i n t o  a chaos of huge 

slump s c a r s ,  random depressions,  i r r e g u l a r  heaps of l ands l ide  



d e b r i s ,  j uven i l e  badlands of un in t eg ra t ed  dra inage  channels,  

and broad s t e p s  t h a t  conform t o  t h e  quaquaversal  dip of  t h e  

sedimentary beds.  La j o i e  (1968) , who reconnoi te red  t h e  

i s l a n d  as p a r t  o f  h i s  d i s s e r t a t i o n  work, found most o f  t h e  

l a c u s t r i n e  sediment t o  be pre-Wilson C r e e k  ( p r e - l a t e s t  

P l e i s tocene )  i n  age.  WilBon Creek beds p e r s i s t  i n . o n l y  a fe; 

s m a l l  areas on t h e  nor thern  q u a r t e r  of t h e  i s l a n d ;  e lsewhere  

t h e y  have been removed by.: l a n d s l i d i n g  . 
Volcanic rocks  pro t rude  from t h e  l a k e  sediments on Paoha 

I s l a n d  i n  t h r e e  d i f f e r e n t  a r eas .4  On t h e  n o r t h  end of t h e  

i s l a n d ,  g l a s s y  t o  pumiceous s p i r e s  and d i k e s  of  g rey  t o  b lack  

r h y o l i t e  (-70% s i l i ca )  crop o u t  i n  concen t r i c  r i n g s ,  a 

morphology which suggested t o  La jo i e  (1968) t h a t  t h e  vo lcan ic  

p i l e  may c o n s i s t  of  "a l a r g e  plug dome o r  flow similar t o  t h e  

e x t r u s i o n s  forming t h e  Mono C r a t e r s n .  Highly altered 

r h y o d a c i t i c  e x t r u s i v e s  a r e  found i n  a s s o c i a t i o n  wi th  

p r e s e n t l y - a c t i v e  fumaroles around "Hot-Spring Coven on t h e  

i s l a n d ' s  e a s t - c e n t r a l  shore  (Lajoie ,  1968),  whi le  a t  l e a s t  

t e n  c i n d e r  cones and a blocky coulee  of d a c i t e  (-66% SiO,) 

make up t h e  no r theas t e rn  corner  of  t h e  i s l a n d  (Photo 33a ) .  

The p e r i c l i n a l  s t r u c t u r e  of  Paoha I s l a n d  sugges t s  broad 

doming by l a c c o l i t h i c  i n t r u s i o n .  The bathymetry of t h e  Paoha 

nlakemountn, however, c o n t r a d i c t s  t h i s  simple i n t e r p r e t a t i o n .  

s u b l a c u s t r a l  s l o p e s  on t h e  nor thern ,  ea s t e rn ,  and sou thern  



s i d e s  of  t h e  i s l a n d  a r e  s t e e p  (from 400 f t / m i l e  t o  

n e a r - v e r t i c a l ) ,  sugges t ing  t h a t  it was u p l i f t e d  a long  

bounding f a u l t s .  The western s lope  of t h e  lakemount i s  

g e n t l e r ,  wi th  a mean g r a d i e n t  of  less t h a n  200 f t / m i l e .  This  

s u b l a c u s t r a l  topography, as w e l l  a s  t h e  eastwardly-skewed 

placement of t h e  a x i a l  r i dge ,  sugges t s  t h a t  Paoha I s l a n d  was 

u p l i f t e d  as a I1trap doorw hinged on t h e  west .  It may be, on 

t h e  o t h e r  hand, t h a t  t h e  'mass of slump d e b r i s  found o f f  t h e  

western  sho re  of t h e  i s l a n d . ( s e e  below) concea ls  a s t e e p  

bounding s c a r p  such a s  t h o s e  on t h e  nor thern ,  e a s t e r n ,  and 

sou the rn  s i d e s  of t h e  i s l a n d .  The upheaval t h a t  r e s u l t e d  i n  

t h e  emergence of  t h e  i s l a n d  was presumably caused by t h e  

sha l low i n t r u s i o n  of  magma, though a t e s t - w e l l  d r i l l e d  i n  

1908 t o  a dep th  o f  1998 f e e t  on t h e  i s l a n d ' s  southwestern 

c o r n e r  f a i l e d  t o  p e n e t r a t e  t h e  hypothesized i n t r u s i o n  

(Pak i se r ,  e t  a l ,  1960, Fig.9;  Schol l ,  e t  a l ,  1967; La jo ie ,  

1968) .  

The Paoha Islets 

The s u b l a c u s t r a l  topography immediately w e s t  of Paoha 

I s l a n d  i s  h i g h l y  i r r e g u l a r  and c l u t t e r e d .  Scho l l  and h i s  

co-workers (1967) surmised t h a t  t h i s  jumble of peaks and 

d e p r e s s i o n s  i s  a l a n d s l i d e  d e p o s i t  t h a t  owes i t s  e x i s t e n c e  t o  

gravi ty-s lumping o f f  t h e  western  f l a n k  of  Paoha I s l a n d .  The 

n a t u r e  and composit ion of t h e  d e p o s i t  ( f r ac tu red ,  f a u l t e d ,  



and con to r t ed  l a c u s t r i n e  s i l ts  and d i a tomi t e s )  and t h e  huge 

slump s c a r s  on t h e  i s l a n d ' s  western f l a n k  (Photo 33b) support  

t h i s  i n t e r p r e t a t i o n .  

I n  1962, as t h e  d e c l i n i n g  s u r f a c e  of Mono Lake neared an 

e l e v a t i o n  of 6394 f e e t ,  sharp-cres ted p innac l e s  and hummocks 

of  t h i s  l a n d s l i d e  deposit ' lbegan t o  emerge from t h e  l a k e  as 

t i n y  islets. By 1982, when t h e  l a k e  reached i t s  H i s t o r i c  Low 

Stand  of 6372 f e e t ,  t h e  ."Paoha Isletsw numbered roughly two 

dozen (Photo 33c). The rise i n  l a k e  l e v e l  t h a t  occur red  

between 1982 and 1986 r e s u l t e d  i n  t h e  re inunda t ion  and t h e  

o b l i t e r a t i o n  ( s ee  below) of l a r g e  p o r t i o n s  of  t h e  Paoha 

I s l e t s .  

Introduction 

Reliable d i r e c t - d a t i n g  of  t h e  Mono i s l a n d s  has  m e t  wi th  

l i t t l e  success .  Hydration-rind a n a l y s i s  (a r e l a t i v e l y  

imprec i se  method o f  chronometric c o n t r o l )  on Paoha r h y o l i t e s  

by Wood (1977) y i e lded  an age o f  800-900 years .  Wood 

exp la ins ,  however, t h a t  t h i s  f i g u r e  has  no t  b e e n c a l i b r a t e d ,  

and t h a t  it t h e r e f o r e  must be  considered only an  e s t ima te .  

The annual  r i n g s  d i sp layed  i n  c o r e s  e x t r a c t e d  from t h e  f e w  

trees growing on t h e  i s l a n d s  show no obvious s i g n s  o f  

vo lcan ica l ly - induced  trauma, t h u s  p rec lud ing  a d i r e c t  d a t e  

from a t r e e - r i n g  chronology. Thalus diameters  o f  s e v e r a l  



s p e c i e s  of l i c h e n s  growing on Negit I s l a n d  were measured i n  

t h e  cou r se  of  t h e  s tudy  and, while t hey  confirm t h e  e r u p t i v e  

sequence de r ived  from o t h e r  l i n e s  of  evidence,  t h e y  cannot 

y e t  be used t o  p rov ide  abso lu t e  d a t e s .  F i n a l l y ,  it should be 

no ted  t h a t  t h e  ora l  t r a d i t i o n  of t h e  n a t i v e  i n h a b i t a n t s  

o f f e r s  no t e n a b l e  h i n t  of t h e  e r u p t i v e  h i s to ry . '  

With no a v a i l a b l e  means of d i r e c t l y  d a t i n g  t h e  i s l a n d s ,  

t h e  e r u p t i v e  sequence must .be  i l l umina ted  through i n d i r e c t  

means. Severa l  t y p e s  of i n d i r e c t  evidence can be used t o  

c o n s t r a i n  ep isodes  of  i s l a n d  volcanism t o  t ime i n t e r v a l s  

ranging  from s e v e r a l  c e n t u r i e s  t o  approximately s i x  decades.  

The purpose here  i s  t o  cons ider  t h e  h i s t o r y  of  i s l a n d  

volcanism i n  l i g h t  of t h e  t e p h r o s t r a t i g r a p h i c ,  geomorphic, 

dendrochronologic,  e a r l y  h i s t o r i c ,  and l ake - f luc tua t ion  

r eco rds .  

Sequence and Timing of Negit  I s land  Volcanism 

Tephra from t h r e e  r e c e n t  e r u p t i o n s  of t h e  Mono C r a t e r s  

can be found on, and i n  c l o s e  proximity  t o ,  Negit  I s l a n d .  

S t r a t i g r a p h y  of t h e  ashes  l e a v e s  no doubt t h a t  t h e  two 

youngest  of t h e s e  t h r e e  geo log ica l  t i m e  l i n e s  a r e  t h e  1245  

cal BP t e p h r a  of Wood (1977) and t h e  605 cal BP t e p h r a  o f  

S i e h  (1984; S ieh  and Bursick,  1986);  t h e  o l d e s t  o f  t h e  

t h r e e  is b e l i e v e d  t o  be  e i t h e r  t h e  1610- o r  t h e  

1990 ( ? )  -year-old Mono C r a t e r s  ash.  For  purposes of 



discussion, t h i s  lowest ash w i l l  be assumed t o  date from 

1610(?) BP; as  i t s  age is  c la r i f ied ,  so too w i l l  be the 

timing of Negit Island volcanism. 

Figure 1 9  i l l u s t r a t e s  the  distr ibution of the  three 

rhyo l i t i c  ash layers, a s  well as  of three dac i t i c  tephras, 

found on Negit Island. The generalized tephra stratigraphy 

shown there  i s  based on roughly two dozen shallow p i t s  tha t  

were dug t o  bedrock on &rbous par t s  of the  island. The 

longest sequence of ash uni ts  on the island mantles the  

platform of phreatic explosion debris.  There, the  three Mono 

Craters ashes a l ternate  w i t h  the three dac i t i c  tephras, the  

rhyol i t ic ' ashes  making up fhe lower unit of each 

rhyoli te/dacite pair .  The three dacite uni t s  a re  informally 

designated, from youngest t o  oldest,  dac i t i c  tephras A, B, 

and C.  

The Mono Craters ashes of 1610 BP and 1245 ca l  BP, a s  

well a s  dac i t i c  tephra C, are res t r ic ted  t o  the platform of 

phreatic explosion debris, indicating t h a t  t h i s  feature is 

the  oldest  portion of Negit Island, having formed before 1610 

The ash u n i t s  overlying the Central-Negit Dome and Flow 

include d a c i t i c  tephra B, the 605-year-old Mono Craters ash, 

and d a c i t i c  tephra A ( that  is, the three uppermost tephra 

uni t s  found on the is land) .  The East-Negit Dome and F ~ O W  

lack d a c i t i c  tephra B, and are therefore judged t o  be younger 



t h a n  t h e i r  c e n t r a l - p l a t f o r m  c o u n t e r p a r t s ;  t h e y  are, however, 

man t l ed  w i t h  b o t h  t h e  Mono C r a t e r s  a s h  o f  605 cal BP, and 

d a c i t i c  t e p h r a  A ( t h e  two youngest  a s h e s  on the i s l a n d )  . On 

t h e  b a s i s  o f  t h e  t e p h r a  s t r a t i g r a p h y  it i s  concluded t h a t  t h e  

Eas t -  and Centra l -Negi t  domes and f l o w s  formed sometime 

between 1245 and  605 c a l  B P . ~  

While b o t h  t h e  West- and South-Negit Flows are i n  p l a c e s  

peppered  w i t h  d a c i t i c  t e p h r a  A, t h e y  l a c k  a mant le  o f  t h e  

most r e c e n t  Mono C r a t e r s  a sh ,  i n d i c a t i n g  t h a t  t h e y  w e r e  

d e p o s i t e d  a f t e r  605 c a l  BP. An upper  c o n s t r a i n i n g  a g e  f o r  

t h e  West-Negit Flow can be a s s i g n e d  b a s e d  on the  p r e s e n c e  of 

s t r a n d l i n e s  of known a g e .  .The  h i g h e s t  s t r a n d l i n e  on t h e  

f low, and i n  f a c t  t h e  h i g h e s t  s t r a n d l i n e  found anywhere on 

Neg i t  I s l a n d ,  l i e s  a t  a n  e l e v a t i o n  o f  6456 fee t - - the  l e v e l  o f  

t h e  Clover  Ranch High S t a n d  of 2 9 0 ( ? )  c a l  BP. T h i s  f e a t u r e  

t a k e s  t h e  form o f  a n  e r o s i o n a l  n o t c h  wherever  it i s  found on 

t h e  i s l a n d .  P i t c h s t o n e  b l o c k s  l y i n g  above t h e  n o t c h  a r e  

a n g u l a r ,  jagged, and c h a r a c t e r i z e d  by a l u s t r o u s  sheen .  

Rocks below t h e  c l i f f l i n e  are t y p i c a l l y  l a c k l u s t e r ,  a n d  w e l l -  

t o  sub-rounded. I n s c r i b e d  a s  it i s  w i t h  t h e  Clover  Ranch 

s t r a n d l i n e ,  and  l a c k i n g  t h e  uppermost Mono C r a t e r s  a s h ,  t h e  

West Negi t  Flow i s  judged t o  have formed between 605 and 

2 9 0 ( ? )  c a l  BP. 

The Clover  Ranch s t r a n d l i n e  e n c i r c l e s  a lmos t  t h e  e n t i r e  

i s l a n d .  It i s  a b s e n t  o n l y  on t h e  South  Negi t  Flow. The 



h ighes t  s h o r e l i n e  on t h a t  flow--a conspicuous no tch  similar  

morphologically t o  t h e  Clover Ranch s t r and l ine - - l i e s  a t  an 

e l e v a t i o n  of 6 4 4 5  f e e t  (11 feet below t h e  Clover Ranch 

s t r a n d l i n e ) ;  t h e  f low t h u s  post -dates  t h e  Clover Ranch High 

Stand of 290 (?) c a l  BP (though perhaps  by on ly  two o r  t h r e e  

decades) ,  and appears  t o  be  t h e  youngest p o r t i o n  of Negit  

I s l a n d .  

I n  summary, t h e  even t s  l ead ing  t o  t h e  development of  

Negit I s l a n d  proceeded as fol lows:  

1.Phreatic rruption of rhyodacitic debris, leading to 

construction of the "central platfonnn area on Negit 

Island. 

--Ashfall associated with the Mono Craters eruption of 1610 BP 

--Deposition of dacitic tephra C--source unknown (see below) 

--Ashfall associated with the Mono Craters eruption of 1245 cal BP 

2. Toanation of the Central-Negit Dome and Flow. 

--Deposition of dacitic tephra B--source unknown (see below) 

3.Tormation of the East-Negit Dome and Flow, md presumably 

of the tiny flows on the southern and northeastern side8 of 

the East-Negit Dome. 

--Ashfall associated with the Mono Craters eruption of 605 cal BP 

4. Toanation of the west-Negit Plow. 

--Lake attains, then recedes from, the Clover Ranch High Stand 

5. Toanation of the South-Negit Plow, -270 cal BP. 

--Deposition of dacitic tephra A (source: Paoha 1s.--see below) 

Note t h a t  t h e  formation of t h e  Negit Cone i s  absen t  from 

t h e  l i s t .  The presence of t h e  youngest Mono Craters a sh  



w i t h i n  t h e  c r a t e r  of t h e  cone i n d i c a t e s  t h a t  t h e  f e a t u r e  

formed p r i o r  t o  605 c a 1  BP. A thorough sea rch  of  i t s  f l a n k s  

may r e v e a l  t h e  presence  of o l d e r  t eph ra  u n i t s .  F u r t h e r  work 

on t h e  t race-element  chemist ry  of t h e  cone, o t h e r  f e a t u r e s  of 

Negi t  I s l a n d ,  t h e  Negit I s l e t s ,  and d a c i t i c  t e p h r a s  B and C, 

may h e l p  c l a r i f y  t h e  sources  of t h e s e  two lowest  d a c i t i c  

t e p h r a  u n i t s  and, consequently,  t h e  r e l a t i v e  ages  of t h e  

v e n t s  . 
Age of t h e  Neg i t  I s l e t s  

A s  p rev ious ly  noted, t h e  t e n s  of  thousands o f  pumice 

b locks  t h a t  l i t t e r  t h e  southwestern h a l f  of  t h e  Mono 

sho re l ands  l i e  s t r a t i g r a p h i c a l l y  between t h e  Marina-age 

l i t t o r a l  sands  and p l a n t  d e t r i t u s  d a t e d  a t  1610 BP. On t h e  

b a s i s  o f  bo th  l i t h o l o g y  and trace-element a n a l y s i s  (Figure  

191, t h e  b locks  are judged t o  be t h e  product  of  t h e  pumiceous 

"core" r eg ion  of Java  Islet .  The age of  t h e  Java c o r e  can 

t h u s  be p l aced  a t  approximately 1700 BP. While demonstrably 

o l d e r  t h a n  many o f  the i s l a n d  vo lcan ic s ,  t h e  Java  c o r e  i s  

c l e a r l y  younger t h a n  t h e  p h r e a t i c  explosion debris t h a t  it 

i n t r u d e s .  

L a j o i e  (1968) po in t ed  ou t  t h a t  t h e  two smal l  s p i r e s  t h a t  I 

p r o t r u d e  j u s t  n o r t h  of  t h e  West-Negit Flow are covered wi th  a 
I 

t u f a  r i n d  t h e  t h i c k n e s s  of which far  exceeds t h a t  on t h e  flow 

i tself.  I t  i s  t h e r e f o r e  concluded t h a t  t h e s e  two is le ts  I 

p r e d a t e  t h e  West Negit  Flow. 



Assigning ages  t o  o t h e r  i s le ts  of t h e  Negit  Archipelago 

is p rob lema t i ca l .  Because t h e  i s l e t  summits l i e  below t h e  

e l e v a t i o n  o f  t h e  Clover Ranch High Stand (and, wi th  on ly  a 

f e w  except ions ,  below t h e  H i s t o r i c  High S tand) ,  s t r anded  

s h o r e l i n e s  cannot be used t o  f i x  maximum o r  minimum ages .  

Furthermore, most of t h e  'islets l a c k  p r o t e c t e d  embayments i n  

which a t e p h r a  sequence might su rv ive  o b l i t e r a t i o n  by waves. 

Only on " L i t t l e  Norwayw,"so named because of t h e  min ia ture  

f i o r d - l i k e  d e c l i v i t y  t h a t  b i s e c t s  t h e  islet  from n o r t h  t o  

sou th  (Photo 33d), can a t e p h r o s t r a t i g r a p h i c  sequence be 

found. Near t h e  southern end of t h i s  narrow, slack-water 

cove t h e  r h y o l i t e  (70.35% SiO,) t h a t  makes up t h e  i s le t  i s  

o v e r l a i n  by sediments t h a t  inc lude  t h e  Mono Craters a s h  of 

605 c a l  BP and d a c i t i c  t eph ra  A (Figure  1 9 ) .  Lacking t h e  

second-youngest Mono Craters a s h , . L i t t l e  Norway i s  

acco rd ing ly  ass igned  an age o f  between 605 and 1245 cal BP. 

The 605-year-old a sh  l ies  i n  direct c o n t a c t  wi th  t h e  bedrock 

of  t h e  i s l a n d ,  sugges t ing  t h a t  L i t t l e  Norway formed 

immediately p r i o r  t o  t h e  l a s t  e rup t ion  o f  t h e  Mono Craters. 

XRF a n a l y s e s  were conducted on t h e  r h y o l i t e  of  L i t t l e  

Norway, T i e ,  L i t t l e  ~ a h i t i ,  and La Paz (Figure  1 9 ) .  The 

r e s u l t s  i n d i c a t e  a high degree  of s i m i l a r i t y  from i s l e t  t o  

i s le t ,  sugges t ing  t h a t  they  may be t h e  product  of t h e  same 

e r u p t i o n .  I f  t h i s  i s  indeed t h e  case ,  t h e  pre-605 cal BP 



d a t e  i n f e r r e d  f o r  L i t t l e  Norway i s  appl icable  t o  these  o t h e r  

i s l e t s ,  and perhaps t o  o the r  (yet-unanalyzed) r h y o l i t i c  

i s l e t s  of t h e  archipelago a s  wel l .  

Age of Paoha Is land  and t h e  Paoha I s l e t s  

s ash of 605 c a l  w, A 

thorough sea rch  of Paoha revea l s  t h a t  depos i t s  of Mono 

C r a t e r s  t e p h r a  are confined t o  a f e w  highly l o c a l i z e d  sites 

on t h e  i s l a n d ' s  northern quar t e r .  There, t h e  ash occurs a s  

t h i n  beds i n t e r c a l a t e d  within contor ted  g l a c i o l a c u s t r i n e  

silts of  t h e  l a t e  P le is tocene  Wilson Creek Formation. Unlike 

nearby Negit  I s l a n d  and L i t t l e  Norway, and t h e  Mono 

shore lands  t o  t h e  north,  e a s t ,  south, and west, Paoha I s l and  

l a c k s  a s u r f a c e  mantle of  tephra  from l a t e  Holocene erupt ions  

of t h e  Mono Cra ters .  Given t h e  well-documented d i s t r i b u t i o n  

of t h e  t e p h r a s  of 605 and 1245 c a l  BP,' it is inconceivable 

t h a t  Paoha, had it e x i s t e d  a t  t h e  t ime of these  erupt ions,  

could have escaped t h e  a s h f a l l s .  

J . i t t o r a 3  landformsandtheir= an of p- 

Islandand The d i s t r i b u t i o n  of c l i f f l i n e s  

and wave-cut t e r r a c e s  on t h e  Paoha Island-Complex i s  equal ly  

r evea l ing .  Around 1962 ( lake  l e v e l  =6394 f e e t )  a few of t h e  

islets began t o  p r o j e c t  above t h e  dec l in ing  l ake  su r face .  

A e r i a l  photos from 1964 show c l e a r l y  t h a t  t h e  newly-emergent 

i n d i v i d u a l s  displayed sharp, l i n e a r  c r e s t s  t h a t  had never 



before  been sub jec t ed  t o  p l ana t ion  by waves. By 1975, when 

t h e  l a k e  reached 6380 f e e t ,  t h e  islets numbered one dozen and 

covered over  2 4  acres, and i n  l a t e  December of 1981, a t  t h e  

t ime of t h e  H i s t o r i c  Low Stand of 6372 f e e t ,  t h e  number of 

i s l e t s  had inc reased  t o  23, wi th  a t o t a l  a r e a  exceeding 35 

acres. 

During t h i s  p e r i o d  of  d e c l i n i n g  l a k e  l e v e l s  waves 

s c u l p t e d  t h e  i s le ts  i n t o  'smooth, rounded, and i n  many cases 

s teep-s ided forms, wi th  f l a n k s  t h a t  descended t o  t h e  l a k e  

s u r f a c e  i n  a series of subdued s t e p s ,  each s t e p  corresponding 

i n  e l e v a t i o n  t o  a minor, v e r n a l  r i s e  of t h e  reced ing  l ake .  

The l a k e  t r a n s g r e s s i o n  t h a t  began i n  1982 r e s u l t e d  i n  

wholesale modi f ica t ion  of  t h e  Paoha I s l e t s .  Waves r a p i d l y  

b e a t  them back, c u t t i n g  a low-gradient p l a t fo rm t h a t  

t e rmina ted  a t  a v e r t i c a l  c l i f f  (Photo 3 4 ) .  By t h e  summer o f  

1986 t h e  r i s i n g  l a k e  had r e a t t a i n e d  an e l e v a t i o n  comparable 

t o  t h a t  of  1975; i s l e t  a r ea ,  however, had been reduced t o  

less than  h a l f  of  i ts  1975 va lue .  

It i s  c l e a r  from t h e s e  f i g u r e s ,  and from observa t ions  

made i n  1982, '83 ,  and '84 (S t ine ,  1984), t h a t  a rise i n  l a k e  

l e v e l  does no t  simply resubmerge islets composed of e a s i l y  

e r o d i b l e  sediment; r a t h e r ,  t h e  r i s i n g  l a k e  beve l s  t h e  islets 

a t  wa te r l i ne ,  t ransforming each one i n t o  a gen t ly - inc l ined  

ab ra s ion  p l a t fo rm.  Such i s l e t s  do no t  su rv ive  an ep isode  of 

resubmergence, and t h u s  cannot have been exposed p r i o r  t o  



t h e i r  emergence i n  1962. When considered i n  l i g h t  of t h e  

p r e - h i s t o r i c  l a k e  l e v e l  curve,  t h i s  l i n e  of reasoning  

i n d i c a t e s  t h a t  t h e  Paoha Islets could no t  have e x i s t e d  500 

y e a r s  ago du r ing  Navy Beach t ime .  

This  same conc lus ion  m u s t b e  drawn from obse rva t ions  

made by Un ive r s i t y  of ~ a i i f o r n i a  g e o l o g i s t s  i n  1966. I n  t h e  

summer of t h a t  year ,  when t h e  s u r f a c e  of Mono Lake  s tood  a t  

approximately 6388 f e e t ,  P ro fe s so r  Char les  G i l b e r t  and h i s  

s t u d e n t s  (Reed, 1972 ,  1977;.  La jo i e ,  1968; Chris tensen,  e t  

a1 ., 1969) found t h a t  Paoha I s l a n d  sediments newly exposed by 

t h e  a r t i f i c i a l l y - i n d u c e d  drop i n  l a k e  l e v e l  had r a p i d l y  

ox id i zed  t o  whi te ,  whi le  sediments below l a k e  l e v e l  remained 

b l ack  and unoxidized.  They reasoned t h a t  t h e  sediments on 

t h e  margin o f  Paoha I s l a n d  had never be fo re  been s u b a e r i a l l y  

exposed, and, consequently,  t h a t  t h e  l a k e  a t  t h e  t i m e  of  t h e  

v i s i t  was lower t h a n  a t  any t i m e  s i n c e  Paoha I s l a n d  came i n t o  I 

e x i s t e n c e .  As Reed (1972, 1977) pu t  it, nMono Lake is now a t  

i t s  lowest  l e v e l  s i n c e  u p l i f t  o f  Paoha Is land",  a conc lus ion  I 

i n  keeping w i t h  a post-500 BP d a t e  f o r  t h e  Paoha 

Island-Complex. 

La j o i e  (1968) and Reed (1972, 1977) a l s o  po in t ed  o u t  I 

t h a t ,  a t  a mid-1960s e l e v a t i o n  of -6395 feet, Paoha I s l a n d  

l acked  a submerged t e r r a c e ,  co r robora t ing  t h e i r  con ten t ion  I 

t h a t  t h e  i s l a n d  had never be fo re  seen l a k e  l e v e l s  as low a s  
I 

t h o s e  o f  modern t i m e .  R u s s e l l ' s  account, on t h e  o t h e r  hand, 



makes it c l e a r  t h a t  a t  t h e  time of h i s  v i s i t  i n  1883, when 

l ake  l e v e l  stood approximately 20 f e e t  higher than  t h a t  

witnessed b y  Lajoie  and Reed, a submerged t e r r a c e  d i d  e x i s t .  

On page 305 of h i s  monograph he s t a t e s  t h a t  t h i s  t e r r a c e  

extended lakeward t o  a depth of "about 12 feet1*, while on h i s  

bathymetric map t h e  t e r r a c e  i s  shown t o  extend t o  a depth of 

15 f e e t .  It may be concluded from t h e  Russel l  account t h a t  

i n  1883 t h e  t e r r a c e  extended lakeward t o  an e l eva t ion  

somewhere between 6395 f e e t  and 6398 feet--that is, very 

c l o s e  t o  t h e  l e v e l  of t h e  Pre-Historic Low Stand of roughly 

150-250 years  ago. 

It can thus  be i n f e r r e d  from evidence r e l a t e d  t o  pas t  

low s tands  of t h e  lake t h a t  Paoha Is land d id  not  e x i s t  500 

years  ago, but t h a t  it had come i n t o  exis tence  by t h e  time of 

t h e  Pre-Historic Low Stand some 150-250 years  ago. What 

conclusions can be drawn from evidence r e l a t e d  t o  p a s t  high 

s tands?  Photos 35 shows t h a t  i n  1930 t h e  lake,  a t  a l e v e l  of 

6420.7 feet, l a y  c lose  t o ,  and i n  f a c t  was i n  t h e  process  of 

receding from, an abrupt c l i f f l i n e .  Measurement of t h e  

c l i f f l i n e  a t  many po in t s  around t h e  i s l a n d  i n d i c a t e s  t h a t  it 

corresponds i n  e levat ion  with t h e  H i s t o r i c  High Stand (6428 

f e e t ) .  A s i m i l a r  photo taken i n  1982 shows t h e  broad, 

wave-cut platform t h a t  l i e s  below t h e  c l i f f l i n e .  That t h e  

c l i f f l i n e  was cu t  during t h e  lake t ransgress ion  of t h e  19th 



and e a r l y  20 th  c e n t u r i e s  i s  made ev iden t  i n  R u s s e l l ' s  account 

of 1883. H e  wrote t h a t  "wherever t h e  shore  of t h e  i s l a n d  i s  

composed of l a c u s t r a l  sediments a broad cu t - t e r r ace  has  been 

formed . . .", and t h a t  on t h e  e a s t  s i d e  of t h e  i s l a n d  t h e  

terrace t e r m i n a t e d  a g a i n s t  "bold b l u f f s ,  which are be ing  

e a t e n  away by t h e  wavesw.' (W.D. Johnson 's  shaded r e l i e f  map 

of t h e  Mono Basin, inc luded  a s  P l a t e  X I X  i n  R u s s e l l ' s  

monograph, shows t h i s  c l i f f  a t  many p o i n t s  around t h e  i s l a n d  

margin . )  It i s  ev iden t  from t h i s  account,  as w e l l  as from 

modern photographs (Photo 33c and 351, t h a t  between 1883 and 

1919 waves b e a t  R u s s e l l ' s  b l u f f s  is landward,  broadening t h e  

a b r a s i o n  p l a t fo rm a l l  t h e  way t o  t h e  l e v e l  of  t h e  H i s t o r i c  

High S tand .  

Note on t h e s e  photographs t h e  apparent  l ack  of  c l i f f l i n e s  

and a b r a s i o n  p l a t fo rms  above t h e  l e v e l  of t h e  H i s t o r i c  High 

S tand  (6428 f e e t )  . The absence of h igher  s t r a n d l i n e s ,  noted 

p r e v i o u s l y  by La jo i e  (1968) and Lee (1969), was v e r i f i e d  i n  

t h e  cou r se  o f  f i e l d  work on t h e  i s l a n d .  Having e s t a b l i s h e d  

t h e  l a t e  Holocene f l u c t u a t i o n s  of Mono Lake, it must be  

concluded t h a t  Paoha I s l a n d  was no t  i n  e x i s t e n c e  dur ing  

t h a t  it took  t h e  l a k e  t o  recede 'from t h e  Clover Ranch High 

S tand  (6456 f e e t )  t o  6428 f e e t .  

How long  would such a r eces s ion  r e q u i r e ?  This ,  of 

course ,  depends on t h e  hydroc l imat ic  cond i t i ons  t h a t  



charac te r i zed  post-Clover Ranch t ime. A reasonable minimum 

dura t ion  f o r  t h e  lake  dec l ine  can be derived by assuming t h a t  

hydrocl imatic  condi t ions during t h e  decades following t h e  

Clover Ranch High Stand were l e s s  severe those of t h e  most 

extreme and prolonged drought i n  t h e  h i s t o r i c  record--the 

"Dust Bowlw years  of 192471934, when inflow t o  Mono Lake was- 

only 72% t h a t  of modern times (pg. 46) .  Calculat ions using 

t h e  Vors ter  model (see pg, 360 and Appendix E) show t h a t  25 

years  o f  Dust-Bowl-like condi t ions would be requi red  f o r  t h e  

l ake  t o  f a l l  from 6456 f e e t  t o  6428 f e e t .  The absence of 

s t r a n d l i n e s  above 6428 f e e t ,  then, i n d i c a t e s  t h a t  i n  a l l  

l i k e l i h o o d  Paoha I s l and  broke t h e  sur face  of Mono Lake a t  

l e a s t  25 yea r s  a f t e r  290 c a l  BP--that i s ,  sometime a f t e r  1685 

AD. 

of the c o d e e  a d  c n n e s  panartheastern* AD 

1685 must be considered t h e  e a r l i e s t  reasonable d a t e  f o r  t h e  

emergence of Paoha Is land,  not  only because it assumes 

extreme and p e r s i s t e n t  drought condi t ions f o r  post-Clover 

Ranch time, bu t  because it presupposes t h a t  t h e  l ake  had 

dropped only  28 f e e t  below t h e  l e v e l  of t h e  Clover Ranch High 

Stand ( t h a t  is, from 6456 to 6428 f e e t )  a t  t h e  t i m e  t h e  

i s l a n d  emerged. I n  f a c t ,  however, I s r a e l  R u s s e l l m s  monograph 

of 1883, as w e l l  as t h e  t ephros t ra t ig raph ic  record, make it 

clear t h a t  t h e  formation of a t  l e a s t  one por t ion  of Paoha 

Island--the coulee and cones on i t s  nor theas tern  corner--was 



preceded by a s i g n i f i c a n t l y  g r e a t e r  drop i n  l a k e  l e v e l .  

R u s s e l l ' s  account  p rov ides  i n d i s p u t a b l e  evidence t h a t  i n  1883 

t h e  v o l c a n i c  f e a t u r e s  on t h e  no r theas t e rn  co rne r  of  t h e  

i s l a n d  l acked  s t r a n d l i n e s  a t  e l e v a t i o n s  h ighe r  t han  t h e  l a k e  

margin (-6411 feet i n  t h e  summer of t h a t  year )  . He wrote, 

f o r  i n s t a n c e ,  t h a t  t h e  l ava  coulee  "is not  covered wi th  

l a c u s t r a l  sediments,  and i s  without d e p o s i t s  of ca lcareous  

t u f a  . . . [It] descends i n t o  t h e  l a k e  without change of 

c h a r a c t e r ,  t h u s  i n d i c a t i n g  t h a t  t h e  s u r f a c e  of  t h e  water  a t  

t h e  t i m e  of format ion may have been lower t han  The 

a d j a c e n t  c i n d e r  cones, according t o  him, 

... do no t  c o n t a i n  l a c u s t r a l  sediments,  and are no t  
s co red  wi th  beach l i n e s  on t h e i r  o u t e r  s l o p e s .  The 
loose ,  incoheren t  n a t u r e  of t h e  m a t e r i a l  o f  which they  
are composed r ende r s  it ev iden t  t h a t  t hey  could no t  have 
wi ths tood  t h e  a c t i o n  of waves and c u r r e n t s  f o r  even a 
brief p e r i o d  without having evidence of t h e  fact 
i n s c r i b e d  upon them.. . [The c r a t e r s  t h u s ]  formed a f t e r  
t h e  l a k e  had fa l l en  a t  l e a s t - a s  low a s  a t  the  present 
t ime [emphasis added] . 

Examination o f  t h e  no r theas t e rn  co rne r  of  Paoha I s l a n d  

conf i rms R u s s e l 1 8 s  conten t ion  t h a t  t h e s e  v o l c a n i c  f e a t u r e s  

cannot resist l i t t o r a l  e ros ion .  The c inde r  cones, as w e l l  as 

t h e  l a v a  coulee ,  are today notched wi th  conspicuous t e r r a c e s  

a t  and below t h e  e l e v a t i o n  o f  t h e  H i s t o r i c  High Stand.  I 

R u s s e l l ' s  account ,  then ,  l eaves  no doubt t h a t  t h e  l a k e  had 

dropped from t h e  Clover Ranch High Stand (6456 f e e t )  t o  a . I 

l e v e l  below 6411 feet be fo re  t h e  v o l c a n i c  f e a t u r e s  on t h e  
I 

n o r t h e a s t e r n  co rne r  of Paoha I s l a n d  had formed. 



Tephrostrat igraphic  evidence confirms t h e  recency of t h e  

e rup t ive  cen te r s  on northeastern Paoha Is land.  Sedimentary 

s e c t i o n s  exposed a t  seve ra l  s i t e s  around t h e  l ake  include 

t h i n  l a y e r s  of ash  from t h e  Paoha cones.g (This ash  was 

r e f e r r e d  t o  as " d a c i t i c  tephra  A" i n ' t h e  above discussion 

concerning t h e  age of ~ e g i t  I s l and . )  The most i n s t r u c t i v e  

o f  t h e s e  sec t ions  a r e  found on L i t t l e  Norway (see  Figure 1 9  

and Photos 36a and b ) ,  aC:Navy Beach ( P l a t e  Sd, and Photos 

37a and b ) ,  and a t  South Tufa (P la te  Sc) ,  where up t o  e i g h t  

t h i n  l a y e r s  of d a c i t i c  ash  can be seen ly ing  high above t h e  

Mono Cra te r s  tephra  of 605 c a l  BP, and c lose  t o  t h e  

modern-day sur face .  

The sequence of sediments exposed i n  t h e  research  p i t  a t  

South Tufa i s  of p a r t i c u l a r  i n t e r e s t  because it can be used 

t o  de f ine  t h e  approximate su r face  e l eva t ion  of t h e  l ake  a t  

t h e  t ime t h e  erupt ions  occurred. Note on P l a t e  5c t h a t  t h e  

Paoha ashes are i n t e r c a l a t e d  within l i t t o r a l  sands deposi ted 

during t h e  l a t e s t  p re -h i s to r i c  lake  recession ( t h e  post-1660 

AD r e c e s s i o n ) .  One of t h e  ash  l aye r s ,  i n  f a c t ,  f i l l s  t h e  

t roughs of o s c i l l a t i o n  r i p p l e s  formed by wave-drag over t h e  

l i t t o r a l  sands. The occurrence of t h e  Paoha ash  i n  

a s s o c i a t i o n  with t h e  r ipp led  sands demonstrates t h a t  t h e  

t ephra  was deposited i n  shallow (<1 m?) water within t h e  

l i t t o r a l  zone of t h e  l ake .  The e leva t ion  of t h e  



t ephra - in te rca la ted  l i t t o r a l  sands i s  6393 f e e t ,  suggesting 

t h a t  t h e  l ake  s tood a t  approximately 6396 feet-- that  i s ,  near  

t h e  l e v e l  of t h e  Pre-Historic Low Stand--at t h e  t ime of t h e  

Paoha e rup t  ions .  lo 

The a v a i l a b l e  evidence thus  i n d i c a t e s  t h a t  t h e  i n t e r v a l  

of t ime t h a t  e lapsed between t h e  Clover Ranch High Stand (AD 

1660(?)) and t h e  volcanic  e rupt ions  t h a t  gave r i s e  t o  t h e  

c i n d e r  cones on t h e  nor theas tern  corner of Paoha I s l and  was 

of s u f f i c i e n t  dura t ion  t o  allow t h e  lake  t o  f a l l  

approximately 60 v e r t i c a l  feet--from an e leva t ion  of 6456 

f e e t  t o  roughly 6396 f e e t .  According t o  t h e  Vorster model, 

t h i s  d e c l i n e  i n  l ake  l e v e l ,  under hydroclimatic condi t ions 

such a s  p reva i l ed  during t h e  "Dust Bowln period, would 

r e q u i r e  approximately 63 years .  A reasonable lower l i m i t  on 

t h e  age of t h e  Paoha coulee and cones, the re fo re ,  i s  1723 AD 

(AD 1660 (? )  + 63) . 
It must be understood t h a t  t h e  d i f f e rence  between t h e  

lower cons t ra in ing  d a t e  on t h e  volcanics  of nor theas t  Paoha 

I s l a n d  (1723 AD) and t h a t  on t h e  main i s l a n d  mass (1685 AD) 

r e f l e c t s  t h e  na ture  of t h e  a v a i l a b l e  evidence, r a t h e r  than a 

r e a l  d i f f e r e n c e  i n  age. While I s r a e l  Russe l l ' s  account and 

t h e  t e p h r o s t r a t i g r a p h i c  record make it poss ib le  t o  say t h a t  

t h e  l a k e  had dropped t o  a l e v e l  approximately 60 f e e t  below 

t h e  Clover Ranch High Stand (6456 f e e t )  a t  t h e  time t h e  cones 

and coulee were formed, only a minimum amount of lake  dec l ine  



( t o  6428 feet)  can be de f ined  as preceding t h e  emergence of 

t h e  main i s l a n d  mass.ll The main i s l a n d  mass i s  

unquest ionably older than  t h e  cones and coulee  ( c inde r  from 

t h e  cones can be seen t o  o v e r l i e  t h e  main i s l a n d  mass a t  

dozens of  l o c a l i t i e s ) , _ b u t  t h e  a c t u a l  d i f f e r e n c e  i n  age  
@ 

between t h e  i s l a n d  t h e  t h e  earl iest  of t h e  cones might be a - 
m a t t e r  of  hours,  days, o r  weeks, r a t h e r  t han  decades, as t h e  

c o n s t r a i n i n g  d a t e s  suggest .  

: 

An upper l i m i t  on t h e  age of  t h e  northeast-Paoha 

v o l c a n i c s  can be def ined  on t h e  b a s i s  of  dendrochronological  

ev idence .  H e r e  again ,  it i s  necessary t o  d r a w  upon R u s s e l l v s  

account  from 1883: 

Among t h e  most r ecen t  c r a t e r s  [ i n  t h e  Mono Basin] are 
t h o s e  on Paoha I s l a n d  and t h e  one on t h e  sou th  sho re  o f  
t h e  l a k e  [i.e. Panum Cra t e r ] .  . . I n  each of t h e s e  
i n s t a n c e s  aged cedars  and p i n e s  are growing wi th in  t h e  
bowl formed by t h e  v i o l e n t l y  ejected l a p i l l i ,  t h u s  
prov ing  t h a t  t h e  c r a t e r s  could no t  have been t h e  s i t e  of  
an  e r u p t i o n  wi th in  a t  l e a s t  one hundred yea r sn .  

' A thorough sea rch  of t h e  Paoha cones i n  1986 and 1987 t u rned  

up t r a c e s  of only  one tree.12 This  specimen--a dead 

pine--grew on t h e  eas t - fac ing  inne r - c ra t e r  w a l l  of t h e  

l a r g e s t  of t h e  Paoha cones. It i s  stil l  s tanding ,  d e s p i t e  



ex tens ive  r o t t i n g  a t  i t s  base .  The t r e e ,  p i c t u r e d  i n  Photo 

37, was s ec t ioned  i n  o r d e r  t o  o b t a i n  a r ing-count.  

Unfor tuna te ly  it was a f f l i c t e d  wi th  hea r t - ro t ,  p rec lud ing  an 

a c c u r a t e  assessment of age a t  t h e  t ime of dea th .  

Without knowing t h e  year  of  dea th  it i s  impossible  t o  

determine when t h e  t ree was e s t a b l i s h e d  (and t h u s  provide an 

a c c u r a t e  upper c o n s t r a i n i n g  age  on t h e  Paoha cones ) .  It may 

be p o s s i b l e  i n  t h e  f u t u r e  $0 cross-check t h e  sequence of t h i s  

t r e e ' s  annual  r i n g s  wi th  t h a t  from t h e  l i v i n g ,  -350-year-old 

pinyon p i n e  growing on t h e  East-Negit Dome, and t h u s  d e r i v e  

an e s t i m a t e  o f  t h e  d a t e  of  es tab l i shment .  For now, however, 

it i s  p o s s i b l e  on ly  t o  t r u s t  R u s s e l l ' s  age e s t i m a t e  of " a t  

l e a s t  100 years" ,  and conclude t e n t a t i v e l y  t h a t  t h e  Paoha 

cones were i n  e x i s t e n c e  by a t  l e a s t  a cen tury  be fo re  h i s  

exped i t i on  of  1883. This ,  t o g e t h e r  wi th  t h e  

t e p h r o s t r a t i g r a p h i c  and geomorphic evidence c i t e d  above, 

a rgues  t h a t  t h e  Paoha cones formed sometime wi th in  t h e  

s ix ty-year  i n t e r v a l  1723-1783 AD. Since t h e  cones can be 

shown t o  be younger t han  t h e  main i s l a n d  mass ( s e e  above),  

R u s s e l l ' s  "aged p ine"  prov ides  an upper c o n s t r a i n i n g  d a t e  no t  

on ly  on t h e  n o r t h e a s t e r n  vo lcan ics ,  b u t  on t h e  rest o f  t h e  

i s l a n d  as we l l .  

The presence  o r  absence of known geomorphic, 



tephrochronologic, and dendrochronologic "time linesn, in 

combination with assumptions about the behavior of the lake 

in pre-historic time, can be used to constrain the age of 

Paoha Island and the Paoha Islets. These constraints, and 

their relevance to dating the Paoha Island-Complex, are 

summarized below: 

--The i s l a n d  l acks  a mantle of tephra from recent  e rup t ions  of t h e  Mono 
I . .  

Craters ,  i n d i c a t i n g  t h a t  it d i d  not  e x i s t  a t  605 c a l  BP. 

--The i s l a n d  l acks  s t r a n d l i n e s  below those  c u t  i n  modern times; t h i s ,  

toge the r  with t h e  i n a b i l i l t y  of t h e  exposed islets t o  survive  a 

l a k e  t ransgress ion,  i n d i c a t e s  t h a t  t h e  island-complex did not  

e x i s t  a t  t h e  time of t h e  lowstand of -500 BP. 

--The i s l a n d  l acks  s t r a n d l i n e s  above an e leva t ion  of 6428 f e e t ,  

ind ica t ing  t h a t  it d i d  not  e x i s t  a t  t h e  time of t h e  Clover Ranch 

High Stand (AD 1 6 6 0 ( ? ) ) ,  nor during t h e  years  t h a t  it took t h e  

l a k e  t o  dec l ine  from t h a t  high s t a n d  (6456 f e e t )  t o  6428 feet. 

According t o  t h e  Vorster  model, i f  t h e  hydroclimatic condi t ions  

t h a t  p reva i l ed  during t h e  decades- following t h e  Clover Ranch High 

Stand w e r e  less extreme than those  of t h e  per iod 1924-34, a s  

seems l i k e l y ,  t h i s  dec l ine  i n  l ake  l e v e l  required  more than 25 

years .  Thus, t h e  i s l a n d  must have emerged sometime a f t e r  AD 

1685. 

--In 1883, when I s r a e l  Russel l  v i s t e d  Paoha, t h e  coulee and cones on 

t h e  i s l a n d ' s  nor theas tern  corner lacked s t r a n d l i n e s  a t  e l e v a t i o n s  

h igher  than  t h e  1883 shore l ine  (6410 f e e t ) .  This i n d i c a t e s  t h a t  

t h e  coulee and cones d i d  not e x i s t  a t  t h e  t h e  of t h e  Clover 

Ranch High Stand, nor during t h e  years  t h a t  it took t h e  l a k e  

su r face  t o  dec l ine  from t h a t  l e v e l  (6456 f e e t )  t o  6410 feet. 

--The i s l a n d  e x i s t e d  a t  t h e  t i m e  of t h e  Pre-Historic Low Stand 

(sometime between 150-250 years ago),  a s  evidenced by t h e  



e x i s t e n c e  of t h e  submerged t e r r a c e  descr ibed by Russe l l  i n  1883. 

--Tephrochronologic evidence i n d i c a t e s  t h a t  t h e  l a k e  s tood  very c l o s e  

t o  its Pre-Historic  Low Stand (6396 f e e t )  a t  t h e  t ime t h e  Paoha 

cones were formed. Assuming t h a t  t h e  hydroclimatic cond i t ions  

. t h a t  p reva i l ed  dur ing t h e  decades fol lowing t h e  Clover Ranch High 

Stand w e r e  less extreme than those  of t h e  pe r iod  1924-34, t h e  

d e c l i n e  i n  l a k e  l e v e l  must hav.e r equ i red  more than 63 years .  

Thus, t h e  e rup t ion  of t n e  coulee  and cones on nor theas t  Paoha i n  

a l l  p r o b a b i l i t y  formed sometime a f t e r  1723 AD. 

--Based on h i s  e s t ima te  of t h e  age of a  tree growing i n  t h e  cones on 

nor theas te rn  Paoha Is land,  I s r a e l  Russe l l  concluded i n  1883 t h a t  

t h e  i s l a n d  was more than  100 yea r s  o ld .  This  tree has  been 

l o c a t e d  and sec t ioned;  f u t u r e  d e t a i l e d  a n a l y s i s  of t h e  sample 

may provide a more p r e c i s e  e s t ima te  of t h e  upper cons t ra in ing  age 

of Paoha Is land.  

t v  - in t h e  aae of Cl- StStand: 

a c a v m .  A s  mentioned e a r l i e r  (pg. 281), and as d i scussed  

i n  more d e t a i l  on i n  Chapter  6, t h e r e  i s  reason t o  suspec t  

t h a t  t h e  Clover Ranch High Stand,  da t ed  on t h e  b a s i s  of two 

radiocarbon a s s a y s  a t  1660 AD, may have a c t u a l l y  occurred 

around 1600 AD. To t h e  e x t e n t  t h a t  t h i s  e a r l i e r  d a t e  i s  t h e  

c o r r e c t  one, t h e  lower c o n s t r a i n i n g  age of  AD 1723 on Paoha 

I s l a n d  must be  pushed back approximately s i x  decades.  

Aae of -fsland: h-. Given 

t h e  s t r a t i g r a p h i c  p o s i t i o n  of t h e  Paoha ashes ,  and t h e  l a c k  

of  high-s tanding s h o r e l i n e s  on t h e  coulee  and cones, it i s  

i n c o n t e s t a b l e  t h a t  t h e s e  vo lcan ic  f e a t u r e s  of  n o r t h e a s t e r n  

Paoha I s l a n d  post-date  by many decades t h e  Clover Ranch High 



Stand.  That  t h e  e n t i r e  i s l a n d  emerged i n  post-Clover Ranch 

t i m e ,  however, cannot be  proven with  a b s o l u t e  s u r e t y .  It is 

conce ivab le  t h a t  t h e  i s l a n d  has  been a f e a t u r e  of  Mono Lake 

f o r  many hundreds o r  thousands of years ,  and t h a t  t h e  

e x i s t i n g  t ime  l i n e s  were, one and a l l ,  u t t e r l y  and completely 

erased from t h e  e n t i r e  i s l a n d  by g r a v i t y  s l i d i n g  induced by 

ear thquakes  a s s o c i a t e d  wi th  t h e  northeast-Paoha eruptions.13 

This  p o s s i b i l i t y  seems unUkely ,  however, s i n c e  t h e  most 

r e c e n t  of  t h e  t i m e  l i n e s  ( t h e  Clover Ranch s t r a n d l i n e )  i s  

absen t  n o t  on ly  from t h o s e  p o r t i o n s  of  t h e  i s l a n d  s u b j e c t  t o  

s l i d i n g ,  b u t  from a r e a s  which have c l e a r l y  no t  been s o  

a f f e c t e d  ( i .e .  t h e  l a r g e  a r e a s  of outcropping r h y o l i t e  and 

rhyodac i t e  t h a t  occur  on t h e  nor thern  and e a s t e r n  s i d e s  of 

t h e  i s l a n d ) .  I n  o t h e r  words, had Paoha e x i s t e d  a t  t h e  t ime 

of t h e  Clover Ranch High Stand, and t h e  e n t i r e  o u t e r  s h e l l  of 

l a c u s t r i n e  sediment on t h e  i s l a n d  w a s  shed dur ing  t h e  

v o l c a n i c  a c t i v i t y  a s s o c i a t e d  wi th  t h e  formation of  t h e  

n o r t h e a s t e r n  coulee  and cones, one would sti l l  expect  t o  f i n d  

s t r a n d e d  s h o r e l i n e s  on t h o s e  p o r t i o n s  of  t h e  i s l a n d  margin 

t h a t  are composed of bedrock. (These p o r t i o n s  of t h e  i s l a n d  

are today  e t ched  with  a prominant s h o r e l i n e  a t  t h e  e l e v a t i o n  

o f  t h e  H i s t o r i c  High Stand bu t ,  as noted prev ious ly ,  l a c k  

h i g h e r  s t r a n d l i n e s . )  Furthermore, Scho l l  and h i s  co-workers 

(1967) a rgue  t h a t  t h e  major ep isodes  of g r a v i t y  s l i d i n g  from 

Paoha I s l a n d  probably occurred dur ing,  r a t h e r  t h a n  a f t e r ,  t h e  



proces s  o f  i s l a n d  bu i ld ing .  They reason t h a t  s l i d i n g  would 

have been f avo red  as t h e  i s l a n d  broke t h e  s u r f a c e  of  t h e  

l ake ,  s i n c e  "a c o n s t a n t l y  i n c r e a s i n g  unbuoyed l o a d  would be  

p l aced  upon t h e  submerged p o r t i o n s  of t h e  sedimentary s e c t i o n  

as t h e  i s l a n d  emerged." I n  l i g h t  of  t h e  absence o f  

s t r a n d l i n e s  above t h e  H i s t o r i c  High Stand on bo th  bedrock and 

sedimentary p o r t i o n s  of Paoha I s l and ,  and given t h e  

u n l i k e l i h o o d  t h a t  g r a v i t y  s l i d i n g  has  e f f e c t e d  t h e  e n t i r e  

i s l a n d  s i n c e  t h e  t ime  it was formed, t h e  p o s s i b i l i t y  t h a t  t h e  

i s l a n d  e x i s t e d  a t  t h e  t i m e  of t h e  Clover Ranch High Stand 

must be cons ide red  remote. 

E v e n t s  of AD 1859 and l w  

S e v e r a l  accounts  from 1 9 t h  cen tury  newspapers suggest  

t h a t  v o l c a n i c  e r u p t i o n s  have occurred h i s t o r i c a l l y  i n  t h e  

Mono Basin.  Two of  t h e s e  r e p o r t s  concern t h e  Mono Is lands .14 

The e a r l i e s t  of t h e  two i s  found i n  t h e  February 26, 1881 

e d i t i o n  of  t h e  Bodie U v  F r e e  P r e ~ .  It inc ludes  t h i s  

d e s c r i p t i o n  o f  Negi t  I s l and :  

On t h e  i s l a n d  of t h e  second magnitude [Negi t ]  i s  a  
v o l c a n i c  crater. . .  Twenty-two yea r s  ago t h i s  volcano was 
i n  a c t i v e  e rup t ion ,  throwing up b o i l i n g  water,  mud, and 
j e t s  o f  steam t o  a he igh t  of 20 f e e t  o r  more above t h e  
crater. 

Any m a t e r i a l  t h a t  might have been expe l l ed  dur ing  an e r u p t i o n  

i n  1859 i s  n o t  r e a d i l y  d i s t i n g u i s h a b l e  from ejecta a s s o c i a t e d  



with  t h e  Negit  e r u p t i o n  of approximately 270 y r s .  BP (see 

above) .  F i e l d  evidence of  a mid-19th cen tu ry  e r u p t i o n  i s  

t h u s  inconc lus ive .  C e r t a i n l y  t h e  Negit  Cone is capable  of 

a c t i v i t y  such as t h a t  desc r ibed  i n  t h e  W v  Free P r a ,  b u t  

t h e  f a c t  t h a t  t h e  p u t a t i v e  e rup t ion  i s  n o t  mentioned by 

members of  t h e  Whitney ~ e o l o g i c a l  Survey, who v i s i t e d  t h e  . 

b a s i n  w i th in  f o u r  yea r s  of  i t s  supposed occurrence,  o r  by 

Joseph LeConte, who s t u d i e d  ,-. t h e  volcanoes ( i nc lud ing  t h e  

i s l a n d s )  of  t h e  Mono ~ a i i n  and in te rv iewed b a s i n  r e s i d e n t s  

dur ing  t h e  1870s, makes t h e  account suspec t .  That t h e  r e p o r t  

r e p r e s e n t s  a p loy  by l o c a l  commercial i n t e r e s t s  t o  l u r e  

s i g h t s e e r s  t o  t h e  Mono Basin must be considered a 

p o s s i b i l i t y .  

Considerably more a t t e n t i o n  has  been given t o  t h e  

fo l lowing  a r t i c l e  from t h e  Hamer of  Lundy, Mono 

County : 

1890. August 23; Mono Lake-- 
Remarkable ear thquake a t  Mono.-- The sou thern  end of  
Mono Lake w a s  cons iderab ly  a g i t a t e d  l a s t  Sunday, and 
dwe l l e r s  i n  t h a t  shaky l o c a l i t y  were much per turbed .  
Steam was i s s u i n g  f r o m t h e  l a k e  as f a r  as could be seen,  
i n  sudden p u f f s ,  and t h e  water  w a s  b o i l i n g  f i e r c e l y ,  
whi le  high waves r o l l e d  upon t h e  beach and reced ing  l e f t  
t h e  sand smoking. I n  a moment t h e  a i r  w a s  t h i c k  wi th  
b l i n d i n g  ho t  sulphurous vapor, and sub te r raneous  moans 
and rumblings made t h e  wi tness  t h i n k  t h a t  t h e  d e v i l  was 
ho ld ing  h igh  c a r n i v a l  down below. The fences  wobbled up 
and down and sideways. 

Th i s  a p p a l l i n g  f r a c a s  l a s t e d  about two minutes. Then 
came a b l e s s e d  q u i e t  f o r  a moment, fol lowed by a sudden 
t w i t c h  of t h e  e a r t h ,  a s  a horse  j e r k s  h i s  h ide  and 
d i s l o d g e s  a bothersome f l y .  The shock threw men and 
animals  o f f  t h e i r  f e e t  wi th  b r u i s i n g  v io lence .  



It was some hours  be fo re  t h e  l a k e  ceased t o  emit  
columns of  steam and t h e  water  became very h o t .  Two 
s p r i n g s  nea r  t h e  house, long no ted  f o r  t h e  co ldness  and 
p u r i t y  of t h e i r  water ,  changed t h e i r  c h a r a c t e r  and 
spouted ho t  mud f o r  two days, when t h e y  flowed c o l d  
water aga in .  A s t a c k  of 200 t o n s  of  hay was moved 70 
f e e t  sou th  wi thout  d i s a r r ang ing  it [Quoted from Holden, 
18981. 

Holden, who brought t h i s  a r t i c l e  t o  t h e  a t t e n t i o n  of  
I) 

e a r t h  s c i e n t i s t s  i n  h i s  Cajzlnaue of Ea- of t k  

c Coast:  1769 laqZ - (1898),  c l a s s i f i e d  t h e  quake a s  I 

"extremely severe t t .  Seve ra l  subsequent workers (Toppozada e t  

dl., 1981) cons ide r  it t o  be an exaggerated d e s c r i p t i o n  of a I 

"smal l  l o c a l  event".15 They po in t  o u t  t h a t  t h e  shock was not  

r e p o r t e d  i n  t h e  newspapers of neighboring communities (e .g .  

Bishop, Bridgeport ,  Mariposa, o r  Hawthorne). Other 

i n v e s t i g a t o r s  accep t  t h e  v e r a c i t y  of  t h e  account,  and 

i n t e r p r e t  it t o  i n d i c a t e  t h a t  i n  August of 1890 Mono Lake 

exper ienced a s u b l a c u s t r i n e  vo lcan ic  explos ion  (Kilbourne e t  

a l . ,  1980; Chr i s tensen  and Gilbert, 1964; Chesterman, 1971) . 
Kilbourne and o t h e r s  (1980), i n  fact, argue t h a t  t h e  absence 

of newspaper accounts  from neighboring communities p o i n t s  t o  

a h i g h l y  l o c a l  event  of  t h e  t y p e  t h a t  one should expect  from 

a volcan ica l ly - induced  ear thquake.  

There is  l i t t l e  ques t ion  t h a t  p o r t i o n s  of the KPmeL 

a r t i c l e  are exaggerated ( e .g .  t h e  purpor ted  

movement of h a y ) .  Whether t h e  e n t i r e  account i s  a 

f a b r i c a t i o n  must a t  p r e sen t  be  l e f t  t o  con jec tu re .  It  i s  



i n t e r e s t i n g  t o  po in t  out ,  however, t h a t  t h e r e  i s  f i e l d  

evidence t h a t  suggests  t h e  p o s s i b i l i t y  of a volcanic  e rupt ion  

on Paoha I s l and  sometime a f t e r  t h e  Russel l  expedi t ion of 

1883. Russe l l  wrote t h a t  t h e  northeast-Paoha coulee i s  "of 

l a t e r  d a t e  than t h e  l a p i l l i  c r a t e r s  a t  hand, a s  i t s  s u r f a c e  

i s  e n t i r e l y  free from t h e . , d e b r i s  showered on t h e  i s l a n d  when - 
t h e  c r a t e r s  were formed [emphasis added]". This observation 

does not  hold t r u e  today.,., I n  Ju ly  of 1984 t h e  w r i t e r ,  i n  t h e  

company of Professor  Spencer Wood of Boise S t a t e  University,  

v i s i t e d  Paoha Is land.  Both observers were s t ruck  with t h e  

f a c t  t h a t  most of t h e  coulee i s  today unmistakably peppered 

wi th  t ephra  from t h e  Paoha cones. I f  t h e  coulee was i n  f a c t  

f r e e  of  l a p i l l i  i n  1883, as Russel l  s t a t e s ,  it must be 

concluded t h a t  sometime a f t e r  t h a t  year (perhaps during t h e  

reputed  event of August, 1890) a volcanic  e rupt ion  involving 

one o r  more of t h e  Paoha cones showered it with tephra.  

Evolution of t h e  i s l a n d s  has  a f f e c t e d  t h e  morphometry of 

t h e  Mono Lake Basin, a l t e r i n g  t h e  r e l a t i o n s h i p  between l ake  

l e v e l ,  l a k e  su r face  area,  and lake  volume.16 Most 

i s land-bui ld ing  events  had only an i n s i g n i f i c a n t  a f f e c t  on 

t h e s e  r e l a t i o n s h i p s .  The t o t a l i t y  of Negit Is land,  f o r  

ins tance ,  covers on t h e  order  of only 200 acres--roughly t h e  

same acreage t h a t  t h e  lake  surface gains  o r  l o s e s  due t o  a 



.L 

change i n  s u r f a c e  e l e v a t i o n  o f  one f o o t .  Given t h a t  t h e  

a c c u r a c y  of t h e  l a k e  l e v e l  cu rve  i s  a t  best 21 f o o t ,  
I 

morphometric  changes  a s s o c i a t e d  w i t h  t h e  fo rmat ion  o f  Negi t  

I s l a n d  and  t h e  N e g i t  Islets can r e a s o n a b l y  b e  i g n o r e d .  Paoha - 
I s l a n d ,  on t h e  o t h e r  hand, h a s . h i s t o r i c a l l y  covered  up  t o  

2200 acres. Note on F i g u r e  20, which compares t h e  l a k e ' s  

s t a g e / v o l u m e / a r e a  r e l a t i o n s h i p s  i n  p re -  and post-Paoha t i m e s ,  

t h a t  t h e  emergence o f  t h e  i s l a n d  h a s  changed t h e  s u r f a c e  

e l e v a t i o n  p e r  g i v e n  s u r f a c e , a r e a  by as much a s  seven feet .  

Morphometric d i f f e r e n c e s  o f  t h i s  magnitude must be t a k e n  i n t o  

c o n s i d e r a t i o n  when c a l c u l a t i n g  t h e  in f low c o n d i t i o n s  

r e s p o n s i b l e  f o r  p a s t  f l u c t u a t i o n s  o f  t h e  l a k e .  I n  t h e  

f o l l o w i n g  c h a p t e r ,  t h e r e f o r e ,  pre-Paoha morphometry w i l l  be 

u s e d  t o  c a l c u l a t e  p a l e o h y d r o c l i m a t i c  c o n d i t i o n s  f o r  a l l  l a k e  

f l u c t u a t i o n s  up  t o  and i n c l u d i n g  t h e  P r e - H i s t o r i c  Low Stand;  

post-Paoha morphometric c o n d i t i o n s  w i l l  be employed f o r  t h e  

remainder  o f  t h e  curve .  





Footnotes 4 

Mark Twain was appa ren t ly  i n  t h e  Mono Basin j u s t  one week - 
ahead of  t h e  Whitney p a r t y .  Fasc ina ted  by t h e  a c t i v e  
fumaroles  on t h e  east s i d e  of Paoha, he commented t h a t  t h e  
i s l a n d  s t i l l  had "some f i r e  l e f t  i n  i t s  fu rnacesn  (Twain, 
1972) .  See Footnote  13 below. e 

2 R u s s e l l  g i v e s  a c o n f l i c t i n g  a p p r a i s a l  of t h e  age  of  t h e  
i s l a n d s .  On page 375, f o r  i n s t a n c e ,  he wrote t h a t  " [Negit - 0 

I s l a n d ]  i s  without  l a c u s t r a l  d e p o s i t s  and was formed 
subsequent  t o  t h e  l as t  high-water s t a g e  of  the l a k e w .  He 
c o n t r a d i c t s  h imself  on page 300, however, by s t a t i n g  t h a t  IL 

d u r i n g  t h e  P l e i s t o c e n e  " the  p r e s e n t  i s l a n d s  of t h e  l a k e  were 
deep ly  submerged." 

On two occas ions  g e o l o g i s t s  who accompanied me i n  t h e  field I 

were s t r u c k  wi th  t h e  abras ion-pla t form-l ike  appearance of  
t h e s e  broad s t e p s .  Thinking them a t  first t o  b e  wave-cut, 
t h e y  concluded t h a t  Paoha I s l a n d  must have been h o i s t e d  t o  I 

i t s  p r e s e n t  p o s i t i o n  i n  a series of  s e p a r a t e  upheavals .  
These s t e p s ,  however, are c l e a r l y  no t  wave-cut, b u t  r a t h e r  
are s t r u c t u r a l  f e a t u r e s  t h a t  conform t o  t h e  bedding p l anes  of 
t h e  l a c u s t r i n e  sediments t h a t  make up t h e  i s l a n d .  The st-s r. 

s l o p e  e a s t  when t h e  under ly ing  sedimentary beds d i p  e a s t ,  
west when t h e  beds  d i p  w e s t ,  and undula te  when t h e  beds 
undu la t e .  I 

The r e l a t i o n s h i p  between t h e  vo lcan ic s  and t h e  l a c u s t r i m  
sediments  on Paoha I s l a n d  has  been i n t e r p r e t e d  i n  two IL. 

opposing ways. LeConte (1879) observed on t h e  e a s t e r n  si& 
of t h e  i s l a n d  t h a t  "where t h e  diatomaceous e a r t h  comes i n  
c o n t a c t  w i t h  t h e  b a s a l t  [ s i c ] ,  t h e  former always o v e r l i e s  t h e  
l a t t e r  i n  undis turbed  h o r i z o n t a l  l a y e r s .  I conclude, - 
t h e r e f o r e ,  t h a t  t h e  b a s a l t  [ s i c ]  preceded t h e  format ion of 
t h e  diatomaceous mud, was once e n t i r e l y  covered by t h e  - 

l a t t e r ,  and was subsequent ly  exposed by e r o s i ~ n . ~  This  L 

i n t e r p r e t a t i o n  w a s  echoed by R u s s e l l  (18891, who no ted  t h a t  
on t h e  n o r t h  s i d e  of  t h e  i s l a n d  t h e  l a k e  sediments narc 
r e s t i n g  on t h e  a n d e s i t e  [ s i c l  ... showing that t h i s  o u t f l m  
preceded t h e  l a s t  high-water s t a g e  of t h e  lake ."  La jo i e  
(1968),  on t h e  o t h e r  hand, wrote t h a t  "The Wilson Creek 
Formation [on t h e  nor thern  end of Paoha I s l a n d ]  does no t  
o v e r l i e  t h e  v o l c a n i c  m a t e r i a l  i n  a  r e g u l a r  f a sh ion ,  b u t  
r a t h e r  Occurs i n  randomly o r i e n t e d  and con to r t ed  beds 
i n d i c a t i n g  t h a t  t h i s  l a c u s t r i n e  d e p o s i t  was i n t ruded  and 
u p l i f t e d  by t h e  vo lcan ic  plug a f t e r  depos i t i on . "  My two , 

a t t e m p t s  t o  r e s o l v e  t h i s  ma t t e r  were f o i l e d  by a t h i c k  cover  



of snow. 

5 Russe l l  interviewed n a t i v e  and non-native r e s i d e n t s  as p a r t  
of s tudy of t h e  Quaternary of t h e  Mono Basin. H e  used 
information gained i n  t h e  course of t h e  d iscuss ions  t o  name 
Paoha (Mono f o r  "diminutive s p i r i t s  having long, wavy h a i r ,  
t h a t  a r e  sometimes seen i n  t h e  vapor wreaths ascending fom 
h o t  sp r ings" ) ,  Panum (Mono f o r  "a lake") ,  and Negit (Mono f o r  
"blue-winged goosen) .  He attempted t o  i l luminate  t h e  h i s t o r y  
of t h e  young volcanoes i n  t h e  basin with information gained 
from Indian legends, but  concluded t h a t  "the t r a d i t i o n s  of 
t h e  abor ig ines  a r e  s i1ent"concerning themn. 

The only t r e e  of any s i z e  on Negit Is land,  a pinyon p ine  
( m s  rn- t h a t  grows on t h e  inner  f lank  of t h e  
crater r i m  on East-Negit,Do.me, was cored a t  waist  he ight  t o  
determine i t s  age. The core, which seems t o  include t h e  
innermost r i n g  of t h e  t r e e ,  proved t o  have approximately 345 
annual r i n g s .  Growing as it does on a  f e a t u r e  over l a in  by 
t h e  605 cal BP Mono Cra te r s  ash, t h e  t r e e  adds nothing t o  an 
understanding of t h e  age of t h e  i s l and .  

7 Isopach analyses  by Sieh and Bursick (1986) i n d i c a t e  t h a t  
between 350 and 550 mrn of ash f e l l  i n  t h e  region p resen t ly  
occupied by  Paoha I s l and  during t h e  most recent  e rupt ion  of 
t h e  Mono Cra ters .  The 1245 c a l  BP Mono Cra ters  ash of Wood 
(1977) i s  found widely around t h e  lake,  and on Negit I s land .  

8 A photograph of t h e  coulee taken by Russel l  i n  1883 is  
a v a i l a b l e  a t  t h e  USGS archives  i n  Denver (Russel l  Photo 6 6 ) .  
Though t h e  coulee was a t  a  considerable d i s t ance  from t h e  
camera, t h e  p i c t u r e  seems t o  confirm t h e  absence of 
s t r a n d l i n e s  above t h e  l ake  margin. 

9 The d a c i t i c  ashes encountered i n  sec t ions  around t h e  Mono 
shore lands  a r e  s i m i l a r  chemically t o  t h e  Paoha cinder  cones, 
as w e l l  a s  t o  seve ra l  of t h e  d i f f e r e n t  d a c i t e s  on Negit 
I s l a n d .  Because t h e  a sh  i s  f a r  t h i c k e r  on Paoha I s l and  than  
it is on Negit, and because t h e  Paoha cones seem a more 
l i k e l y  source than t h e  vents  on Negit, it i s  concluded t h a t  
t h e  ashes  were der ived from Paoha Is land.  

10 In  t h e  p i t  a t  Navy Beach a t  6381 f e e t ,  t h e  Paoha ashes a r e  
i n t e r c a l a t e d  i n  biogenic  clay,  ind ica t ing  t h a t  a t  t h e  t ime of 
t h e  e rup t ions  t h e  lake  stood above -6384 f e e t ;  a t  both Navy 
Beach and South Tufa t h e  Paoha ashes cannot be found i n  
sedimentary sec t ions  above 6397 f e e t ,  presumably because they  
f e l l  on land, and were r e w ~ r k e d  either by wind, or  by waves 
and l i t t o r a l  cu r ren t s  as t h e  lake rose  i n  immediately 



p r e - h i s t o r i c ,  and e a r l i e s t  h i s t o r i c ,  t imes .  mh 

11 While R u s s e l l  w a s  e x p l i c i t  about t h e  absence of  s t r a n d l i n e s  
on t h e  Paoha cones and coulee ,  he s a i d  no th ing  about e i t h e r  1 

t h e i r  p resence  o r  absence on t h e  main i s l a n d  mass. It  i s  
p o s s i b l e  t h a t  i n  1883 t h e  main i s l a n d  mass was r inged  with  
s t r a n d l i n e s  w i t h i n  t h e  e l e v a t i o n  range 6410-6428 f e e t ,  and 

L t h a t  t h e s e  f e a t u r e s  were undercut  and des t royed  by waves a s  
t h e  l a k e  r o s e  toward t h e  H i s t o r i c  High Stand.  But given a )  
R u s s e l l ' s  e x p l i c i t  s t a t emen t s  concerning t h e  absence of  
s t r a n d e d  s h o r e l i n e s  on t h e  Paoha coulee  and c i n d e r  cones, b) 
t h e  f a c t  t h a t  he d i d  observe and d i s c u s s  t h e  s h o r e l i n e s  t h a t  
s t o o d  above t h e  1883 l a k e  margin on Negit I s l and ,  and c) t h a t  
any s t r a n d e d  s h o r e l i n e s  t h a t  might have e x i s t e d  on t h e  s o f t  
l a c u s t r i n e  sediments  t h a t  make up most of Paoha I s l a n d  would 
have been h i g h l y  conspicuous, it seems l i k e l y  t h a t  Russe l l  
would have desc r ibed  any h i g h e r ' s h o r e l i n e s  on Paoha and 
d i s c u s s e d  t h e i r  s i g n i f i c a n c e  i n  r e l a t i o n  t o  t h e  age o f  t h e  
i s l a n d .  A case can t h u s  be made t h a t  t h e r e  were no s t r anded  
s h o r e l i n e s  on Paoha I s l a n d  a t  t h e  t i m e  of  t h e  R u s s e l l  
exped i t i on ,  and, t h e r e f o r e ,  t h a t  t h e  l a k e  had dec l ined  from 
t h e  Clover  Ranch High Stand t o  an e l e v a t i o n  somewhat below 
6410 feet a t  t h e  t ime  Paoha I s l a n d  broke t h e  s u r f a c e  of t h e  
l a k e .  This ,  of course ,  would mean t h a t  t h e  emergence of  t h e  
main i s l a n d  and t h e  formation of  t h e  no r theas t e rn  coulee  and 
cones were s e p a r a t e d  by a much sma l l e r  i n t e r v a l  of  t ime  t h a n  
i s  sugges t ed  by t h e  d a t e s  of 1685 and 1723 AD. Without 
i n c o n t e s t a b l e  s t a t emen t s  by Russe l l  o r  o t h e r  obse rve r s  
concerning s t r a n d e d  s h o r e l i n e s  on Paoha, however, 1685 must 
remain t h e  lower c o n s t r a i n i n g  d a t e  on t h e  emergence of t h e  
main i s l a n d  mass. 

12 R u s s e l l ' s  Paoha I s l a n d  p i n e  i s  no t  t o  be confused wi th  t h e  
p i n e  t ree d e s c r i b e d  by Mark Twain dur ing  h i s  v i s i t  t o  t h e  
i s l a n d  i n  1863. Twain found what he  i n c o r r e c t l y  be l i eved  t o  
be  " the  on ly  t r e e  on t h e  i s l a n d "  growing nea r  t h e  fumaroles 
on t h e  knob of  rhyodac i te  above Hot Spr ings  Cove. The t r e e ,  
acco rd ing  t o  him, was "a smal l  p ine  of most g r a c e f u l  shape 
and a lmost  f a u l t l e s s  symmetry; i t s  c o l o r  was a b r i l l i a n t  
g reen ,  f o r  t h e  steam [emanating from one of t h e  nearby 
fumaroles]  d r i f t e d  unceasingly  through i t s  branches and kep t  
them always mois t ."  I n  1983, dur ing  my f irst  t r i p  t o  t h e  
i s l a n d ,  I found t h e  t opp led  remains of f o u r  dead p i n e s  t h a t  
had grown amongst t h e  fumaroles.  According t o  Keenan Lee 
(1969) two of  t h e  p ines  were a l i v e  dur ing  t h e  l a t e  1960s. 
David Gaines (persona l  communication, 1987) observed t h a t  
t h e s e  two t r e e s  ( a  j e f f r e ~  p ine  and a pinyon p i n e )  were 
"ba re ly  l i v i n g w  i n  t h e  e a r l y  summer of 1976. They t h u s  d i e d  
between 1976 and 1983. 



These p i n e s  were sec t ioned  t o  determine t h e i r  age a t  t h e  
time o f  dea th ;  t h e  o l d e s t  tree s u f f e r e d  h e a r t  r o t ,  t h u s  
p rec lud ing  an  a c c u r a t e  r i n g  count .  An estimate of  t h e  age of 
t h i s  tree w a s  made by e x t r a p o l a t i n g  from t h e  innermost  
e x i s t i n g  r i n g  ( r i n g  94) t o  t h e  hypo the t i ca l  c e n t e r .  This  
p rov ides  an age  e s t i m a t e  of 127 yea r s  a t  t h e  t ime of  dea th .  
It  is t h e r e f o r e  concluded t h a t  t h e  t r e e  was e s t a b l i s h e d  on 
Paoha around 1853--just 10 y e a r s  be fo re  Twain's journey t o  
t h e  i s l a n d .  

l3 Grav i ty  s l i d i n g  i n  t imes  fol lowing t h e  emergence of  t h e  
i s l a n d  would have t o  account f o r  t h e  complete removal of  one - 
o r  more o f  t h e  fo1lowing:"the Clover Ranch s t r a n d l i n e ,  t h e  
terrace and c l i f f l i n e  a s s o c i a t e d  wi th  t h e  lowstand of  -550 
BP, t h e  Mono Craters t e p h r a  o f  605 c a l  BP, t h e  t e r r a c e s  and 
c l i f f l i n e s  a s s o c i a t e d  wi th  t h e  lowstands of  -700 and -1000 
BP, t h e  Mono Craters teph'ra of 1245 c a l  BP, t h e  a sh  
a s s o c i a t e d  wi th  t h e  ~ o n o  C r a t e r s  e rup t ion  of 1610 BP, t h e  
t e r r a c e  and c l i f f l i n e  a s s o c i a t e d  wi th  t h e  lowstand of  -1820 
BP, and t h e  Dechambeau Ranch s t r a n d l i n e .  

14  The t h i r d  r e p o r t ,  publ ished i n  t h e  January 29, 1881 i s s u e  
of t h e  Homer -, concerns t h e  Mono Craters: 

Is it a volcano? 
One of the  three o l d  craters a t  the  south end of Mono Lake has 
been industriously smoking f o r  a week past, a t  in terva l s  sending 
up dense columns of vapor, smoke, or something else. As the  
country about here has been turned topsy-turvy by volcanic 
action,  it would not be a t  a l l  strange i f  w e  were treated t o  the  
spectacle  of an ac t ive  eruption. 

Is Townley and Allen (1939) ques t ion  t h e  accuracy o f  t h i s  
r e p o r t  on s e v e r a l  grounds, i nc lud ing  t h e i r  con ten t ion  t h a t  . 

"August 23, 1890, was no t  Sunday as s t a t e d  [ i n  t h e  a r t i c l e ] ,  
b u t  Saturday."  Without t a k i n g  a s t a n d  on t h e  v e r a c i t y  of  t h e  
account ,  it should be po in ted  o u t  t h a t  t h e  art icle never  
s tates t h a t  August 23, 1890 i s  a Sunday, as Townley and Allen 
contend; r a t h e r ,  it r e f e r s  t o  an ear thquake t h a t  took  p l a c e  
on t h e  Sunday be fo re  Saturday,  August 23, 1890 (i.e. on 
Sunday, August 17, 1890).  

16 Pre-Paoha volume/stage r e l a t i o n s h i p s  were de r ived  by 
p l an ime te r ing  t h e  bathymetry of Schol l ,  e t  a1 (1967).  For  
t h i s  purpose t h e  broad, r e l a t i v e l y  f e a t u r e l e s s  p l a i n  t h a t  
c o n s t i t u t e s  t h e  present-day cen t r a l - l ake  bottom on t h e  w e s t ,  
east, and sou th ,  was p r o j e c t e d  over a r e a s  whose topography 
h a s  been d i s t u r b e d  by u p l i f t  o f ,  and subsequent g r a v i t y  
s l i d i n g  from, t h e  Paoha block.  This  p rov ides  an e s t i m a t e  of 



l a k e  volume under cond i t i ons  i n  which t h e  cen t r a l - l ake  bottom 
d i s  e n t i r e l y  f r e e  from v o l c a n i c  d i s tu rbance .  While t h e r e  a r e  

no grounds f o r  a s s e s s i n g  t h e  bathymetry t h a t  e x i s t e d  i n  
pre-Paoha t i m e ,  it i s  f e l t  t h a t  t h i s  approach f u r n i s h e s  a 
more a c c u r a t e  e s t i m a t e  of pre-Paoha l a k e  volume than  would be  - 
t h e  case i f  no adjustment were made. 

I n  any case ,  from t h e  s t andpo in t  of unders tanding t h e  - 
hydroc l ima t i c  c o n d i t i o n s  r e spons ib l e  f o r  t h e  p a s t  - 
f l u c t u a t i o n s  of  Mono Lake, volume changes brought about by 
i s l a n d  b u i l d i n g  a r e  important  only  i n s o f a r  a s  t h e y  a f f e c t  t h e  
s a l i n i t y  of (and t h e r e f  o r e  t h e  -evapora t ion  r a t e  from) t h e  
l a k e .  The problem of  d e f i n i n g  p a s t  s a l i n i t y  (and t h u s  p a s t  . - 
evapora t ion - r a t e )  i s  g r e a t l y  complicated by t h e  f a c t  t h a t  
unknown q u a n t i t i e s  of s a l t s  were belched i n t o  t h e  l a k e  a t  t h e  
t i m e  of t h e  s u b l a c u s t r i n e  e r u p t i o n s .  No a t tempt  was made t o  
g r a p p l e  wi th  t h e  ques t ion .  of how s a l i n i t y  might have changed 
due t o  ep i sodes  o f  volcanical ly- induced i n j e c t i o n  of 
s o l u b l e s .  It w i l l  t h u s  be  assumed i n  Chapter  6 t h a t  t o t a l  
d i s s o l v e d  s o l i d s  remained cons t an t  dur ing  t h e  p a s t  4000 I 

yea r s ,  and t h a t  l a k e  s a l i n i t y  f l u c t u a t e d  simply as a func t ion  
of  l a k e  volume. 



CHAPTER 6 

PALEOHYDROCLIMATIC IMPLICATIONS OF THE 

LAKE FLUCTUATION CURVE 

A s  I s r a e l  R u s s e l l  p o i n t e d  o u t  i n  1883, t h e  l a t e  
". 

P l e i s t o c e n e  s h o r e l i n e s  t h a t  e n c i r c l e  t h e  Mono Bas in  have  been 

warped and t i l t e d  westward by t e c t o n i c  f o r c e s .  Measurement 

of t h e  l a t e  Holocene s t r a n d l i n e s  i n d i c a t e s  t h a t  l i t t l e  if any 

o f  t h i s  de fo rmat ion  o c c u r r e d  d u r i n g  t h e  p a s t  f o u r  m i l l e n n i a .  

The s l i g h t l y  (5- foot )  h i g h e r  e l e v a t i o n . . o f  t h e  Dechambeau 

Ranch s t r a n d l i n e  e a s t  o f  t h e  Simon's S p r i n g s  f a u l t  may w e l l  

be due t o  measurement i m p r e c i s i o n  or  wind-induced s u r g e  on 

t h e  windward s h o r e ,  r a t h e r  t h a n  t o  f a u l t i n g .  Even i f  t h e  

d i f f e r e n c e  can  b e  a t t r i b u t e d  t o  t e c t o n i c  d isp lacement ,  it i s  

minor and l o c a l  r a t h e r  t h a n  r e g i o n a l .  The changes i n  l a k e  

l e v e l  d i s c u s s e d  i n  Chap te r s  1-3 a r e  c l e a r l y  r e a l  changes, 

r a t h e r  t h a n  a p p a r e n t  changes a t t r i b u t a b l e  t o  b a s i n  t i l t i n g .  

S e v e r a l  f a c t o r s  might be i m p l i c a t e d  i n  e x p l a i n i n g  t h e  

f l u c t u a t i o n s  i n  l a k e  l e v e l .  There can b e  no  denying t h a t  t h e  

s low and s t e a d y  accumula t ion  of sediment  on t h e  l a k e  f l o o r  

d u r i n g  l a t e  Holocene t i m e  h a s  had some e f f e c t  on l a k e  

e l e v a t i o n ,  though a t  a  sed imenta t ion  r a t e  o f  rough ly  50-80 c m  



p e r  1000 y e a r s  t h e  magnitude of  t h e  change i s  c l e a r l y  t r i v i a l  

and  u n d e t e c t a b l e . '  Depos i t ion  o f  t e p h r a  d u r i n g  t h e  Mono a 

C r a t e r s  e r u p t i o n s  may have  caused a  d i s c e r n i b l e  r i s e  i n  l a k e  
u 

level ,  though t h e  magnitude o f  t h e  r i s e  i n s t i g a t e d  by any 

s i n g l e  e r u p t i v e  e v e n t  c o u l d  n o t  exceed 1-2 f e e t .  

Displacement  o f  l a k e  w a t e r  due t o  t h e  e x t r u s i o n  o f  magma 

( such  a s  t h e  e v e n t s  t h a t  formed t h e  Negi t  Arch ipe lago)  i s  

l i k e w i s e  minor; indeed,  i f ,  w i t h  t h e  l a k e  s t a n d i n g  a t  6400 

f e e t ,  Neg i t  I s l a n d  and a l l  of i t s  i s l e t s  had formed a t  t h e  

same i n s t a n t  i n  t i m e ,  t h e  l a k e  s u r f a c e  would have  r i s e n  less 

t h a n  a f o o t .  Even t h e  uparch ing  of t h e  l a k e  bot tom t h a t  

c r e a t e d  Paoha I s l a n d ,  t h e  o n l y  s i z a b l e  d i s t u r b a n c e  on t h e  

l a k e  f l o o r ,  d i s p l a c e d  a  mere -350,000 a c r e  f e e t  o f  

water--enough t o  f o r c e  a  r i s e  i n  l a k e  l e v e l  o f  j u s t  f i v e  t o  

s i x  f ee t .  These f a c t o r s  o b v i o u s l y  cannot  b e  evoked t o  

e x p l a i n  t h e  f l u c t u a t i o n s  i n  l a k e  l e v e l  graphed on F i g u r e  

1 6 - - f l u c t u a t i o n s  t h a t  span  a n  e l e v a t i o n  i n t e r v a l  o f  130 f e e t .  

R a t h e r ,  t h e  f l u c t u a t i o n s  i n  l a k e  l e v e l  are a t t r i b u t a b l e  t o  

changes  i n  t h e  b a l a n c e  between i n f l o w  and ou t f low.  

L i k e  a l l  c l o s e d  w a t e r  bod ies ,  Mono Lake expands when 

i n f l o w  exceeds  ou t f low,  and c o n t r a c t s  when t h e  r e l a t i o n s h i p  

i s  r e v e r s e d .  S i n c e  b o t h  i n f l o w  and ou t f low a r e  f u n c t i o n s  o f  

c l i m a t e ,  t h e  l a t e  Holocene f l u c t u a t i o n  curve  f o r  Mono Lake 

c a n  be used  a s  a  proxy i n d i c a t o r  of h y d r o c l i m a t i c  change.  

Indeed,  f o r  r e a s o n s  d i s c u s s e d  i n  t h e  i n t r o d u c t i o n  t o  t h i s  



work, Mono Lake is in many ways the best of the Great Basin 

terminal lakes for paleohydroclimatic reconstruction. This 

chapter examines the paleohydroclimatic implications of the 

late Holocene lake fluctuation curve. 

Lake expansion and contraction occur due to an imbalance 

between inflow and outflow. In general terms, this imbalance 

is expressed by the continuity equation 

where I = inflow, 0 = outflow, and AS = change in storage, 

with all three terms expressed in acre feet. Lake 

stabilization (where AS = zero over some specified period of 

time) occurs when the inflow equais the outflow over that 

time peri~d.~ Since outflow from the lake is the product of 

an evaporation rate ( E ,  in feet) times a lake surface area 

(A, in acres), lake stabilization occurs when 

1 = ( E  A)  

or, in other terms, when 



Thus, f o r  every  s e t  of v a r i a b l e s  I and E ,  t h e r e  i s  a  s i n g l e  

value A a t  which l a k e  s t a b i l i z a t i o n  occurs .  I n  o t h e r  words, 

g iven a  set of  hydroc l imat ic  ( in f low and evapora t ion)  

cond i t i ons ,  a  l a k e  w i l l  s t a b i l i z e  when i t s  s u r f a c e  a r e a  

a t t a i n s  a  va lue  such t h a t  evapora t ive  l o s s  equa l s  inf low.  

e level v s .  l a k e  a r e a  . Thus f a r ,  t h e  l a t e  Holocene 

f l u c t u a t i o n s  of  Mono Lake have been expressed  i n  terms of 

changes i n  s u r f a c e  M. It  i s  apparent  from t h e  d i scuss ion  

above, however, t h a t ,  f o r  t h e  purposes  of d e f i n i n g  p a s t  

changes i n  t h e  r e l a t i o n s h i p  between l a k e  in f low and outflow, 

s u r f a c e  leve l ,  per set i s  a l l  bu t  inconsequent ia l .  The 

n a t u r e  of  t h e  hydroc l imat ic  v a r i a t i o n s  t h a t  u n d e r l i e  t h e  

f l u c t u a t i o n s  of  a t e rmina l  l a k e  can be understood only i n  

terms o f  changes i n  l a k e  s u r f a c e  area. 

Using t h e  a r e a / s t a g e  curves  i l l u s t r a t e d  on F igu re  20 t h e  

e l e v a t i o n  of each of t h e  high s t a n d s  and low s t a n d s  on t h e  

l a t e  Holocene l a k e  l e v e l  curve was conver ted t o  an a r e a  va lue  

and p l o t t e d  a g a i n s t  t ime.  The r e s u l t a n t  " l a t e  Holocene l ake  

a r e a  curve" i s  shown on Figure  21. Note t h a t  i n  cons t ruc t ing  

~ i g u r e  21 changes i n  i n s ~ l o s i t y , ~  due both t o  f l u c t u a t i o n s  i n  

l a k e  l e v e l  and t o  t h e  emergence of Paoha I s l and ,  were taken 

i n t o  account .  The curve t h u s  expresses  t h e  a r e a  of t h e  
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Figure 2l. Late Holocene fluctuatioq in the surface area of Mono Laka 



l a k e ' s  w a t e r  su r f ace ,  r a t h e r  than simply t h e  t o t a l  a r e a  

(water  + i s l a n d s )  contained wi th in  t h e  s h o r e l i n e  contour .  I n  

a d d i t i o n  t o  forming t h e  b a s i s  f o r  pa leohydroc l imat ic  

assessment, then ,  t h e  l a t e  Holocene l a k e  a r e a  curve provides  

a  s i n g l e  s t anda rd  f o r  comparing l a k e  behavior i n  t imes  p r i o r  

t o ,  and fol lowing,  t h e  emergence of Paoha I s l and .  Notice i n  

t h i s  r ega rd  t h a t ,  r e l a t i v e  t o  t h e  f l u c t u a t i o n s  t h a t  occurred 

i n  pre-Paoha t i m e ,  t h e  l a k e  expansion of t h e  e a r l y  20th 

century  i s  an  event  of l e s s e r  magnitude than might be 

i n f e r r e d  from t h e  l ake  level  curve, and t h a t  t h e  diminished 

s u r f a c e  a r e a  a s soc ia t ed  wi th  t h e  a r t i f i c i a l l y - i n d u c e d  low 

s t a n d  of 1981 i s  without l a t e  Holocene precedent.  

A l l  proxy records  of c l i m a t i c  change a r e  s u b j e c t  t o  

i n t e r p r e t i v e  c o n s t r a i n t s .  These c o n s t r a i n t s  must be 

recognized i f  m i s i n t e r p r e t a t i o n  of t h e  proxy record  i s  t o  be 

avoided. I n  a d d i t i o n  t o  t h e  problems of da t ing  and 

r e s o l u t i o n  d iscussed  e a r l i e r ,  t h e  following t h r e e  c o n s t r a i n t s  
(I 

a r e  of  p a r t i c u l a r  importance i n  i n f e r r i n g  paleohydrocl imat ic  

cond i t ions  from a  l ake  f l u c t u a t i o n  curve. 

om those t b t  alter the  out- tern. ~ x p a n s i o n  o r  - 
c o n t r a c t i o n  of a  te rmina l  l ake  formerly i n  equi l ibr ium with a  



given set of  hydrocl imat ic  condi t ions  can be induced by 

either a change i n  inflow, a change i n  evaporation,  o r  a 

simultaneous b u t  incommensurate change i n  both  inflow and 

evaporat ion.  The l ake  f l u c t u a t i o n  record provides  no b a s i s  

f o r  determining t h e  p r e c i s e  combination of inf low and 

evapora t ion  va lues  t h a t  i n s t i g a t e d  t h e  expansion o r  

con t rac t ion ;  i n  o the r  words, it is impossible t o  d i s t i n g u i s h  

a l a k e  expansion wholly a t t r i b u t a b l e  t o  an i n c r e a s e  i n  

inflow, from one caused s o l e l y  by a decrease i n  evaporation,  

o r ,  f o r  t h a t  mat ter ,  from one i n s t i g a t e d  by an inc rease  i n  

inf low t h a t  was accompanied by a decrease ( o r  an 

incommensurately smal l  i nc rease )  i n  evaporation.  It i s  

p o s s i b l e  on ly  t o  i d e n t i f y  an i n f i n i t e  set of 

inf low/evaporat ion combinations t h a t  r e s u l t  i n  t h e  expansion 

o r  c o n t r a c t i o n  i n  question; t h e s e  combinations, i n  t u r n ,  can 

be s i m p l i f i e d  t o  produce an index of " e f f e c t i v e  infloww o r  EI 

(see below),  i n  which t h e  evaporation r a t e  is t r e a t e d  a s  a 

c o n s t a n t  and l a k e  f l u c t u a t i o n s  are a t t r i b u t e d  s o l e l y  t o  

changes i n  the inf low term. 

le ~ & L Z , P  for effective inf2dw. A doubling of 

lake-sur face  a r e a  i n ,  say, one decade, obviously r e q u i r e s  a 



h ighe r  E I  t h a n  t h e  same doubl ing sp read  over  a century.  I n  

o r d e r  t o  a s s e s s  t h e  E I  t h a t  fo rced  a p a r t i c u l a r  f l u c t u a t i o n  

of  a l ake ,  t hen ,  it is e s s e n t i a l  t o  know w i t h i n  reasonable  

l i m i t s  t h e  d u r a t i o n  of t h e  f l u c t u a t i o n .  If t h e  d u r a t i o n  

cannot be s p e c i f i e d  it becomes p o s s i b l e  on ly  t o  a s s i g n  a 

v a l u e  of t h e  " e f f e c t i v e  s t a b l i z a t i o n  in f loww ( E S I )  f o r  each - 
p o i n t  on t h e  curve--that  is, it may be concluded only t h a t  E I  - 
was at least g r e a t  enough t o  stabilize t h e  l a k e  a t  a g iven 

p o i n t  on a r i s i n g  segment of t h e  curve ( o r  a t  a h igh  s t a n d ) ,  .I. 

l e a v i n g  open t h e  p o s s i b i l i t y  t h a t  it exceeded t h e  amount 

neces sa ry  t o  s t a b l i z e  t h e  l a k e  a t  t h e  s u r f a c e  a r e a  i n  - 
ques t ion ;  s i m i l a r l y ,  it is p o s s i b l e  t o  conclude only  t h a t  E I  - 
w a s  at most t h e  amount r e q u i r e d  t o  stabilize t h e  l a k e  a t  a 

g iven  p o i n t  on a d e c l i n i n g  segment of a f l u c t u a t i o n  curve (o r  
I 

a t  a low s t a n d ) ,  aga in  e n t e r t a i n i n g  t h e  p o s s i b i l i t y  t h a t  it 

was less t h a n  t h e  amount r equ i r ed  t o  s t a b i l i z e  t h e  l a k e  a t  

t h a t  s u r f a c e  a r e a .  

Consider,  f o r  example, t h e  rise t o  Mono Lake 's  H i s t o r i c  

High Stand.  Knowing t h a t  t h e  l a k e  r o s e  from 6410 feet t o  

6428 feet du r ing  t h e  35 yea r s  p r i o r  t o  1919, it i s  p o s s i b l e ,  

u s i n g  t h e  Vors t e r  Model (see below),  t o  e s t i m a t e  t h a t  E I  

du r ing  t h a t  pe r iod  was approximately 112% of  t h e  average 

v a l u e  f o r  t h e  modern p e r i o d  (1937-79) . If t h e  d u r a t i o n  of 

t h i s  l a k e  t r a n s g r e s s i o n  was unknown, however, it could  be 

concluded on ly  t h a t  t h e  e f f e c t i v e  inf low was a t  l e a s t  98% of 



normal--that is, t h e  amount of inflow required t o  s t a b i l i z e  
-. 

t h e  l a k e  a t  6428 f e e t . 4  

3 .  me J e w  to 

v t h e  sev - 

to a lels 9 e sewre f 

stand (lowstand). T h e  l e v e l  t o  which a l a k e  

r i s e s  ( f a l l s )  during a  t ransgress ion  (recession)  i s  a  

funct ion  of three fac to r s :  t h e  s e v e r i t y  of t h e  causa l  

hydrocl imatic  condi t ions,  t h e  length  of time t h a t  those  

condi t ions  p e r s i s t ,  and t h e  l e v e l  of t h e  l ake  a t  t h e  t ime t h e  

causa l  hydroclimatic condi t ions commence. As noted above, 

without knowing t h e  p r e c i s e  dura t ion  of a  l ake  f luc tua t ion ,  

it i s  impossible t o  determine, beyond an es t imate  of ESI, t h e  

e f f e c t i v e  inflow t h a t  forced t h a t  f luc tua t ion .  This 

precludes paleohydroclimatic comparisons based simply on t h e  

r e l a t i v e  e l eva t ions  of high s tands  o r  low stands.  It would 

be erroneous, f o r  instance,  t o  conclude t h a t  t h e  e f f e c t i v e  

inflow t h a t  r e s u l t e d  i n  t h e  Mono High Stand (6499 f e e t )  .I 

approximately 3500 y r s  BP was necessa r i ly  g r e a t e r  than  t h a t  

which forced t h e  l ake  t o  r i s e  t o  t h e  appreciably lower l e v e l  

of 6456 f e e t  some 220 y r s  BP; t h e  d i f ference  i n  e l eva t ion  of 



t h e  t .wo high s tands  might well  be due t o  t h e  r e l a t i 1  

dura t ion  of t h e  causa l  hydroclimatic condi t ions.  Indeed, had 

t h e  condi t ions  leading  t o  t h e  high s tand of 220 BP p e r s i s t e d  

f o r  many cen tu r i e s  t h e  l ake  might eventua l ly  have exceeded 

t h e  Mono High Stand. 

Simple comparisons &ch a s  t h i s  a r e  f u r t h e r  misleading 

because they  do not  t ake  i n t o  account t h e  l e v e l  of t h e  lake  

a t  t h e  time a  f l u c t u a t i p n  .commenced. In  s implest  terms, t h e  

l e v e l  t o  which a  lake  r i ses ,  o r  f a l l s  a f t e r ,  say, 50 years  of 

a given s e t  of hydroclimatic condi t ions,  i s  dependent on t h e  

e l eva t ion  of t h e  lake  sur face  a t  t h e  time of t h e  onset of 

those  condi t ions.  (This i s  t r u e ,  of course, only i f  t h e  

dura t ion  of t h e  hydroclimatic conditions,  a r b i t r a r i l y  assumed 

i n  t h i s  example t o  be 50 years,  i s  l e s s  than t h e  amount of 

t ime requi red  f o r  t h e  lake  t o  come i n t o  equi l ibr ium with 

those  condi t ions .  ) 

ex of Effective Inflaw 

Because it i s  impossible t o  know t h e  p r e c i s e  combination 

of inf low and outflow condit ions t h a t  forced t h e  su r face  

f l u c t u a t i o n s  of l a t e  Holocene Mono Lake ( see  c o n s t r a i n t  81 

above),  it i s  necessary t o  combine t h e  two terms i n t o  a  

s i n g l e  measure. This i s  reasonably accomplished by t r e a t i n g  

e i t h e r  t h e  inflow r a t e  o r  t h e  evaporation r a t e  a s  a constant ,  

and a t t r i b u t i n g  a l l  lake  f l u c t u a t i o n s  t o  changes i n  t h e  



variable term. 

It seems most realistic to treat the more conservative 

term (the term that varies least with time) as the constant. 

Throughout the arid and semi-arid west the annual evaporation 

rate has, at least historically, been subject to far less 

year-to-year variation than annual inflow. According to 

Harbeck (1966), the coefficient of variation for annual 

runoff within watersheds of the western United States can be 

as high as 100 percent, while the coefficient of variation 

for annual evaporation "is almost always less than 10 

percent, and probably less than 5 percent for most lakes and 

reservoirs." The Mono Basin is no exception in this regard. 

Annual measured inflow over the period 1935-1985 has varied 

from as high as 192% of the mean to as low as 41% of the 

mean. In comparison, variation in evaporation has been 

slight. Measurements in the vicinity of the Mono Basin 

indicate that evaporation from test pans has varied from 89% 

to 113% of normal during the period of record (1944-1983) 

(Vorster, 1985); evaporation from the lake surface itself 

can be expected to vary even less than pan evaporation. On 

the basis of this disparity it makes sense to hold the 

evaporation rate constant, and, for the sake of 

characterizing hydroclimatic conditions, to treat all the 

late Holocene fluctuations of Mono Lake as though they were 

caused by changes in inflow. This provides an index of 



effective inflow (EI) .' 
In the analyses described below the evaporation rate 

will be held constant at the average annual value (45 inches) 

determined by Vorster (1985) for the period of record 

(1944-1983) . 6  EI (and, similarly, ESI) will be expressed as 

a percentage of the average annual unimpaired inflow to the 

groundwater basin (the inflow that would have occurred in the 

absence of irrigation and trans-basin water diversions) for 

the period 1937-79 (= 227,970 acre-feet) . 

ploduna Rffect ive Inflow 

qn. At least 14 water-balance models for the 

Mono Basin have been produced in the past half-century. 

These differ substantially in their methodology, in the 

number and nature of inflow, outflow, and storage-change 

components, and in the values assigned to those components. 0 

The most recent model was produced by Vorster (1985) as a 

master's thesis; his work includes a critical and thorough m 

review of all previous water balances of the Mono Basin. The 
.I 

writer worked closely with Vorster on the thesis, served as 

signatory on his committee, and helped modify the model in 

such a way as to make it applicable to early- and 

pre-historic hydroclimatic and morphometric conditions. 

The Vorster model was systematically derived using a 



four-phase process of formulation, calibration, verification, 

and application. These four phases are discussed briefly 

below, and in Appendix A. 

m. The model's "free body" (the body to which 
all inflows and from which all outflows occur) is the Mono 

Groundwater Basin, defined by the contact between the 

unconsolidated sediments of the basin floor and the 

surrounding bedrock (or glacial ,.. till). The "time period" 

employed in the model (that is, the unit of time used for a 

single execution of the water balance equation) is one "water 

year1', from October 1 to September 30. The "base period" 

(the time period for which the model components are 

quantified from records) is 1937-1983." 

The model includes 19 inflow, outflow, and storage 

change components. Following the approach prescribed by 

Winter (1981), Ferguson (1981), and Sokolov and Chapman 

(1974), the value of each component was derived 

independently, rather than as a residual. The components, 

the basis for computing component values, and information 

related to the calibration and verification of the model are 

given in Appendix A .  

-. Vorster's water balance forecast model was 

constructed with two primary applications in mind: first, to 

predict and retrodict the response of the lake to real or 

hypothetical hydroclimatic conditions (this application was 



used i n  previous sec t ions  t o  evalua te  t h e  l ake  response t o  

drought condi t ions during post-Clover Ranch t ime (pg. 329) ) ;  

and secondly, t o  a s sess  t h e  hydroclimatic condi t ions 

respons ib le  f o r  t h e  l ake  f l u c t u a t i o n s  of t h e  p re -h i s to r i c  

p a s t .  Resul t s  of app l i ca t ions  of t h i s  second type  a r e  

presented  below. 

". pesults 

The model was f i rs t  appl ied  t o  determine ESI f o r  p o i n t s  

of i n f l e c t i o n  on t h e  p re -h i s to r i c  f l u c t u a t i o n  curve. Resul t s  

a r e  given on Figure 22. Note t h e r e  t h a t  ESI  over t h e  p a s t  

3490 radiocarbon years  has ranged from 1 3 4 %  of modern inflow 

( f o r  t h e  Mono High Stand) t o  68% of t h e  modern value ( f o r  t h e  

Lee Vining Creek and Mono low s t a n d s ) .  

It should be s t r e s s e d  t h a t  t h e s e  ESI values represent  

t h e  amount of e f f e c t i v e  inflow t h a t  would be required t o  

stabilize t h e  lake  a t  t h e  extremes of t h e  e l eva t ion  i n t e r v a l  

occupied by Mono Lake i n  l a t e  Holocene time. I n  a l l  

p r o b a b i l i t y  t h e  hydroclimatic condi t ions  t h a t  forced t h e  l ake  

t o  t h e s e  s tands  were more extreme than  t h e  f i g u r e s  would 

i n d i c a t e .  The tendency f o r  ESI t o  unders ta te  t h e  s e v e r i t y  of 

paleohydroclimatic condi t ions is c l e a r l y  shown on Figure 22. 

Note t h e r e  t h a t  during t h e  per iod between 866 c a l  BP and 1919 

AD (an i n t e r v a l  spanning approximately 835 s i d e r e a l  y e a r s ) ,  

t h e  l a k e  underwent f i v e  t r ansgress ions  and four  recessions.  
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- 
Under ESI c o n d i t i o n s  t h e s e  n ine  f l u c t u a t i o n s  would r e q u i r e  a 

t o t a l  of some 2088 years--that  is, wel l  over  twice t h e  amount - 
of  t i m e  a c t u a l l y  a v a i l a b l e .  For t h i s  p o r t i o n  of t h e  

f l u c t u a t i o n  curve,  then,  ESI g r o s s l y  underes t imates  t h e  I 

s e v e r i t y  of t h e  c a u s a l  wet and dry  pe r iods .  

ESI  is  t h e  on ly  approach a v a i l a b l e  t o  assess e f f e c t i v e  m 

i n f l o w  f o r  t h e  first th ree -qua r t e r s  of t h e  f l u c t u a t i o n  curve.  - 
Thi s  p o r t i o n  of t h e  c u r v e . l a c k s  t h e  chronometric p r e c i s i o n  

neces sa ry  t o  e s t i m a t e  E I .  For t h e  l a s t  900 y e a r s  of t h e  
I 

curve,  where chronometric c o n t r o l  i s  r e l a t i v e l y  p r e c i s e ,  t h e  

d u r a t i o n  of t h e  t r a n s g r e s s i o n s  and r e c e s s i o n s  (and t h u s  E I )  

can be e s t i m a t e d  wi th in  reasonable  l i m i t s .  Within t h e  

c o n s t r a i n t s  of  t h e  a v a i l a b l e  radiocarbon dates, it appears  

t h a t  each  o f  t h e  n ine  t r a n s g r e s s i o n s  and r e c e s s i o n s  o f  t h e  

p e r i o d  866 cal BP t o  1919 AD l a s t e d  an average of  

approximately  one cen tury  (835 dendro-years + 9 = 93 y e a r s ) ;  

for t h e  sake  of  e s t i m a t i n g  E I ,  then ,  it w i l l  be assumed t h a t  

each of t h e s e  f l u c t u a t i o n s  took 100 years .  R e s u l t s  o f  

c a l c u l a t i o n s  made under t h i s  assumption appear  on F igu re  23. 

Note t h e r e  t h a t  t h e  e f f e c t i v e  inf low n e c e s s a r y - t o  account f o r  

t h e s e  century-long f l u c t u a t i o n s  ranges  from 77% t o  118% of  I 

modern (1937-79) inflow. 

There i s  evidence t o  suggest  t h a t  t h e  r e l a t i v e l y  h y d r i c  I 

p e r i o d s  r e spons ib l e  f o r  t h e  l a k e  t r a n s g r e s s i o n s  of  t h e  p a s t  
m 

millennium were of s h o r t e r  du ra t ion  than  t h e  r e l a t i v e l y  x e r i c  
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per iods  t h a t  forced  t h e  recessions.  LaMarche's 

1160-year-long b r i s t l e c o n e  p ine  t r ee - r ing  record from t h e  

nearby White Mountains shows a  half-dozen "spikesn i n  

p r e c i p i t a t i o n  (which arguably c o r r e l a t e  with t r ansgress ions  

and high s t ands  of Mono Lake--see below), each of which seems 

t o  p e r s i s t  f o r  only a  haif-century o r  so.  It may be more 

realistic, the re fo re ,  t o  assume t h a t  t h e  t r ansgress ions  of 

t h e  p a s t  n ine  centur ies ,  each took p lace  i n  an average of 50 

years ,  while t h e  l ake  recess ions  requi red  an average of 150 

yea r s  each. Resul t s  of t h e  computations made under t h i s  s e t  
II 

of assumptions a r e  shown on Figure 24. I n  t h i s  a n a l y s i s  EX 

s i n c e  866 c a l  BP ranges from 80% t o  134% of t h e  modern value.  - 
Discussian. I t  must be s t r e s s e d  t h a t  j u s t  a s  t h e  l ake  

f l u c t u a t i o n  curve i t s e l f  ignores  t h e  s t i l l s t a n d s  and I 

r e v e r s a l s  t h a t  must have punctuated indiv idual  t r ansgress ions  

and recess ions ,  s o  t o o  do t h e  analyses  of E I  ignore t h e s e  

f l u c t u a t i o n  i n t r i c a c i e s .  During any given t r ansgress ion  o r  

r ecess ion  shown on t h e  lake  f l u c t u a t i o n  curve E I  undoubtedly 

v a r i e d  from year-to-year and decade-to-decade, a t  t imes  

a t t a i n i n g  va lues  higher,  and a t  o the r  t imes lower, than  t h e  

c a l c u l a t e d  value.  Each of t h e  ca lcu la ted  E I  va lues  shown on I 

Figures  23 and 24, then, r e f l e c t s  t h e  average e f f e c t i v e  
I inf low t h a t  prevai led  during a  p a r t i c u l a r  f l u c t u a t i o n  of t h e  

l ake .  
I 

~t is  a l s o  important t o  apprec ia te  t h a t  t h e  E I  values 
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calculated for the past nine centuries are based on the 

assumption that all transgressions and all recessions are of 

approximately average length (that is, 100 years per 

fluctuation in the first EI analysis; 50 years per 

transgression and 150 years per recession in the second EI 

analysis). Thus, in cases where the actual duration of a * 

transgression was greater than the assumed duration (or, 

similarly, in cases where, the actual duration of a recession 

was less than the assumed duration) the calculated EI is an 

underestimate of the actual EI; likewise, in cases where the 

actual duration of a transgression was less than the assumed 

duration (or, similarly, in cases where the actual duration 

of a recession was greater' than the assumed duration) the 

calculated EI is an overestimate of the actual EI. 

Summar; 
Paleohydroclimatic interpretation of the Mono Lake 

fluctuation curve is hindered by the imprecision of the 

chronometric control. Without the ability to pinpoint the 

duration of a given fluctuation of the lake it is impossible 

to determine precisely the effective inflow that forced that 

fluctuation. In cases where there is no basis for estimating 

the duration of a transgression or recession, it is possible 

only to define the effective stablization inflow. 

Calculations of ESI indicate that, for prolonged 



(half-century o r  more) per iods within t h e  p a s t  3490 

radiocarbon years,  e f f e c t i v e  inflow t o  Mono Lake has ranged 

from g r e a t e r  than 134% of t h e  modern (1937-79) value t o  less 

than 68% of t h e  modern value.  

Chronometric con t ro l  over t h e  pas t  900 years  i s  such 

t h a t  t h e  dura t ion  of l ake  f l u c t u a t i o n s  (and thus  t h e  

e f f e c t i v e  inflow) can be estimated with reasonable p rec i s ion .  

I f  it i s  assurnmed t h a t  each of t h e  f luc tua t ions  t h a t  occurred 
,'. 

during t h i s  per iod  of time ' l a s t e d  approximately 100 years,  

then  E I  during t h e s e  century-long spans can be est imated t o  

have ranged from 77% t o  118% of t h e  modern normal; i f  it i s  

assumed t h a t  t h e  t ransgress ions  of t h i s  per iod took p lace  i n  

50 years ,  e f f e c t i v e  inflow.can be est imated t o  have ranged 

from 80% t o  134% of normal. 

It must be borne i n  mind t h a t  t h e  index of e f f e c t i v e  

inflow incorpora tes  both t h e  inflow and t h e  evaporation 

terms. While t h e r e  i s  reason t o  be l ieve  t h a t  t h e  inflow term 

i s  of g r e a t e r  importance i n  accounting f o r  t h e  l ake  

f l u c t u a t i o n s  i n f e r r e d  f o r  l a t e  Holocene t ime (see pgs. 

358-59, and Footnote # 4  of t h i s  chap te r ) ,  evaporation 

never the less  p lays  a r o l e  t h a t  cannot be ignored, working 

e i t h e r  i n  concert  with, o r  i n  opposi t ion t o ,  changes i n  

inflow. 



I 

There i s  no sho r t age  of examples i n  t h e  h i s t o r i c  r eco rd  

of  y e a r s  i n  which t h e  inf low t o  Mono Lake matched o r  exceeded (I 

i n  s e v e r i t y  t h e  hydroc l imat ic  cond i t i ons  necessary  t o  account 

f o r  t h e  extremes of t h e  l a t e  Holocene f l u c t u a t i o n  curve.  The I 

y e a r s  1938, '52, ' 67, ' 69, '80, and most r e c e n t l y  1982 

th rough  '83, fu rn i shed  ififlow t h a t  would, i f  perpe tua ted ,  

f o r c e  an expansion of t h e  l a k e  s u r f a c e  t o  areas g r e a t e r  t han  

any it a t t a i n e d  du r ing  t h e  p a s t  3490 radiocarbon yea r s .  

Likewise, t h e  in f low cond i t i ons  t .hat  c h a r a c t e r i z e d  t h e  y e a r s  

1924 through '31, 1933 through '34, 1954 through '55, 1959 

th rough  '61, and most r e c e n t l y  1976 through '77, would, if m 

t h e y  p e r s i s t e d ,  draw t h e  l a k e  t o  a s u r f a c e  a r e a  s m a l l e r  t h a n  - 
any a t t a i n e d  du r ing  l a t e  Holocene t ime.  It i s  t h u s  necessary  

t o  look no f a r t h e r  t han  t h e  h i s t o r i c  record  t o  ga in  an  
I 

a p p r e c i a t i o n  f o r  t h e  n a t u r e  of  t h e  inf low cond i t i ons  

r e s p o n s i b l e  f o r  t h e  extremes of  t h e  l a t e  Holocene f l u c t u a t i o n  

curve.  

It i s  o f  s p e c i a l  i n t e r e s t  t o  compare t h e  hydroc l imat ic  

c o n d i t i o n s  of  t h e  modern pe r iod  wi th  t h o s e  of  p r e - h i s t o r i c  

t ime .  A s  p r e v i o u s l y  s t a t e d ,  under n a t u r a l  cond i t i ons  (no 

i r r i g a t i o n ,  no t r ans -bas in  water  d i v e r s i o n s )  pe rpe tua t ion  o f  I 

1937-79 in f low a t  average,  present-day evapora t ion  rates, 

would u l t i m a t e l y  s t a b i l i z e  Mono Lake a t  a s u r f a c e  area of I 

60,000 a c r e s  (corresponding t o  a s u r f a c e  e l e v a t i o n  of  6432 
I 

f e e t ) .  I n  bo th  l a k e  l e v e l  and l a k e  a r e a  t h i s  f i g u r e  i s  



almost  p r e c i s e l y  h a l f  way between t h e  extreme h igh  s t a n d  and 

t h e  extreme low s t a n d  exper ienced dur ing  t h e  p a s t  t h r e e  and 

one-half mi l l enn ia .  I n  t h i s  con tex t ,  t h e  1937-79 nnormaln 

in f low might be considered t o  r ep re sen t  t h e  average inf low 

c o n d i t i o n  o f  t h e  p a s t  3500 radiocarbon years .  Note t h a t  t h i s  

s imple  comparision does no t  p re t end  t o  speak t o  t h e  amount of- 

t i m e  t h a t  t h e  l a k e  spen t  a t  d i f f e r e n t  e l e v a t i o n s  dur ing  l a t e  

Holocene t i m e  . I .. 

Well-founded concern over  f u t u r e  changes i n  climate 

dictates t h a t  proxy records  such a s  t h e  Mono Lake f l u c t u a t i o n  

curve  be used t o  h e l p  d e f i n e  t h e  range of  c l i m a t i c  cond i t i ons  

t o  which a reg ion  has  been (and by  in fe rence ,  might i n  t h e  

f u t u r e  be) sub jec t ed .  ~ o t e  i n  t h i s  regard  t h a t ,  i n  t h e  

absence of water  d ive r s ions ,  Mono Lake would today be i n  t h e  

p r o c e s s  of a r i s e  t h a t  began i n  approximately 1966. How long  

t h e  hydroc l ima t i c  cond i t i ons  favor ing  l a k e  expansion w i l l  

con t inue  i s  impossible  t o  p r e d i c t .  What hydroc l imat ic  

c o n d i t i o n s  l i e  beyond t h e  nex t  would-be h igh  s t a n d  of t h e  

l a k e  i s  a ques t ion  of even g r e a t e r  importance. I n  t h i s  

r e g a r d  it i s  wel l  t o  p o i n t  ou t  t h a t  no t  s i n c e  pre-Gold Rush 

t i m e  ha s  t h e  Mono Basin, and by ex tens ion  c e n t r a l  C a l i f o r n i a ,  

exper ienced  drought cond i t i ons  of t h e  s e v e r i t y  and du ra t ion  

neces sa ry  t o  f o r c e  Mono Lake t o  t h e  low l e v e l s  t h a t  

c h a r a c t e r i z e d  h a l f  o r  more of t h e  p a s t  thousand years ,  and 

most i f  n o t  a l l  of t h e  previous  millennium. Viewed i n  t h e  



c o n t e x t  of t h e  past 2000 years ,  t hen ,  t h e  urban,  

a g r i c u l t u r a l ,  and i n d u s t r i a l  development of  c e n t r a l  

C a l i f o r n i a  must b e  seen  t o  have occu r r ed  du r ing  a p e r i o d  of  

u n u s u a l l y  f a v o r a b l e  (hyd r i c )  c l i m a t i c  c o n d i t i o n s .  Based on 

t h e  l a k e  f l u c t u a t i o n s  o f  t h e  p a s t  millennium, one might 

v e n t u r e  tha t ,  an thropogenic  mod i f i ca t i on  o f  the  a tmospher ic  ' 

sys tem a s i d e ,  a drought  s u f f i c i e n t l y  x e r i c  and prolonged t o  

d i m i n i s h  t o d a y ' s  e q u i l i b r i u m  s u r f a c e  a r e a  o f  Mono Lake 

(60,000 acres) by a t h i r d  o r  more might l i e  j u s t  a f e w  y e a r s  

or decades  i n  t h e  f u t u r e .  



Footnotes 

1 On the other hand, the accumulation of sediment is of importance in 
understanding long-term (1000s of years) changes in the relationship 
between elevation, volume, and salinity of the lake. Assuming a 
sedimentation rate of 77 cm per millinnium, for example, the lake 5000 
years ago, standing at an elevation of 6368 feet, had a volume equal 
that of today's (pre-Paoha) lake at an elevation of 6380 feet. 

2 A terminal lake spends an infinitesimal amount of time in equilibrium 
with climatic conditions. Any true :balancen that is struck between 
inflow and outflow is only momentary. Whether it be on a daily, 
seasonal, annual, or secular level, the lake is almost always shrinking 
(in response to a negative change in storage), or swelling (in response 
to a positive storage change). 

"Insulosityn is defined by.. nutchinson (1957) as the precentage of the 
area within the shoreline contour that is occupied by islands. 

The disparity between these EI and ESI values results from the fact 
that in 1919, when the rising lake reached its Historic High Stand, it 
had not come into equilibrium with the hydroclimatic conditions that 
forced the transgression. Using the Vorster model (see pg. 360) it can 
be shown that, had these hydroclimatic conditions persisted 
indefinitely, the lake would have continued its rise to the present day 
and beyond, ultimately stablizing in the year' 2202 at an elevation of 
approximately 6463 feet. 

5 Annual variation in evaporation from the surface of Mono Lake almost 
surely falls within &lo% of the mean modern value. Even if the 
long-term mean evaporation were to change to the assumed upper or lower 
limit of the modern range, the resultant changes in lake level would be 
of relatively small magnitude and would require long periods of t ime .  
It can be demonstrated using the Vorster model that with the lake 
surface in equilibrium with modern hydroclimatic conditions (thus, 
standing at an elevation of 6432 feet), a 10% increase in evaporation 
would draw the lake to an equilibrium level of 6409 feet in 244 years; 
a 10% decrease in evaporation would force a rise to an equilibrium level 
of 6466 feet in 429 years. Thus, even at the assumed extremes of the 
modern range, evaporation can not, in and of itself, account for the 
range of lake fluctuations that have occurred during late Holocene time. 
The inflow conditions necessary to account for the magnitude and 
duration of the late Holocene lake fluctuations, on the other hand, do 
fall well within the range of modern conditions (see discussion, pg. 
370). This constitutes further justification for using inflow as the 
variable term. 

Forty-five inches is the average freshwater evaporation rate for the 
Mono Basin. In computing effective inflow, this rate must be corrected 
for fluctuations in the salinity of the lake. See Vorster, 1985. 



CHAPTER 7 

CORRELATIONS 

From a Quate rnary  p a l e o c l i m a t i c  pe r spec t ive ,  t h e  

wes t - cen t r a l  Great  Basin . , . ( including t h e  e a s t e r n  S i e r r a  

Nevada) is  one of  t h e  most p rovoca t ive  r eg ions  i n  t h e  world. 

Here, changes i n  c l ima te  a r e  expressed no t  only  i n  t h e  

f l u c t u a t i o n s  of  c lo sed  l akes ,  b u t  i n  vary ing  degrees  of  

g l a c i a l  a c t i v i t y ,  i n  changing d i s t r i b u t i o n s  of  p l a n t  spec i e s ,  

and i n  t h e  l eng thy  t r e e - r i n g  record  of  t h e  b r i s t l e c o n e  p i n e  

P a s t  a t t e m p t s  t o  c o r r e l a t e  t h e  p a l e o c l i m a t i c  r eco rds  

d e r i v e d  from t h e s e  d i f f e r e n t  proxy i n d i c a t o r s  have r e s u l t e d  

i n  c o n s i d e r a b l e  confusion;  non-corroboration i s  common, 

whi le  c o n t r a d i c t i o n  is  not  r a r e .  Much of  t h i s  confusion 

stems from d i f f e r e n c e s  i n  t h e  response t ime,  t h e  response 

t h r e s h o l d s ,  and t h e  degree  of r e s o l u t i o n  of t h e  v a r i o u s  

i n d i c a t o r s ;  from problems i n h e r e n t  i n  d a t i n g  t h e  d i f f e r e n t  

r eco rds ;  and from o u t r i g h t  m i s i n t e r p r e t a t i o n  of  t h e  records .  

With t h e s e  problems i n  mind, t h e  fo l lowing  d i scuss ion  

examines t h e  v a r i o u s  proxy i n d i c a t o r s  of l a t e  Holocene 

c l i m a t i c  change i n  t h e  west-centra l  Great  Basin, and 



t e n t a t i v e l y  c o r r e l a t e s  t h e s e  proxy records  wi th  t h e  

f l u c t u a t i o n s  of Mono Lake. 

W i t h  nt- 

-. The manner i n  which a l a k e  responds t o  a given 

change i n  hydroc l ima t i c  cond i t i ons  depends on a  v a r i e t y  of  . 

f a c t o r s .  A shal low l a k e  t h a t  occupies  a broad, f l a t - f l o o r e d  

b a s i n  a d j u s t s  i t s  s u r f a c e  ,.. a r e a  f a s t e r ,  and with  sma l l e r  

changes i n  volume and s u r f a c e  e l eva t ion ,  t han  a deep l a k e  

n e s t l e d  a g a i n s t  s t e e p  mountain wa l l s ,  a l l  o t h e r  f a c t o r s  be ing  

e q u a l .  This  d i f f e r e n c e  i n  response t ime can l e a d  t o  

confusion i n  comparing two o r  more l a c u s t r i n e  records :  a 

brief p e r i o d  of  extremely hydr i c  cond i t i ons  can cause a  

monumental expansion of t h e  shal low lake ,  while having only a 

minor e f f e c t  on t h e  deep lake ;  a prolonged p e r i o d  of 

moderate ly  h y d r i c  cond i t i ons ,  on t h e  o t h e r  hand, p rov ides  t h e  

deep l a k e  wi th  t ime  t o  s u b s t a n t i a l l y  i n c r e a s e  i t s  s u r f a c e  

a r e a ,  whi le  f o r c i n g  t h e  shal low l a k e  t o  expand r a p i d l y  t o  

on ly  a moderate s i z e .  Thus, under t h e  hypo the t i ca l  c l i m a t i c  

sequence desc r ibed  he re  t h e  two l a k e s  would a t t a i n  t h e i r  

r e s p e c t i v e  h i g h e s t  s t a n d s  a t  d i f f e r e n t  t imes,  even though 

t h e y  w e r e  s u b j e c t e d  t o  t h e  same hydroc l imat ic  cond i t i ons  and 

changes.  

Other f a c t o r s  t h a t  i n f luence  t h e  response of  a c lo sed  

l a k e  t o  a  hydroc l imat ic  change inc lude  i t s  s u s c e p t i b i l i t y . t o  



d e s i c c a t i o n  a n d / o r  overf low,  t h e  t y p e  and d e n s i t y  of t h e  

s u r r o u n d i n g  v e g e t a t i o n ,  t h e  a q u i f e r  c h a r a c t e r i s t i c s  of 

s u r r o u n d i n g  s u b s t r a t e s ,  t h e  r a t i o  of l ake -a rea  t o  bas in -a rea ,  

and t h e  d e g r e e  t o  which it i s  i n f l u e n c e d  by t h r e s h o l d  

r e s p o n s e s  t h a t  a b r u p t l y  i n c r e a s e  or d e c r e a s e  i n f l o w  

( c o n s i d e r ,  i n  t h i s  l a s t  r e g a r d ,  t h e  Tahoe-Pyramid 

r e l a t i o n s h i p  described on pg.  4 ) .  Because of t h e s e  t y p e s  o f  
I 

bas in - to -bas in  d i f f e r e n c e s ,  e a c h  c l o s e d  l a k e  must be e x p e c t e d  

t o  respond t o  a  g i v e n  h y d r o c l i m a t i c  change i n  a manner 
I 

p e c u l i a r  t o  t h a t  l a k e .  Thus, even i f  it i s  assumed t h a t  t h e  

c l i m a t i c  c o n d i t i o n s  a f f e c t i n g  t h e  c l o s e d  l a k e s  o f  t h e  wes te rn  (I 

Grea t  B a s i n  o v e r  a p e r i o d  o f  some thousands  of y e a r s  have 

been t h e  same, a n d  t h a t  t h e  l a k e s  are f l u c t u a t i n g  s o l e l y  m 

because  of t h e s e  changes, d i f f e r e n c e s  i n  t h e i r  b e h a v i o r  must 
I 

be e x p e c t e d .  With t h i s  i n  mind, and i n  t h e  absence  of a  

h y d r o l o g i c a l  model f o r  each  o f  t h e  c l o s e d  l a k e s  i n  q u e s t i o n ,  

o n l y  t h e  b r o a d e s t  c o r r e l a t i o n s  can  r e a l i s t i c a l l y  be 

a t t e m p t e d .  

One f u r t h e r  impediment t o  c o r r e l a t i n g  t h e  Mono 

f l u c t u a t i o n s  w i t h  t h o s e  of o t h e r  l a k e s  must be no ted .  The 
. . 

b e h a v i o r  o f  t h e  l a k e s  c o n s i d e r e d  here- -Sear les ,  Pyramid, 
I 

W a l k e r ,  and  Carson--have been s t u d i e d  o n l y  i n  g e n e r a l  t e r m s .  

Indeed,  t h e s e  wa te r  b o d i e s  l a c k  wcurves"  a s  such;  I 

f l u c t u a t i o n  r e c o r d s  c o n s i s t  i n  many c a s e s  of d a t e s  on 

r e c o g n i z e d  h i g h e s t  and /o r  lowes t  s t a n d s .  The d i s c u s s i o n  t h a t  I 



fol lows,  t h e r e f o r e ,  compares t h e  t iming  of t h e  recognized 

h igh  and low s t a n d s  a t  o t h e r  l a k e s  wi th  t h e  Mono Lake record .  

S-_Lake. S e a r l e s  Lake l i e s  between t h e  S i e r r a  

Nevada and Death Valley,  approximately 200 mi l e s  t o  t h e  sou th  

of  Mono Lake. H i s t o r i c a l l y  it has  contained water on ly  i n  

t h e  w e t t e s t  years ,  when it rece ived  runoff  from t h e  smal l  - 

i n . t e rmi t t en t  s t reams of t h e  surrounding d e s e r t  ranges .  It 

becomes a  l a r g e  and p e r s i s t e n t  f e a t u r e  only  when Owens and 

China l a k e s  overflow, pe rmi t t i ng  t h e  Owens River  t o  reach i t s  

sho res .  

G . I .  Smi th ' s  c l a s s i c  work (1979) on t h e  l a te  Cenozoic 

f l u c t u a t i o n s  of S e a r l e s  Lake inc ludes  on ly  a gene ra l i zed  and 

fragmentary h i s t o r y  of l a t e  Holocene t i m e .  The on ly  r e l i a b l e  

radiocarbon d a t e  from t h e  Holocene p o r t i o n  of  t h e  s e c t i o n  

(3590 +I90 y r s  BP)  l i e s  w i th in  muds t h a t  i n d i c a t e  t h e  

presence  of a  l a k e  a t  t h a t  t ime .  The correspondence between 

t h i s  h igh s t a n d  of  S e a r l e s  Lake and t h e  Mono Lake High Stand 

(3490 290) i s  s t r i k i n g .  

d T,&. Pyramid Lake, Nevada ( see  a l s o  pg. 4 )  

l ies  140 mi l e s  t o  t h e  n o r t h  of Mono Lake. It r e c e i v e s  t h e  

bulk of  i t s  inf low from Lake Tahoe by way of t h e  Truckee 

River .  When Tahoe drops below i t s  l i p ,  a s  it has  on s e v e r a l  

occas ions  dur ing  t h e  pe r iod  of h i s t o r i c  record,  Pyramid Lake 

is  depr ived  of t h e  bulk of i t s  inf low.  When Pyramid r i s e s  t o  

above 3863 f e e t ,  it "sharesw t h e  Truckee wi th  Winnemucca 



Slough. 

The l a t e  Holocene f luc tua t ions  of Pyramid Lake have ye t  

t o  be descr ibed i n  d e t a i l ,  though Born ( l972) ,  . Davis ( l982) ,  

and o t h e r s  have provided information on i t s  surface  e levat ion  

a t  c e r t a i n  p o i n t s  i n  l a t e  Holocene time. Born's curve 

inc ludes  a r i s e  i n  lake  l e v e l  beginning about 3500 BP, 

followed by a recess ion  t h a t  culminates about 2000 BP ( t h i s  
I . .  

transgression/recession-constitutes Born's "Cycle 11"). 

According t o  him t h e  l ake  remained r e l a t i v e l y  low u n t i l  

sometime a f t e r  670 BP, when it reached another  high s tand.  

A t  t h e  l e v e l  of genera l i za t ion  t h a t  cha rac te r i zes  Born's 

curve, t h e  f l u c t u a t i o n s  of,Pyramid Lake c o r r e l a t e  wel l  with 

t h e  most s t r i k i n g  f e a t u r e s  of t h e  Mono Lake curve. Indeed, 

t h i s  general ized i n t e r p r e t a t i o n  of t h e  l a t e  Holocene por t ion  

of t h e  Pyramid record  could just as well  be appl ied  t o  t h e  

g e n e r a l i t i e s  of t h e  Mono curve. 

H&lker Lake. Paleocl imatic  i n t e r p r e t a t i o n  of t h e  

su r face  f l u c t u a t i o n s  of Walker Lake (north of Hawthorne, 

Nevada, between Mono and Pyramid l akes )  i s  complicated by t h e  

tendency of t h e  Walker River t o  s h i f t  course a t  t imes and 

flow i n t o  t h e  Carson Sink (see pg. 4 ) ' .  To t h e  ex ten t  t h a t  

t h e  Walker River has been t r i b u t a r y  t o  Walker Lake over  t h e  

p a s t  3500 years ,  broad cor re la t ions  between t h e  Mono curve 

and t h e  Walker and Carson curves should be expected. 

Benson's (1978, 1981) d a t e  of 2970 2 8 5  BP on t u f a  ly ing  



s t a n d s ,  e a c h  of which was fo l lowed  by  a p e r i o d  of nea r -  t o  

t o t a l  d e s i c c a t i o n .  The l a c u s t r i n e  d e p o s i t s  a s s o c i a t e d  w i t h  

a t  1252 m ( f i v e  m e t e r s  above Walker L a k e ' s  h i s t o r i c  h i g h  

s t a n d )  i n d i c a t e s  t h a t  3000 y e a r s  a g o  i t s  s u r f a c e  w a s  a t  a 

r e l a t i v e l y  h i g h  l e v e l .  (Benson d o e s  n o t  m a i n t a i n ,  however, 

t h a t  t h i s  d a t e  r e p r e s e n t s  t h e  l a t e  Holocene h i g h  s t a n d  of 

Walker Lake.)  O t h e r  t u f a  d a t e s  o f  Benson (2185 f 80 a t  1 ,211  

m; 1720 2 80 a t  1222 m; : # I 3 3 5  + 75 a t  1216 m; 1205 f 75 a t  

1229 M ) ,  as  w e l l  as a t u f a  d a t e  c o l l e c t e d  by  Mark Newton o f  

t h e  U n i v e r s i t y  of Sou the rn  C a l i f o r n i a  (2135 y r s  a t  1243.5 m; 

p e r s o n a l  communication, 2/2/87)  s u g g e s t  t h a t  f rom 2185 BP t o  

a t  l e a s t  1205 BP t h e  l a k e  s p e n t  much t i m e  s i g n i f i c a n t l y  ( t o  

4 1  m) below i t s  h i s t o r i c  h i g h  s t a n d .  Indeed,  Benson b e l i e v e s  

t h a t  t h e  l a k e  may have d r i e d  comple te ly  a round  2000 y e a r s  ago  

( p e r s o n a l  communication, 9 /22 /86) .  Here a g a i n ,  t h e n ,  t h e r e  

seems t o  b e  g e n e r a l  c o r r e l a t i o n  w i t h  the  Mono Lake ' s  

Dechambeau Ranch High S tand ,  as w e l l  as w i t h  t h e  Marina Low 

S t a n d  and t h e  modera te  t o  low l e v e l s  t h a t  c h a r a c t e r i z e d  Mono 

Lake d u r i n g  t h e  mi l lennium from 2000-1000 y e a r s  ago .  No 

known i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  p r e - h i s t o r i c  

f l u c t u a t i o n s  of Walker Lake f o r  the  p a s t  mi l lennium.  

-. The l a t e  Holocene f l u c t u a t i o n s  o f  Carson 

Lake, between Walker and  Pyramid l a k e s  i n  w e s t e r n  Nevada, 

have  been  d e s c r i b e d  by R.B. Morr i son  (1965) .  Dur ing  t h e  p a s t  

3500 y e a r s ,  a c c o r d i n g  t o  him, Carson Lake a t t a i n e d  f i v e  h i g h  



t h e s e  l a k e  t r a n s g r e s s i o n s  and r eces s ions  c o n s t i t u t e  h i s  

F a l l o n  Formation. 

Morrison d a t e s  t h e  earliest ( a l s o  t h e  h i g h e s t )  of  t h e  

h igh  s t ands  a t  3500 t o  3200 y e a r s  ago. The onse t  of t h i s  

h igh  s t a n d  co inc ides  wi th  t h a t  of t h e  Mono High Stand.  The 

most extreme of t h e  d e s i c c a t i o n  phases  a t  Carson Lake 

occur red  "between t h e  second and t h i r d  Fa l lon  l a k e s  du r ing  

t h e  1 3 t h  cen tu ry  AD", a t ime when Mono Lake was a l s o  low. 

Unfor tuna te ly  Morrison does n o t  provide d a t e s  on any of t h e  

o t h e r  p r e - h i s t o r i c  f l u c t u a t i o n s .  

D_er_lakes. I n  a d d i t i o n  t o  t h e s e  c lo sed  lakes a r e  

s e v e r a l  o t h e r  water  bodies  whose behavior  can be  used t o  

i l l u m i n a t e  c l i m a t i c  cond i t i ons  i n  and nea r  t h e  western  Great  

Basin  dur ing  l a t e  Holocene t ime .  Batchelder  (1970a and b) 

i n f e r r e d  t h e  Holocene dynamics of Black Lake, 25 m i l e s  t o  t h e  

s o u t h e a s t  of  Mono Lake, on t h e  b a s i s  of sediment chemistry,  

f o s s i l  molluscs,  and m i c r o f o s s i l s  of a q u a t i c  vege t a t i on .  

H a l l  (1983) i n t e r p r e t s  t h e  Black Lake record  t o  t h e  e f f e c t  

t h a t  " r e l a t i v e l y  more moist  cond i t i ons  a r e  apparent  3600-2100 

BP". He f u r t h e r  no t e s  t h a t  t h e  l a k e  may have been n e a r l y  d ry  

a f t e r  2100 BP. Th i s  i n t e r p r e t a t i o n  i s  i n  obvious agreement 

wi th  t h e  Mono curve,  a s  we l l  a s  wi th  t h e  l a k e  l e v e l  r eco rds  

from S e a r l e s ,  Pyramid, Walker, and Carson l a k e s .  

Informat ion confirming t h e  e x i s t e n c e  of  r e l a t i v e l y  x e r i c  

c o n d i t i o n s  near  t h e  t u r n  of t h e  l a s t  millennim, when Mono 



Lake reached extremely low l e v e l s ,  comes from nea r  t h e  

no r th -cen t r a l  S i e r r a n  c r e s t .  S e r c e l j  and Adam (1975) no t e  

t h a t  Osgood Swamp (a  few mi les  sou th  of Lake Tahoe) d r i e d  a t  

t h i s  t ime,  p e r m i t t i n g  co lon iza t ion  of t h e  s i t e  by t r e e s .  One 

o f  t h e  stumps a t  Osgood y i e lded  a radiocarbon d a t e  of  910 +85 

BP, v i r t u a l l y  i d e n t i c a l  t o  t h e  d a t e  on stumps t h a t  grew low - 

on Mono sho re l ands  dur ing  t h e  Lee Vining Creek Low Stand.  

A t  nearby Rals ton  Ridge Bog (-10 mi les  southwest of  Lake 

Tahoe) t h e s e  same au tho r s  found a success ion  of f o u r  

hor izons ,  marked by t h e  r o o t s  of t r e e s  and e r icaceous  shrubs,  

i n  sediments t h a t  r ep re sen t  t h e  pe r iod  from approximately 

2000 t o  1000 y r s  BP. According t o  them, t h e  r o o t  hor izons  

( t h e  upper two of which have been da t ed  a t  1150 and 1350 BP) 

r e p r e s e n t  t imes  of bog des i cca t ion ,  when woody vege ta t ion  

co lon ized  what i s  today a pa luda l  environment. The presence 

of t h e s e  r o o t  hor izons ,  l i k e  t h e  l a c k  of g l a c i a t i o n  i n  t h e  

S i e r r a ,  and t h e  low l e v e l s  t h a t  p e r s i s t e d  a t  Walker, Mono, 

and Pyramid l a k e s ,  p o i n t  t o  r e l a t i v e l y  x e r i c  cond i t i ons  

du r ing  t h e  l as t  millennium. 

Th-. The l a t e  Holocene g l a c i a l  record  is  a 

p o t e n t i a l l y  va luab le  source  of  pa l eoc l ima t i c  informat ion.  

I n t e r p r e t e d  c o r r e c t l y ,  it can be used t o  def ine ,  i n  a gene ra l  

way, t imes  when c l i m a t i c  condi t ions  favored snow accumulation 



and i c e  advance. 

Like any proxy indicator of climatic change, however, 

t he  g lac ia l  record i s  a f f l i c t e d  w i t h  in terpret ive  constraints  

t h a t  mus t  be appreciated i f  meaningful correlat ions w i t h  

other paleoclimatic indicators are  t o  be made. These 

constra ints  have recently1 been discussed by Porter (1981, 

1982). He notes tha t  because of problems related t o  the  

dating of g l ac ia l  deposits, t o  the  incompleteness of the  

g l a c i a l  record due t o  obl i tera t ion of older deposits by 

subsequent ice  advance, and t o  definit ion of the  relat ionship 

between cl imatic change and glacier  response (including lag 

time, accumulation and wastage thresholds, and non-stable 
1 

responses such as  calving and surging), "paleoclimatic 

in te rpre ta t ions  based on glacial-geologic data a re  l i ke ly  t o  

be imperfect and generally qual i ta t ive  i n  naturen (Porter, 

1981). 

On t h e  basis  of morainal form, topographic relationships, and 

boulder-weathering ra t ios ,  Birman (1964)  recognized deposits 

associated with three post-Tioga g lac ia l  advances i n  the  

cen t ra l  Sierra  Nevada: the  Hilgard (oldest ) ,  t he  Recess 

Peak, and the  Matthes (youngest) .l In the  absence of 

absolute dates, he considered these deposits t o  be l a t e  

Holocene (post-"Thermal Maximum") i n  age. Subsequent 

workers, however, regard only the Matthes and Recess Peak 



advances  a s  p r o d u c t s  of t h e  l a t e  Holocene, and t e n t a t i v e l y  

a s s i g n  t h e  H i l g a r d  advance t o  l a t e s t  P l e i s t o c e n e  or e a r l i e s t  

Holocene t i m e  ( e .g .  Curry, 1969, 1971; Morrison,  1965; 

Bateman and Wahrhaft ig,  1966; G i l l e s p i e ,  1982; Burke and 

B i r k e l a n d ,  1 9 8 3 ) .  Work by Curry (op c i t ;  see a l s o  Burke and 

B i r k e l a n d ,  op  c i t )  sugge5,ts t h e  p r e s e n c e  of a n o t h e r ,  y e t  

unnamed, l a t e  Holocene g l a c i a l  advance t h a t  l i e s  between t h e  

Recess Peak and Mat thes  q l a c i a t i o n s .  

The a g e s  of t h e s e  l a te  Holocene d e p o s i t s  were e s t i m a t e d  

by Curry  (op  c i t )  on t h e  basis of  l i c h e n o m e t r i c  a n a l y s i s .  H e  

found t h a t  t h e  Mat thes  moraines  t y p i c a l l y  c o n s i s t  o f  t h r e e  

s e p a r a t e  crests, t h e  o u t e r  o f  which is  c o l o n i z e d  by l i c h e n s  

whose d i a m e t e r s  s u g g e s t  an '  a g e  o f  appr 'oximately 620 y e a r s ;  

l i c h e n s  on t h e  middle  crest p r o v i d e  a n  age  o f  approx imate ly  

330 y e a r s ,  w h i l e  t h o s e  on t h e  i n n e r  crest y i e l d  a n  e s t i m a t e  

of 250 y e a r s .  The Recess Peak moraines d i s p l a y  a n  o u t e r  and 

a n  i n n e r  crest, which p r o v i d e  l i c h e n o m e t r i c  d a t e s  of 

approx imate ly  2600 y e a r s  and 2000 y e a r s ,  r e s p e c t i v e l y .  

A n a l y s i s  o f  t h e  l i c h e n  cover  on d e p o s i t s  a s s o c i a t e d  w i t h  

C u r r y ' s  unnamed g l a c i a l  advance y i e l d  a n  age  of approx imate ly  

1100 y e a r s .  

I t  i s  c l e a r  from Cur ry ' s  and Birman's  work t h a t  d u r i n g  

l a t e  Holocene t i m e  g l a c i a l  advance h a s  been t h e  e x c e p t i o n  

r a t h e r  t h a n  t h e  r u l e .  The r e c o r d  of g l a c i a t i o n  from t h e  

S i e r r a  Nevada i s  t h u s  d i s c o n t i n u o u s ,  w i t h  g l a c i a l  p u l s e s  



a l t e r n a t i n g  with per iods of ice- f ree  condi t ions.  I n  a 

pa leocl imat ic  sense t h e  l a t e  Holocene g l a c i a l  record from t h e  

S i e r r a  Nevada i s  analagous t o  a f l u c t u a t i o n  curve f o r  a lake  

t h a t  conta ins  water only i n  t h e  most hydr ic  t imes.  

-. In comparing t h e  l a t e  Holocene g l a c i a l  

chronology of t h e  S i e r r a  k i t h  t h e  Mono Lake f l u c t u a t i o n  

curve, it i s  i n i t i a l l y  necessary t o  t ake  account of s e v e r a l  

problems r e l a t e d  t o  dat ing:  F i r s t ,  because of u n c e r t a i n t i e s  

i n  h i s  l ichenometr ic  growth curve, Curry considers  t h e  da tes  

on t h e  Matthes depos i t s  t o  be accura te  only t o  within 50 t o  

100 years;  according t o  him t h e  da tes  on t h e  Recess Peak and 

"unnamedw depos i t s  a r e  l e s s  accurate ,  perhaps t o  within 

100-300 years .  Secondly, whereas t h e  Mono f l u c t u a t i o n  curve 

i s  based on radiocarbon da tes ,  Curry's  l ichen  curve i s  based 

on both  radiocarbon and t r e e  r i n g  dates;  d i f f e rences  i n  t h e  

dendro- and radiocarbon time s c a l e s  of 100  years  o r  more must 

be expected. F ina l ly ,  and most importantly,  t h e  r e l a t i o n s h i p  

between t h e  l i c h e n  da tes  and t h e  c l ima t i c  chronology has been 

misconstued by most workers i n  t h e  S i e r r a  Nevada. Lichens 

colonize  a moraine only a f t e r  t h e  depos i t  has  s tab l ized-- tha t  

is,  a f t e r  t h e  i c e  has receded from its terminal  pos i t ion .  

Colonization t y p i c a l l y  commences about one t o  f i v e  decades 

a f t e r  s t a b l i z a t i o n .  Thus, t h e  l i chen  da tes  on t h e  S ie r ran  

moraines do not represent  t h e  onset of i c e  advance, o r  t h e  

g l a c i a l  maximum, a s  some workers have in fe r red ,2  but  r a t h e r  a 



t ime some decades a f t e r  t h e  t e rmina t ion  of t h e  g l a c i a t i o n .  

I n  s h o r t ,  a l i chenomet r ic  d a t e  marks a  t ime of change t o  

non-g lac ia l  c l ima te ,  r a t h e r  t han  t h e  beginning o r  peak of a 

climate conducive t o  i c e  advance. Lichens cannot be  used t o  

d a t e  t h e  onse t  of g l a c i a l  condi t ions ;  such informat ion must 

be  i n f e r r e d  from o t h e r  proxy i n d i c a t o r s  of c l i m a t i c  change. - 

Even i n  l i g h t  of t h e  d a t i n g  l i m i t a t i o n s  o u t l i n e d  above, 

t h e  s i m i l a r i t i e s  between$he Mono Lake curve and t h e  g l a c i a l  

r e c o r d  a r e  marked. The t h r e e  s t a d e s  of Matthes 

g l ac i a t i on - - the  t e rmina t ions  of which a r e  l i chenomet r i ca l ly  

d a t e d  a t  w i th in  50-100 years  of 620, 330, and 250 y r s .  

BP--are reasonably c o r r e l a t e d  wi th  t h e  l a k e  t r a n s g r e s s i o n s  

t h a t  culminated approximately 605 c a l  BP, 460 cal BP, and 290 

cal BP. It i s  tempting t o  c o r r e l a t e  Cur ry ' s  unnamed 

g l a c i a t i o n  ( t e rmina t ion  d a t e  = approximately 1100 + 300 y r s  

ago) wi th  t h e  l a k e  h igh  s t and  t h a t  ended s h o r t l y  a f t e r  866 

cal  BP. The apparent  l a c k  of g l a c i a t i o n  dur ing  t h e  pe r iod  

between 2000 t o  1000 y e a r s  ago3 i s  what one would p r e d i c t  

based on t h e  c o n s i s t e n t l y  moderate-to-low l e v e l s  t h a t  

c h a r a c t e r i z e d  Mono Lake dur ing  t h a t  millenium. The e a r l i e s t  

s t a d e  of  Recess Peak g l a c i a t i o n ,  which, i n c i d e n t l y ,  is  t h e  

most e x t e n s i v e  of t h e  l a t e  Holocene g l a c i a t i o n s  of  t h e  S i e r r a  

Nevada, may w e l l  have begun around 3490 yea r s  BP, a s  Mono 

Lake was r i s i n g  t o  i t s  Holocene High Stand.  The l a c k  of a 

l a k e  l e v e l  c o r r e l a t e  f o r  t h e  f i n a l  s t a d e  of t h e  Recess Peak 



glaciation--the termination of which is lichenometrically 

dated at 2000 rt 300 years--may be attributable to the 

discontinuity of the lake fluctuation curve during this time 

period. 

mmrv. The study of fossil pollen has been of 
'.. 

tremendous importance in 'illuminating the nature and timing 

of Quaternary changes in vegetation (and by extension, 

changes in climate). Because of the widespread distribution 

of environments in which pollen accumulates, palynology can 

be applied to more of the earth's terrestrial surface than 

perhaps any other method of paleoclimatic reconstruction. 

The technique is made all the more attractive by the 

often-continuous nature of the record that can be extracted 

from such sites. 

Palynoclimatology is particulary valuable when applied 

to questions of medium- and long-term changes in climate 

(i.e. changes that occur on the scale of thousands or tens of 

thousands of years). The technique is not ideally suited, 

however, for detecting climatic changes that occur on the 

scale of decades or centuries, even when these changes are of 

greater magnitude than those of the longer term. This is 

because the response time of a climate-induced vegetation 



change ( i n c l u d i n g  b o t h  t h e  i n i t i a l  r e a c t i o n  t i m e ,  and  t h e  

t i m e  r e q u i r e d  t o  p r o g r e s s  t o  a n  e q u i l i b r i u m  s t a t e )  i s  

t y p i c a l l y  l o n g e r  t h a n  decades  o r  c e n t u r i e s .  M.B. Davis  

(1982) ,  for  i n s t a n c e ,  n o t e s  t h a t  c l i m a t i c  changes such  as t h e  

0 . 3 ' ~  d r o p  i n  t e m p e r a t u r e  t h a t  c h a r a c t e r i z e d  t h e  p e r i o d  

1950-1970, and t h e  0.6OC t e m p e r a t u r e  rise of t h e  p e r i o d  

1880-1950, are n o t  r e p r e s e n t e d  i n  t h e  p o l l e n  r e c o r d  f r o m  t h e  

c e n t r a l  and  e a s t e r n  Uni ted  S t a t e s ;  fu r the rmore ,  a c c o r d i n g  t o  

h e r ,  t h e  more pronounced d rop  i n  t e m p e r a t u r e  ( lo -1 .5 '~  by  h e r  

estimate) t h a t  c h a r a c t e r i z e d  the 400-year-long p e r i o d  from 

a round  AD 1450 t o  1850 shows i t se l f  i n  t h e  p o l l e n  r e c o r d  

"only  i n  a s m a l l  p r o p o r t i o n  o f  sitesww i n  t h o s e  s e c t i o n s  of  

t h e  c o n t i n e n t .  Any a t t e m p t  t o  c o r r e l a t e  t h e  p o l l e n  r e c o r d  

w i t h  t h e  f l u c t u a t i o n s  of a c l o s e d  l a k e ,  t h e r e f o r e ,  must t a k e  

cogn izance  of t h e  i n h e r e n t  i n c o m p a r a b i l i t y  o f  t h e  two proxy 

i n d i c a t o r s  t h a t  d e r i v e s  from d i f  f&ences  i n  r e sponse  t i m e .  

I t  must a l s o  be  n o t e d  t h a t  d a t i n g  climatic changes from 

t h e  p o l l e n  r e c o r d  i s  t y p i c a l l y  imprec i se ,  n o t  o n l y  because  o f  

t h e  r e l a t i v e  s h o r t a g e  o f  r ad ioca rbon  d a t e s  and t h e  r e s u l t a n t  

dependency on i n t e r p o l a t i o n  t h a t  assumes a c o n s t a n t  rate o f  

s e d i m e n t a t i o n  o v e r  p e r i o d s  of hundreds and even thousands  of 

y e a r s ,  b u t  because  of t h e  t i m e  l a g  a s s o c i a t e d  w i t h  t h e  

r e s p o n s e  of t h e  v e g e t a t i o n  t o  a change i n  climate. T h i s  t o o  

must be t a k e n  i n t o  c o n s i d e r a t i o n  i n  c o r r e l a t i o n s .  

P o l l e n  d iagrams from w i t h i n  o r  n e a r  t h e  wes te rn  Grea t  



B a s i n  are f e w  i n  number and, f o r  r e a s o n s  d i s c u s s e d  above, l o w  

i n  r e s o l u t i o n  r e l a t i v e  t o  t h e  Mono Lake c u r v e .  Adam (1967),  

fo r  example, i n  h i s  s t u d y  o f  Osgood Swamp, lumps t h e  p a s t  

-2900 r a d i o c a r b o n  y e a r s  i n t o  j u s t  one p o l l e n  zone, and  

a s s o c i a t e s  it w i t h  t h e  n e o g l a c i a l  p e r i o d .  A similar  scheme 

w a s  u s e d  by Davis  and o t h e r s  (1985) i n  t h e i r  work w e s t  o f  t h e  

s o u t h e r n  S i e r r a  crest; t h e y  d e s i g n a t e  t h e  p a s t  3000 y e a r s  a s  

t he  "Abies Zone", and a s & i a t e  it w i t h  a ncoo l ,  m o i s t  

c l i m a t i c  regime" t h a t ,  a c c o r d i n g  t o  them, c o n t i n u e s  t o  t h e  

p r e s e n t  day.  It i s  impor tan t  t o  r e a l i z e  t h a t  i n  b o t h  of 

t h e s e  s t u d i e s  the  v e g e t a t i o n  had changed s u f f i c i e n t l y  by 

2900-3000 y e a r s  ago  t o  war ran t  d e s i g n a t i o n  as a s e p a r a t e  

p o l l e n  zone.  N e i t h e r  s t u d y  a d d r e s s e s  t h e  q u e s t i o n  o f  t h e  

s p e c i f i c  t i m e  o f  t h e  c l i m a t i c  change t h a t  f o r c e d  t h e  

v e g e t a t i o n  response .  Was it s e v e r a l  decades ,  a c e n t u r y ,  o r  

f i v e  c e n t u r i e s  p r i o r  t o  3000 y e a r s  ago? 

A t h i r d  p o l l e n  s t u d y ,  from R a l s t o n  Ridge Bog, s p a n s  o n l y  

the l a s t  2600 r a d i o c a r b o n  y e a r s .  The a u t h o r s  ( S e r c e l j  and 

Adam, 1975) r e c o g n i z e  a "major b r e a k w  i n  t h e  r e c o r d ,  from 

r e l a t i v e l y  h y d r i c  v e g e t a t i o n  t o  r e l a t i v e l y  x e r i c  types, a t  a 

l e v e l  c o i n c i d i n g  w i t h  a n  age  which t h e y  e s t i m a t e  a t  

a p p r o x i m a t e l y  2000 y r s  BP--close t o  t h e  t i m e  when Mono Lake 

r e a c h e d  i t s  l a t e  Holocene low s t a n d .  

The p u b l i s h e d  i n t e r p r e t a t i o n  of t h e  middle  p o r t i o n  o f  

t h e  core seems c o n t r a d i c t o r y :  of t h e  f o u r  r o o t  h o r i z o n s  



mentioned above which, according t o  t h e  au tho r s ,  r e p r e s e n t  

p e r i o d s  of  bog des i cca t ion ,  only  t h e  upper two (dated a t  1150 

and 1350 BP) occur  i n  a s s o c i a t i o n  wi th  x e r i c  p o l l e n  types .  

The a u t h o r s  d i s r e g a r d  t h e  lower two roo t  hor izons  i n  t h e i r  

p a l e o c l i m a t i c  i n t e r p r e t a t i o n ,  however, i n f e r r i n g  r e l a t i v e l y  

h y d r i c  cond i t i ons  from t h e  p o l l e n  c o l l e c t e d  a t  t h e s e  same 

l e v e l s .  

P o l l e n  from t h e  uppe r -po r t i on  of t h e  core  i s  i n t e r p r e t e d  

and d a t e d  on t h e  b a s i s  of c o r r e l a t i o n  wi th  t h e  Osgood Swamp 

reco rd .  I p r e f e r  t o  postpone any a t tempt  t o  c o r r e l a t e  t h i s  

p o r t i o n  of t h e  Rals ton Bog record  wi th  t h e  Mono curve u n t i l  

t h e  i n t r i c a c i e s  a t  Rals ton have been independently eva lua ted .  

I n  conclusion,  it seems t h a t  t h e  p o l l e n  record  and t h e  

Mono Lake curve a r e ,  except on t h e  broades t  l e v e l  of 

g e n e r a l i z a t i o n ,  incompatible i n d i c a t o r s  of  c l i m a t i c  change. 

A change t h a t  causes  a  d e t e c t a b l e  r i s e  o r  f a l l  of  Mono Lake 

may be so s h o r t  l i v e d  t h a t  t h e  vege ta t i on  response,  a s  

r e f l e c t e d  i n  t h e  po l l en  r a i n ,  i s  min iscu le  o r  non-exis tent .  

I n  r e g a r d  t o  t h e s e  short- term changes pa lyno log i s t  David 

Madsen (1985) s t a t e s  t h a t  "it is  probably more app rop r i a t e  t o  

use  p h y s i c a l  d a t a  such a s  geomorphological f e a t u r e s  

[ a s s o c i a t e d  wi th  g l a c i e r s  and l a k e s ]  o r  mine ra log ica l / i so tope  

changes [e .g .  a s s o c i a t e d  with sediments e x t r a c t e d  from c losed  

l a k e s ]  . . . t han  it i s  t o  use  l e s s  s e n s i t i v e  proxy d a t a  such 

a s  t h e  n a t u r e  and d i s t r i b u t i o n  of p a s t  p l a n t  c ~ m m u n i t i e s . ~ ~  



~ U T h e B x i s t  lee- - Record 

-. Dendrocl imatology is ,  i n  many ways, a n  

i d e a l  proxy i n d i c a t o r  of c l i m a t i c  change.  A n a l y s i s  o f  t h e  

w i d t h  of a n n u a l  r i n g s  s e l e c t e d . f r o m  trees o f  demonst rable  

c l i m a t i c  s e n s i t i v i t i e s  can  p r o v i d e  a c c u r a t e ,  unbroken, and 

p r e c i s e l y - d a t e d  i n f o r m a t i o n  on t h e  t i m i n g  and  magnitude of 

changes  i n  c l i m a t i c  c o n d i t i o n s .  Depending on t h e  s t a t i s t i c a l  

method used  i n  a n a l y s i s ,  t h e  t e c h n i q u e  can  produce  a r e c o r d  

of e x t r e m e l y  h i g h  r e s o l u t i o n ,  showing v a r i a t i o n s  i n  c l i m a t e  

on t h e  s c a l e  of a decade  o r  less.  For  t h e s e  r e a s o n s  it h a s  

t h e  g r e a t e s t  p o t e n t i a l  f o r . p r o v i d i n g  a "checkn on t h e  Mono 

Lake f l u c t u a t i o n  curve .  

Correlatian. Dendroc l ima to log ica l  i n f o r m a t i o n  d e r i v e d  

by LaMarche and  h i s  co-workers from b r i s t l e c o n e  p i n e  trees 

(Pinus B a i l e y )  i n  t h e  White Mountains o f  

e a s t - c e n t r a l  C a l i f o r n i a  i s  p a r t i c u l a r l y  a p p l i c a b l e  h e r e  

b e c a u s e  of t h e  l e n g t h  o f  t h e  r e c o r d  and t h e  c l o s e  p r o x i m i t y  

of t h e  s t u d y  s i t e  t o  Mono Lake (-50 m i l e s  t o  t h e  s o u t h e a s t ) .  

It i s  of f u r t h e r  i n t e r e s t  because  it i n c l u d e s  indep-endent 

r e c o r d s  of changes  i n  b o t h  t e m p e r a t u r e  and  p r e c i p i t a t i o n .  

LaMarche produced two t r e e - r i n g  i n d i c e s  from t h e  White 

Mountains--the f i r s t ,  a 1160-year-long r e c o r d  b a s e d  on 

20-year r u n n i n g  means (LaMarche, 1974); t h e  second,  a . 
sequence  spann ing  between 5000 and 6000 y e a r s  t h a t  was 



cons t ruc t ed  us ing  100-year running means (Lamarche e t  a l ,  

1 9 7 4 ) .  The use  of a r e l a t i v e l y  l a r g e  running mean i n  t h e  

second sequence masks many of t h e  sp ikes  t h a t  seem t o  

correspond t o  t h e  f l u c t u a t i o n s  of Mono Lake. For t h i s  reason 

t h e  1160-year-long sequence i s  a  h igher - reso lu t ion  record,  

and i s  t h u s  p r e f e r r e d  f o r ~ c o r r e l a t i o n  wi th  t h e  Mono Lake 

f l u c t u a t i o n  curve.  It i s  reproduced he re  f o r  comparison wi th  

t h e  l a k e  f l u c t u a t i o n  curve a s  F igure  25. Note on Figure  25 

t h a t  t h e  dashed curve,  r ep re sen t ing  t h e  r i n g s  of  t r e e s  

s e l e c t e d  from t h e  mois ture -sens i t ive  lower tree l i n e ,  

i n d i c a t e s  changes i n  p r e c i p i t a t i o n ,  while t h e  s o l i d  curve,  

based  on ana lyses  of t r e e s  a t  t h e  co ld - sens i t i ve  upper t r e e  

l i n e ,  is  i n d i c a t i v e  o f  changes i n  temperature .  

Note t h e  s t r i k i n g  correspondence between t h e  

p r e c i p i t a t i o n  curve and t h e  f l u c t u a t i o n s  i n  l a k e  l e v e l .  The 

p e r i o d s  of abnormally wet and dry  pe r iods  shown on t h e  

t r e e - r i n g  curve,  and l i k e l y  c o r r e l a t e s  from t h e  Mono Lake 

curve,  a r e  l i s t e d  below: 

--a pe r iod  o f  p e r s i s t a n t  drought extending,  w i th  minor 
d e v i a t i o n s ,  from b e f o r e  800 AD t o  -1070 AD. A s  would be 

p r e d i c t e d  from t h e  t r e e - r i n g  record,  Mono Lake is low 

( ranging  from 6390 f e e t  t o  t h e  Lee Vining De l t a  Low Stand a t  

6368 f e e t )  du r ing  t h i s  e n t i r e  per iod .  

--a s p i k e  i n d i c a t i n g  a sharp inc rease  i n  mois ture  
a v a i l a b i l i t y  from -1070 t o  -1120 AD. Mono Lake beg ins  an  



EL EVATION (meters) 



ab rup t  t r a n s g r e s s i o n  j u s t  p r i o r  t o  1084 (29) AD, reach ing  t h e  
Pos t  Off ice High Stand s h o r t l y  (a half -century?)  t h e r e a f t e r .  

--persistently dry conditions between -1120 and -1285 AD. 

Mono Lake i s  d e c l i n i n g  o r  low throughout t h i s  p e r i o d  o f  t i m e ,  
r e ach ing  a low s t a n d  
t o  1285 ( 2 4 )  AD. 

( t h e  Simis Ranch Low Stand)  j u s t  p r i o r  

--an abrupt increase in precipitation between AD -1285 and 

-1340. Coincides  wi th  a rise i n  l a k e  l e v e l  between 1285 k 4 )  

AD and 1345 (f20) BP tha t - . cu lmina t e s  i n  t h e  Rush Delta High 
Stand.  

--a period of decreased precipitation, persisting from -1 340 
AD to -1380 AD. Coincides w i th  a d e c l i n e  i n  Mono Lake t o  t h e  
10-Mile Road Low Stand between 1345 AD and s e v e r a l  y e a r s  
p r i o r  t o  1 4 0 0  AD. 

--A wet period persisting, with a brief interuption of 

drought, from AD -1380 to -1480. The t r a n s g r e s s i o n  of  Mono 

Lake t h a t  began j u s t  p r i o r  t o  1400 AD co inc ides  reasonably 
w e l l  w i t h  t h e  i n i t i a l  i n c r e a s e  i n  p r e c i p i t a t i o n ;  t h e  Danberg 
Beach High Stand,  es t imated  t o  have occurred around 1490 AD, 

i s  i n  c l o s e  agreement wi th  t h e  end of  t h i s  w e t  pe r iod .  No 
ev idence  can be found i n  t h e  Mono record,  however, f o r  t h e  
i n t e r v e n i n g  drought suggested i n  t h e  t r e e - r i n g  record.  T h i s  

may be due i n  p a r t  t o  t h e  s h o r t n e s s  o f  t h e  d ry  spell  

( p e r s i s t i n g ,  according t o  Lamarche's curve,  f o r  on ly  about 20 

y e a r s ) ,  and/or  t o  t h e  f a c t  t h a t  t h e  temperature  cond i t i ons  
t h a t  c h a r a c t e r i z e d  t h i s  sho r t - l i ved  d ry  p e r i o d  were 
(accord ing  t o  Lamarche's curve) c o o l e r  t han  a t  any t ime 

' d u r i n g  t h e  p a s t  12 c e n t u r i e s ,  a f a c t  t h a t  would have 

m i t i g a t e d  a shr inkage  of t h e  l ake .  



--decreasing precipitation beginning -1480 AD, and reaching a 

minimum at -1590 AD. This por t ion  of t h e  l ake  curve i s  dated 
only through i n t e r p o l a t i o n .  The  Navy Beach Low Stand, 
es t imated t o  have occurred around AD 1575, may w e l l  have 
a c t u a l l y  occurred c l o s e r  t o  AD 1590.  A more meaningful 
comparison awai ts  radiocarbon da t ing  of t h e  Navy Beach Low 
Stand. 

--a precipitation maximum, beginning in AD -1590 and peaking 
,'. 

at -1620. Mono Lake r i se ' s .  during t h i s  i n t e r v a l  ( the  Clover 
Ranch t r a n s g r e s s i o n ) ,  but ,  according t o  t h e  a v a i l a b l e  
radiocarbon da tes ,  reaches t h e  Clover Ranch High Stand some 
4 0  yea r s  a f t e r  t h e  t ime t h a t  would be predic ted  from t h e  
t r e e - r i n g  record.  Fur ther  d a t e s  on t h e  Clover Ranch High 
Stand may h e l p  exp la in  t h i s  apparent d i s c r e p a n ~ y . ~  

--a period of be1 ow-normal precipitation extending, with 

slight deviations, from AD -1 640 through -1840. Coincides 
with t h e  l a k e  recess ion  of  immediately p r e - h i s t o r i c  time. 

--an increase in precipitation, beginning approximately AD 

1840 and continuing through approximately 2920. Coincides 
with t h e  rise t o  t h e  H i s t o r i c  High Stand i n  1919 AD. 

. . in addi t ion ,  t h e  b r i s t l e c o n e  p ine  record, being of h igher  

r e so lu t ion ,  provides corroborat ion f o r  t h e  Mono curve. 

The r e l a t i v e l y  low reso lu t ion  of t h e  po l l en  and g l a c i a l  

records,  and t h e  discontinuous na ture  of t h e  f l u c t u a t i o n  

records  from nearby lakes,  provides l i t t l e  b a s i s  f o r  

cor robora t ing  t h e  i n t r i c a c i e s  of t h e  Mono Lake curve. 



N e v e r t h e l e s s ,  t h e s e  r e l a t i v e l y  low r e s o l u t i o n  r e c o r d s  do  

p r o v i d e  r e a s o n  t o  b e l i e v e  t h a t  t h e  c l i m a t i c  changes r e f l e c t e d  

i n  t h e  Mono c u r v e  o p e r a t e  r e g i o n a l l y ,  r a t h e r  t h a n  s imply  

l o c a l l y .  

The b r i s t l e c o n e  p i n e  t r e e - r i n g  r e c o r d  i s  t h e  most 

a c c u r a t e l y  d a t e d ,  and t h e . ' h i g h e s t  r e s o l u t i o n  proxy i n d i c a t o r '  

of. c l i m a t i c  change a v a i l a b l e  f o r  t h e  wes te rn  Grea t  Bas in .  A s  

such,  it c a n  be u s e d  t o  "check" t h e  Mono Lake f l u c t u a t i o n  

c u r v e .  Over t h e  p a s t  1200 y e a r s ,  a t  l e a s t ,  t h e  sign--and 

w i t h i n  t h e  c o n s t r a i n t s  of  r a d i o m e t r i c  accuracy ,  t h e  

timing--of f l u c t u a t i o n s  i n  l a k e  l e v e l  can, w i t h  one p o s s i b l e  

e x c e p t i o n ,  be p r e d i c t e d  from t h e  growth-r ing  r e c o r d  o f  

p r e c i p i t a t i o n - s e n s i t i v e  t r e e s .  T h i s  one e x c e p t i o n  i n v o l v e s  

t h e  Clover  Ranch High Stand,  r ad ioca rbon  d a t e d  a t  290 220 c a l  

BP (AD 1640-1680).  Based on t h e  t r e e - r i n g  r e c o r d  one would 

i n f e r  a h i g h  s t a n d  o f  t h e  l a k e  around AD 1620, w i t h  a d e c l i n e  

i n  l a k e  l e v e l  d u r i n g  t h e  e n s u i n g  decades .  The c r i t i c a l  

impor tance  of t h i s  abnormal ly  h i g h  l a k e  l e v e l ,  b o t h  t o  

u n d e r s t a n d i n g  t h e  c a u s a l  c l i m a t i c  c o n d i t i o n s ,  and t o  d a t i n g  

t h e  emergence of Paoha I s l a n d ,  demands t h a t  new rad.iocarbon 

d a t e s  be r u n  on l a k e - t r a n s g r e s s i v e  d e p o s i t s  of Clover  Ranch 

t i m e .  With r e s o l u t i o n  o f  t h i s  a p p a r e n t  d i s c r e p a n c y  i n  mind, 

r o o t e d  stumps,  b e l i e v e d  t o  have been k i l l e d  d u r i n g  t h e  Clover  

Ranch ~ r a n s g r e s s i o n ,  have been c o l l e c t e d  from t h e  wpost-400 

~p s o i l "  on t h e  Rush Creek wDownclover c u t "  ( P l a t e  2C), and 



from an analogous p o s i t i o n  on Lee Vining Creek. 

It i s  important  t o  r e a l i z e  t h a t  whi le  t h e  t r e e - r i n g s  

prov ide  an i n h e r e n t l y  h igher  r e s o l u t i o n  record  t h a n  t h e  Mono 

~ a k e  f l u c t u a t i o n  curve, t h e  l a k e  curve i s  arguably a s impler  

and more s t ra igh t - forward  r e f l e c t i o n  of c l i m a t i c  change, 

i n c o r p o r a t i n g  bo th  temperature  and p r e c i p i t a t i o n  i n t o  a 

s i n g l e  response t h a t  r e f l e c t s  o v e r a l l  water  a v a i l a b i l i t y  f o r  
I - .  

t h e  e a s t - c e n t r a l  Sierra .Nevada.  With a d d i t i o n a l  radiocarbon 

d a t e s  on t h e  l a k e  f l u c t u a t i o n  curve,  and a longer  t r e e - r i n g  

r e c o r d  produced with  20-year running means, it may even tua l ly  

be  p o s s i b l e  t o  combine t h e  two i n d i c e s  t o  produce a p r e c i s e l y  

d a t e d  h i s t o r y  of changes i n  mois ture  a v a i l a b i l i t y  f o r  t h e  

wes t -cen t ra l  Great  Basin.  



FOOTNOTES 

1 Rahm (1964) ,  working i n  t h e  Bishop a r e a  o f  t h e  e a s t e r n  
S i e r r a  Nevada, l i k e w i s e  i d e n t i f i e d  t h r e e  Holocene 
g l a c i a t i o n s - - t h e  Wonder Lakes ( o l d e s t ) ,  Bas in  Mountain, and 
G i l b e r t .  No known a t t e m p t  h a s  been made t o  e x t e n d  t h i s  
sequence beyond t h e  Bishop a r e a ,  o r  t o  c o r r e l a t e  it w i t h  t h e  
bet ter  known scheme of  Birman. 

I n  c o r r e l a t i n g  v a r i o u s  i n d i c a t o r s  o f  Holocene c l i m a t i c  
change, f o r  i n s t a n c e ,  Morrat to, '  King, and Woolfenden (1978) . 
u s e  C u r r y ' s  2600- and 2000-year d a t e s  t o  mark t h e  b e g i n n i n g  
and end, r e s p e c t i v e l y ,  o f  t h e  Recess Peak g l a c i a t i o n .  J . O .  
Davis  (1982) ,  i n t e r p r e t i n g  Curry, s t a t e s  t h a t  a s  l a t e  a s  3200 
y e a r s  ago  n e o g l a c i a t i o n  had n o t  y e t  begun i n  t h e  S i e r r a  
Nevada, a c o n c l u s i o n  t h a Y c a n n o t  b e  drawn from C u r r y ' s  l i c h e n  
d a t e s .  H a l l  (1983) a l s o  ci tes  C u r r y ' s  d a t e s  as i n d i c a t i n g  
t h e  o n s e t  and c l o s e  o f  g l a c i a t i o n ,  b u t  w i s e l y  g r a p p l e s  w i t h  
t h e  a p p a r e n t  c o n t r a d i c t i o n  between t h e s e  d a t e s  and t h o s e  of 
o t h e r  i n d i c a t o r s  o f  c l i m a t i c  change. 

Any g l a c i e r s  t h a t  might have formed d u r i n g  t h i s  mil lennium 
w e r e  s o  s m a l l  t h a t  t h e i r  moraines were o b l i t e r a t e d  by t h e  
t i n y  Mat thes  g l a c i e r s  beg inn ing  approximate ly  600 y e a r s  ago.  

4 I n  t h i s  s e n s e ,  t h e  p o l l e n  r e c o r d  might be though t  o f  a s  
b e i n g  s i m i l a r  t o  a  t e r m i n a l  l a k e  e n c l o s e d  by e x t r e m e l y  s t e e p  
s i d e s ,  r e spond ing  s l u g g i s h l y  t o  changes i n  climate. 

5 Wood from trees and s h r u b s  k i l l e d  by t h e  Clover  Ranch 
T r a n s g r e s s i o n  h a s  been c o l l e c t e d  from s e c t i o n s  exposed a l o n g  
Lee Vining Creek and from t h e  Rush Creek "Downclover c u t "  
( P l a t e  2 c ) .  These samples s h o u l d  p r o v i d e  a c c u r a t e  d a t e s  on 
t h e  t r a n s g r e s s i o n .  



CHAPTER 8 

THE LATE HOLOCENE FLUCTUATIONS OF MONO LAKE-- 

THE QUESTION OF CAUSALITY 

Ear ly  i n  t h e  h i s t o r y  of radiocarbon da t ing  it was 

recognized t h a t  t h e  14c content  of t r e e  r i n g s  v a r i e s  i n  a 

manner t h a t  i s  both systematic  and time-dependent (devries ,  

1958) .  Long-term v a r i a t i o n s  (with a per iod  of approximately 

10,000 yea r s )  appear t o  be due t o  changes i n  t h e  e a r t h ' s  

d ipo le  moment (Suess, 1968, 1970; Bucha, 1969, 1970). 

Var ia t ions  of medium frequency ( the  "deVries e f f e c t w ,  with a 

v a r i a b l e  pe r iod  of perhaps 100  t o  400 years)  a r e  r e l a t e d  t o  

changes i n  s o l a r  a c t i v i t y  (Stuiver ,  1961, 1965; Suess, 1965, 

1970; S t u i v e r  and Quay, 1980).  

The devries-type va r i a t ions ,  which a r e  t h e  concern here,  

r e s u l t  i n  t h e  following way: radiocarbon i s  produced i n  t h e  

e a r t h ' s  upper atmosphere when cosmic r a d i a t i o n  bombards ''N. 

The earthward f l u x  of t h i s  r a d i a t i o n  is  modulated by magnetic 

f i e l d s  a s soc ia ted  with t h e  s o l a r  wind. During t imes of high 

s o l a r  wind (associa ted  with a per iod of high s o l a r  a c t i v i t y ,  

and r e f l e c t e d  i n  but not caused by a l a r g e  number of 

sunspots)  a r e l a t i v e l y  l a r g e  por t ion  of t h e  cosmic stream i s  

d e f l e c t e d  around t h e  p lanet .  Periods of high s o l a r  a c t i v i t y  

a r e  t h u s  per iods  of low "C production, and v i s e  versa  



( S t u i v e r ,  1961, 1 9 6 5 ) .  Because of  t h i s  r e l a t i o n s h i p  changes 

i n  t h e  rad ioca rbon  c o n t e n t  o f  t ree  r i n g s  are a u s e f u l  proxy 

i n d i c a t o r  of p a s t  s o l a r  a c t i v i t y  ( S t u i v e r ,  1961, 1965; 

Damon, 1968; Bray, 1968, 1 9 7 0 ) .  

I n  t h e  mid-1970s as t ronomer  John Eddy (1976, 1977) 

r e d i s c o v e r e d  and  c o r r o b o r a t e d  long- fo rgo t t en  ev idence  from 

h i s t o r i c  r e c o r d s  i n d i c a t i n g  t h e  near-absence o f  s u n s p o t s  

between AD 1645 and  1715 .... H e  c a l l e d  t h i s  p e r i o d  o f  

anomalously low s o l a r  a c t i v i t y  t h e  "Maunder Sunspot  Minimum", 

and  n o t e d  t h a t  it c o i n c i d e d  w i t h  a p o s i t i v e  14c anomaly i n  t h e  

t r e e - r i n g  r e c o r d .  Eddy's work he lped  conf i rm t h e  

r e l a t i o n s h i p  between s o l a r  a c t i v i t y  and 14c p r o d u c t i o n ,  and  

p r o v i d e d  a b a s i s  f o r  e v a l u a t i n g  t h e  d u r a t i o n  o f  t h e  t i m e  l a g  

t h a t  e x i s t s  between t h e  beg inn ing  o f  a s o l a r  anomaly and t h e  

m a n i f e s t a t i o n  o f  t h a t  anomaly i n  t h e  14c r e c o r d  from 

t r e e - r i n g s .  ( T h i s  l a g  was found t o  b e  on t h e  o r d e r  o f  a few 

y e a r s  t o  a few decades--see a l s o  S t u i v e r  and Quay, 1 9 8 0 ) .  

Eddy, l i k e  o t h e r s  b e f o r e  him, i n f e r r e d  s e v e r a l  o t h e r  

s u n s p o t  anomal ies  from t h e  t r e e - r i n g  r e c o r d .  H e  named t h e s e  

t h e  S p o r e r  Minimum (from AD -1400 t o  -15101, t h e  Medieval 

Minimum (from AD -640 t o  -7101, t h e  Medieval Maximum (from AD 

-1120 t o  -1280),  and t h e  Roman Maximum (from BC -20 t o  AD 

-80) .  F u r t h e r  work on t h e  t r e e - r i n g  r e c o r d  l e d  S t u i v e r  and 

Quay (1980) t o  add  t o  t h i s  l i s t  of sunspo t  anomal ies  t h e  Wolf 



Minimum (from AD 1282 t o  1 3 4 2 ) ,  a y e t  unnamed maximum a round  

AD 1375, and  a n  i l l - d e f i n e d  and  y e t  unnamed minimum c e n t e r e d  

on a p p r o x i m a t e l y  AD 1040.  

S c i e n t i s t s  were q u i c k  t o  s e e k  e v i d e n c e  o f  c l imat ic  

changes  c o r r e s p o n d i n g  t o  t h e s e  minor  v a r i a t i o n s  (up  t o  L 

a p p r o x i m a t e l y  3%) i n  s o l a q  outpGt (Suess ,  1968, 1965 [ s e e  

a l s o  Damon, 19681; Denton and  Kar l en ,  1973; S i s c o e ,  1978; 

Eddy, 1976, 1977; W i l l e t t . ,  1977) . They p o i n t e d  o u t ,  f o r  

i n s t a n c e ,  t h a t  t h e   itti tie Ice Agem c o i n c i d e d  w i t h  t h e .  

s u n s p o t  anomal i e s  now c a l l e d  t h e  Maunder and  S p o r e r  minima, 

and  t h a t  t h e  " L i t t l e  Optimum" o f  t h e  1 1 t h  t h r o u g h  1 3 t h  

c e n t u r i e s  c o i n c i d e d  w i t h  t h e  Medieval  Sunspot  Maximum. More 

r i g o r o u s  a n a l y s i s  by ~ t u i v e r  (1980) cas'ts doubt  on a n y  

r e l a t i o n s h i p  between t h e  s u n s p o t  a n o m a l i e s  and  climate o v e r  

l a r g e  g e o g r a p h i c a l  a r e a s  d u r i n g  t he  l a s t  1000 y e a r s .  

L o c a l l y ,  however, t h e  anomal i e s  are o f  demons t rab le  c l i m a t i c  

s i g n i f i c a n c e .  On Campito Mountain i n  t he  White-Inyo range ,  

j u s t  50 m i l e s  s o u t h  o f  Mono Lake, f o r  i n s t a n c e ,  there a p p e a r s  

t o  b e  a s t a t i s t i c a l l y  sound r e l a t i o n s h i p  between a i r  

t e m p e r a t u r e  and  s o l a r  a c t i v i t y  (as de te rmined  f rom t h e  14c 

r e c o r d  d e r i v e d  from b r i s t l e c o n e  p i n e  t r e e - r i n g s )  d u r i n g  t h e  

p e r i o d  s i n c e  a round  3400 BC (Suess  and  Sonne t ,  1 9 8 4 ) .  

The Mono Lake r e c o r d  would seem t o  p r o v i d e  f u r t h e r  

e v i d e n c e  o f  a c l i m a t i c  m a n i f e s t a t i o n  of deVr ies - type  s o l a r  

v a r i a t i o n s .  F i g u r e  26 compares t h e  s u r f a c e  f l u c t u a t i o n s  of  



Mono Lake w i t h  S t u i v e r  and Quay ' s  (1980) graph of  changes i n  

t h e  14c p r o d u c t i o n  r a t e  f o r  t h e  p e r i o d  AD 1020-1900; a l s o  

d e l i n e a t e d  a r e  Eddy's  Roman Sunspot  Maximum and Medieval 

Minimum. Note on F i g u r e  26  t h a t  t h e  agreement between t h e  

l a k e  and  1 4 ~ - p r o d u c t i o n  g raphs  i s  c l o s e  i f  n o t  p e r f e c t ,  w i t h  

p e r i o d s  of d e c r e a s i n g  14c "produc t ion  (= i n c r e a s i n g  s o l a r  f l u x )  

g e n e r a l l y  conforming t o  d e c l i n i n g  l a k e  l e v e l s  and  low s t a n d s ,  

and p e r i o d s  o f  i n c r e a s i n g . .  14c p r o d u c t i o n  (= d e c r e a s i n g  s o l a r  

f l u x )  g e n e r a l l y  co r respond ing  t o  r i s i n g  l a k e  l e v e l s  and h i g h  

s t a n d s . l  S p e c i f i c a l l y ,  t h e  Maunder Minimum cor responds  w i t h  

t h e  Clover  Ranch High Stand,  t h e  S p o r e r  Minimum w i t h  t h e  M i l l  

Creek High Stand,  t h e  Wolf Minimum w i t h  t h e  Rush Creek High 

S tand ,  and t h e  Medieval Minimum w i t h  t h e  Marina High Stand;  

t h e  Roman and Medieval maxima correspond w i t h  t h e  Mono Lake 

and  10-Mile Road lowstands ,  r e s p e c t i v e l y .  

S l i g h t  d i s c r e p a n c i e s  between t h e  two r e c o r d s  do  e x i s t ,  

though t h e s e  might be expec ted ,  s i n c e  t h e  l a k e  does  n o t  

r e spond  d i r e c t l y  t o  v a r i a t i o n s  i n  s o l a r  f l u x ,  b u t  r a t h e r  t o  

a t m o s p h e r i c  changes i n s t i g a t e d  by such  v a r i a t i o n s .  Given t h e  

t e n d e n c y  f o r  a tmospher ic  changes t o  be  g e o g r a p h i c a l l y  

non-uniform and asynchronous,  and t i m e - t r a n s g r e s s i v e ,  t h e r e  

i s  no r e a s o n  t o  b e l i e v e  t h a t  Mono low s t a n d s  s h o u l d  conform 

p r e c i s e l y  w i t h  t h e  a b s o l u t e  h i g h e s t  number o f  s u n s p o t s  w i t h i n  



ELEVATION (meters) 



a given maximum, o r  t h a t  h igh s t a n d s  should conform p r e c i s e l y  

wi th  t h e  a b s o l u t e  lowest number of sunspots  w i th in  a given 

minimum; l i k e w i s e  t h e r e  i s  no reason t o  b e l i e v e  t h a t  a 

14c-production anomaly t h a t  p e r s i s t s  f o r  a r e l a t i v e l y  long 

pe r iod  of t ime  should produce a h igher  h igh  s tand ,  o r  a lower 

low s t and ,  t han  one of s h 6 r t e r  du ra t ion ,  o r  t h a t  14c 

product ion should have t o  reach  some c r i t i c a l  h igh  o r  low 

va lue  be fo re  hydroc l imat ic  cond i t i ons  a t  Mono Lake are 

a f f e c t e d .  I t  may simply be t h e  shift from r e l a t i v e l y  h i g h  t o  

low ( o r  low t o  h igh)  s o l a r  a c t i v i t y ,  r a t h e r  t h a n  t h e  

a t ta inment  o f  some c r i t i c a l  va lue  of  s o l a r  f l u x ,  t h a t  

i n s t i g a t e s  t h e  atmospheric changes t h a t  r e s u l t  i n  

f l u c t u a t i o n s  of  Mono Lake.* With t h i s  i n  mind, no te  on 

F igu re  2 6  t h a t  dur ing  t h e  t ime r ep re sen ted  by t h e  Lee Vining 

Creek Low Stand t h e  14c product ion r a t e  appa ren t ly  d i d  no t  

reach  a va lue  low enough t o  be des igna ted  a sunspot maximum. 

Never theless ,  t h e  low s t a n d  does l i e  between two des igna ted  

sunspot  minima; t h e  onse t  of t h e  lowstand t h u s  corresponds 

wi th  a s h i f t  t o  i nc reased  s o l a r  a c t i v i t y ,  and i t s  t e rmina t ion  

with  a s h i f t  t o  decreased s o l a r  a c t i v i t y .  

The c l o s e  correspondence between t h e  14c and l a k e  r eco rds  

s t r o n g l y  sugges t s  a cause / e f f ec t  r e l a t i o n s h i p .  Proof of such 

a r e l a t i o n s h i p  must awai t  more p r e c i s e  da t ing ,  and a 

lengthening ,  .of t h e  Mono f l u c t u a t i o n  curve.  For now, t h e  



correspondence between t h e  two records  i s  provoca t ive  enough 

t o  encourage f u r t h e r  i n v e s t i g a t i o n  of t h e  p o s s i b l e  l i n k  

between s o l a r  a c t i v i t y  and medium-term (100-400 yea r )  

c l i m a t i c  changes. With t h e  c l o s e  correspondence between t h e  

two r eco rds  i n  mind, and tempered with  t h e  r e a l i z a t i o n  t h a t  

f u t u r e  a r t i f i c i a l l y - i n d u c e , d  atmospheric changes might 

undermine t h e  p r e d i c t i v e  va lue  of  t h e  clima-geologic record,  

it would seem wise t o  t r e a t  f u t u r e  deVries-type changes i n  

s o l a r  ou tpu t  a s  harbinge;s of  c l i m a t i c  change i n  c e n t r a l  

C a l i f o r n i a .  



FOOTNOTES 

1 Three f a c t o r s  should be  taken i n t o  account i n  comparing t h e  
records .  F i r s t ,  t h e  graph of 14~-produc t ion  r a t e  does no t  t a k e  
i n t o  cons ide ra t ion  t h e  - l a g  t ime t h a t  e x i s t s  between t h e  change i n  
s o l a r  a c t i v i t y  and t h e  man i f e s t a t i on  of t h a t  change i n  t h e  
t r e e - r i n g  record;  s i n c e  t h e  a c t u a l  s o l a r  changes occurred s l i g h t l y  
be fo re  t h e y  appear  i n  t h e  t r e e - r i n g  record,  t h e  14~-produc t ion  
graph should,  i n  t h e  mind's eye, be d i sp l aced  t h e  equ iva l en t  of 1-2 
decades t o  t h e  l e f t .  Secondly, t h e s l a k e  high s t a n d  shown a t  460 
c a l  BP may a c t u a l l y  have occurred e i t h e r  s e v e r a l  decades before ,  o r  
s e v e r a l  decades a f t e r ,  t h a t  da te ;  a n a l y s i s  of  d a t a b l e  m a t e r i a l s  
k i l l e d  i n  t h e  course  of t h i s  t r a n s g r e s s i o n  w i l l  r e s o l v e  t h e  t iming  
of t h i s  h igh  s t a n d .  F i n a l l y ,  a s  p rev ious ly  d i scussed ,  t h e  Clover 
Ranch High Stand has  been p laced  a t  290 c a l  BP, i n  accordance wi th  
radiocarbon d a t e s  de r ived  from d e l t a i c  sediments.  Based on t h e  
b r i s t l e c o n e  p i n e  record,  t h i s  d a t e  i s  considered suspec t .  

2 It  i s  tempting t o  s p e c u l a t e  t h a t  t h i s  c l i m a t i c  s i g n a l  may involve  
a  s imple  expansion ( i n  response t o  g loba l  coo l ing)  o r  c o n t r a c t i o n  
( i n  response t o  g l o b a l  warming) of t h e  circumpolar vor tex ,  e i t h e r  
i n c r e a s i n g  ( i n  t h e  f i rs t  in s t ance )  o r  decreas ing  ( i n  t h e  second) 
t h e  i nc idence  of f r o n t a l  passage a c r o s s  c e n t r a l  C a l i f o r n i a .  







Appendix B 

C o r r e l a t i o n  Between San Francisco P r e c i p i t a t i o n  
and Inflow t o  Mono Lake 

L i s t e d  below a r e  t h e  d a t a  used t o  quan t i fy  t h e  
r e l a t i o n s h i p  between annual p r e c i p i t a t i o n  i n  San F ranc i sco  
and annual  flow of Mono Lake 's  major t r i b u t a r y  s t reams.  
Streamflow f i g u r e s  inc lude  t h e  sum of Lee  Vining, Gibbs, 

Parker ,  Walker, and Rush Creek .  T h e  r e l a t i o n s h i p  i s  shown 
g r a p h i c a l l y  on t h e  fol lowing page. 

I - .  

y e a r  M e w e d  F l o  San F r u o  P r e c u a t i o n  P 
. . 

w of T r l b u t  a r l e s  

(av.  - 1 2 2 . 4 0 0  acre f,ee:) (av. - 2 C .  66 i n .  

193L-35 
35-36 
36-37 

. 37-38 
38-39 
39-40 
LO-L I 
41-42 
42-43 
4 3-LL 
44-45 
45-46 
4 6 4 7  
41-48 
48-49 
49-50 
50-5 I 
51-52 
52-53 

. 53-5L 
54-55 
55-56 
56-57 
57-58 
58-59 
59-60 
60-6 1 
61-62 
62-63 
63-64 

23.22 inches 
2L. 96 
23.39 
25.48 
12.53 
27.17 
35.05 
26.87 
19.10 
17.86 
21.85 
21.61 
14.89 
15.59 
18.28 
16.05 
22.96 
32.56 
21.10 



CWARISON OF SAW M C l S C O  PRI.CIPITATION 
JSOLID L I ~ I  GITH WLWD n w  or votio x ' s  

TRIBLTARY SXA..S+ IOASHtD LINE) FOR T)(I 
PERIOD 1935-1964 

(Data arc  prcscnted a s  percent 
o f  normal for Uut 'pcriod. 

I " " " ! " ' " ' ! " " " ! " " " '  

Sam Francrrco prccrpi tat ion.  

- - - - - - - k a s u r e d  flow of  nono Lake's t r r b u t a q  streams. 

* Includes Lcc Vrnrng. G ~ b b a .  Ya;kcr. Parkcr. and Rush Crcckr. 
A l l  I'leasurmnLs taken rbovc pornts of  divcrsron. 



APPENDIX C 

L e t t e r  Concerning Cor rec t ion  o f  t h e  E r r o r  

i n  t h e  USGS Lake-Level Record 

Following are cop ie s  b f  w r i t t e n  correspondence between 

C a l i f o r n i a  S t a t e  Deputy At torney General  Joseph B a r b i e r i  and 

Mr. Mike Butcher o f  t h e  u n i t e d  S t a t e s  Geological  Survey 

r e l a t i n g  t o  an i n c o n s i s t e n c y , i n  t h e  Mono l ake - l eve l  record .  

That  record ,  publ i shed  i n  t h e  USGS series W a t e r u b ~ l v  P a ~ e z  

was r e c e n t l y  c o r r e c t e d  as p e r  in format ion  

provided  i n  Bu tche r ' s  l e t te r .  



* 2. * 
jOllh' K VAN DE K A M P  Sra~c  o j  CaliJomk 
Atlomry bed DJ:YAH'IWFNI' 01: )f'STlCE 

' July 6, 1984 

Mike Butcher 
United States Geologicel Survey 
29000 Avila Rd. 
Laguna-Niguel, CA 92677 

I . .  

Dear Mr. Butcher: 

On March 12, 1984, Scott 'Stine from the University of California 
at Berkeley spoke to you on the phone concerning a discrepancy 
in the United States Geological Survey lake level records for 
Mono Lake, California. I understand from talking to Scott that 
the Mono Lake levels published by the USGS are correct through 
September of 1976, but that the elevations published after that 
date are 0.37 foot too low. I further understand that the 
USGS will soon (1984? 85:') published a. corrected list of lake 
elevations for the period 1975-present. 

The State of Califcrnia is currently involved in litigation 
related to the surface fluctuations of Mono Lake. All the 
parties to the litigation are interested in obtaining the most 
accurate data available regarding the fluctuations. Therefore, 
I would greatly appreciate receiving from you a letter stating 

1) that the GSGS lake level records for Mono Lake are incorrect 
for the period October 1976-present; 

2) that the lake level records published by the USGS for the 
period October 1976-present are 0.37 foot too low; and 

3) that the USCS will roon publish a corrected list of surface 
clcvatioas for Hona Lake. 

Very truly y a w s ,  

JOHN K. VAN DE KlrMP 
Attorney General pp&4L&! 

ey ty Attorney General 

JB:jut 
cc: ~ c o t t  Stine J 



* .  UNITED STATES 
DEPARTMENT OF THE INTERIOR 

C f  OLOGICAL SURVEY 

Water Resources Division 
24000 Avila b a d ,  5th n o o r  

k g m a  Tliguel, California 92677 

July 27, 1984 

Mr. John K. Van Dt Knnp 
Attorney Geaerrl 
S t a t e  of Cal i fornia  
Department of  Ju s t i c e  
350 UcAlioter S t r ee t  
Room 6000 
S m  Pranciaco, CA 94102 ,,. 

Attention: Joseph Barbieri  

RE: Mono Lake Water Icve ls  - l e t t e r  dated July 6, 1984 

Dear S i r :  

m e  u.S. ~cologic.1 Survey (USCS) publiohes A s e r i e s  of data book uch  
yea r  en t i t l ed  Water Resources Data. Ihe m j o r i q  of data  presented a r e  
f r a n  t he  U.S. Ccologicil Survey md  other  data a r e  supplied by other  
agencies. The data on nDno Lake near Mno k k e ,  California is supplied 
t o  t he  U.S. Geological Survey, on A yearly basis,  by the  U t y  of Ias h g e l e s ,  
Department of Water and Pover. 

The U.S. Cco log iu l  Surpey accepts t h i s  data a t  face vdue .  Ro attcorpt ir 
u d e  by us t o  check the  accuracy of t he  readings o r  to ver i fy  the  c o r r e c t n u s  
of  t he  copy presented t o  t he  U.S. ko1ogic.l  Sunmy. 

Fo l lw ing  i. a very b r i e f  hiatory of the  data to l lec t ion  e f f o r t  8t k n o  bk: . . 

~n J m e  15, 1912 a r t a f f  t o ~ e  van wrnrted om a t r e e  o u r  8-n. 
Store I n  l o t  6, ST, k SE k Sec. 31, t. W . ,  R. 26, about 2 rilu 
south from k n o  W e  Post Office. ' L b h  sage uas u l n t a i o e d  by the  
U. S. t o r e s t  &mice. 

On &pt 16, 1916 a new mcaff rt.8 i o r t d l e d  a t  a boathowe 300 f e e t  
o o r t h v u t  of the  former s t a f f .  Datum of t he  ncu 8t.ff ms 10.0 f t  
higher t h m  tbe  f o r r r  gage operated by the U.S. Forest Serrrice. 

The USCS Water Supply Paper 750 f o r  the  year 1933, page 75, revised 
t he  sage locat ion t o  read "about 8 a l e  routh of h o  w e  Post Office." 
m e  elevat ion (datum) of the  zero of the  y g e  u u  gi+cn u 6,423.90 f t  
above urn 8- h=l. 



Page 2 
%no k k e  

fn USCS Water Supply Paper 765 fo r  t he  year 1939, all previour record6 
v e r t  revised mnd additional lrapublished gage heights w l h c t e d  by t he  
City of Lor h g e l e s ,  Dcpartaent of Water m d  Pwer  were included. A l l  
#age heights were reduced t o  a comma datun of 6.30.29 f t  above m.n 
sea  leve l  according t o  t he  d a t m  used i n  USCS bu l l e t i n  ,766 (1925) md  
a l s o  by the  City of Ios Angeles in its lbno Basin sunref; and 6,390.66 
f t a b o v e  rm sea level according t o  t he  U.S. &art and Ceadetic Survey 
l eve l s  of 1932 referred t o  u the 1929 tenera l  ad jusgunt  of t he  l eve l  
net.  Lake elevations have been furnished by the  C i q  of Ias Angeler 
Deparment of Water and Power f o r  subsequent y u r s .  

I-. 

During the  years s ince the.adjustmmt the City of Ios Angeles h r  
continued w e  of t he  d a t m  of 1925. ?or t h i s  reason a l l  reading6 
supplied t o  the  U.S. Ccological Survey a r e  adjusted by + 0.37 f e e t  t o  
ad jus t  t o  the  general d a t m  correction of 1929. 

Due t o  chrnger in personnel the  correction var  omltted s ince October 
1976 making the  -no L.ke va t e r  l eve ls  incorrect re la t ive  t o  t he  datrrm of 
1929. The e r ro r  was not detected a t  tha t  tipc m d  was continued through the  
1982 water y u r  publication of Water Reaourcer Data. 

The &no Lake va te r  l eve ls  u published are, therefore, 0.37 f ee t  too low f o r  
the  period of October 1, 1976 t o  September 30, 1982. 

h e  U.S. Geological Survey intends t o  publish revised tab le r  of t he  
&no h k e  water l eve ls  for  tha t  period u part  of Water Rtrourcer Data 
f o r  California fo r  the  1983 water y u r  (Voltme 1). a i r  publication 
should be in p r in t  and available f o r  8ener.l c i rculat ion before t he  
end of the  y u r .  

Bespectfully yours, . 

Supervisory Bpdrologic Techniclm 



Appendix D 

F a u l t s  of  t h e  Late Holocene Shorelands 

A sys temat ic  i n v e s t i g a t i o n  of r ecen t  f a u l t i n g  i n  t h e  

Mono Basin was no t  conducted a s - p a r t  of t h i s  study. I n  t h e  

course of  f i e l d  work, however, many previous ly  unreported 

f a u l t s  were discovered on and immediately adjacent  t o  t h e  
I 

late-Holocene shorelands. of t h e  lake .  These f e a t u r e s  a r e  

mapped on Figure D-1. I t  must be s t r e s s e d  t h a t  Figure D-1 i s  
I 

no t  t h e  r e s u l t  of an exhaust ive search; it w i l l  undoubtedly 

have t o  be modified i n  t h e  fu tu re .  

The f a u l t s  of t h e  Mono shorelands can be divided i n t o  a 

number of geographical groups. Several  of t h e s e  groups 

( inc luding  t h e  "Negit I s l and  Group", and those  groups along 

which t h e  "de l t a  groves" of t u f a  formed) w e r e  mentioned 

previous ly .  Three o the r  notable  groups of f a u l t s  are 

d iscussed  b r i e f l y  below. 

Grpyg, e a s t  of Black Point ,  

c o n s i s t s  of a t  l e a s t  t h r e e  f a u l t s ,  a l l  of which d i sp lay  

obvious o f f s e t .  This group includes t h e  "Dechambeau 

Hot-Ponds F a u l t n ,  s o  named because of t h e  thermal waters  t h a t  I 

f i n d  t h e i r  way t o  t h e  sur face  along i ts  t r a c e .  Evidence of 

h o t  s p r i n g  a c t i v i t y  can a l s o  be seen near  t h e  present-day I 

l a k e  margin a t  one of t h e  o the r  f a u l t s  i n  t h i s  group. 
I 

Creek G-, centered  on ~ r i d g e ~ o r t  Creek 
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Fault, offmt uncertain. 

2 Fault, ball and bar on dew, 

? -?-?- Suspected faul t 

hitialized faults after: 

KRL (Lajoie. 1968) 

S&B (Si&and 6 Bursic 

WER (Reed. 1972) 
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a long  t h e  l a k e ' s  no r the rn  shore ,  i nc ludes  t h r e e  suspec ted  

f a u l t s ,  o f f s e t  a long  which has  been i n f e r r e d  from s l i g h t  t o  

conspicuous embayments i n  t h e  l a k e  s h o r e l i n e .  

The Sau&h2ShoreU~~~2 c o n s i s t s  of  n e a r l y  a dozen N-S 

t r e n d i n g  f a u l t s  t h a t  occur  between South Tufa and Simon's 

Spr ings .  O f f s e t  i s  obvious a long  s e v e r a l  of  t h e  f e a t u r e s ;  

e x i s t e n c e  o f  t h e  o t h e r s  i s  suspec t ed  on t h e  b a s i s  of  a l i g n e d  

t u f a  towers,  and l i n e a r  zones of  r e l a t i v e l y  l u x u r i e n t  

a r b u s c u l a r  growth. 

This  l a s t  f a u l t  group e x e r t s  a s t r o n g  i n f l u e n c e  on t h e  

c o n f i g u r a t i o n  of  t h e  sou thern  s h o r e l i n e  o f  Mono Lake. F a u l t  

s c a r p s ,  as w e l l  a s  l i n e a r  bulwarks of  t u f a  t h a t  have grown 

from t h e  f a u l t s ,  d e f l e c t  t h e  counterclockwise  longshore  

c u r r e n t s  t h a t  p r e v a i l  i n  t h i s  s e c t o r .  A t  t h e s e  p o i n t s  

l i t t o r a l  d r i f t  i s  fo rced  o f f s h o r e  i n t o  deep water,  where it 

comes t o  r e s t .  Longshore f low immediately downcurrent (east) 

of  each  o f  t h e s e  o b s t r u c t i o n s  i s  t h u s  "sand-starvedw, a 

s i t u a t i o n  t h a t  f o s t e r s  ab ra s ion  du r ing  t imes  of  r i s i n g  l a k e  

l e v e l s .  I n  t h e  immediate l e e  of t h e  f a u l t s ,  t h e r e f o r e ,  

s t r a n d l i n e s  are t y p i c a l l y  t h e  produc t  of  e ros ion ,  c o n s i s t i n g  

of an a b r a s i o n  p l a t fo rm and c l i f f l i n e .  

Longshore flow downcurrent of  t h e  f a u l t s ,  on t h e  o t h e r  

hand, t e n d s  t o  be sand-laden and r e l a t i v e l y  non-erosive. 

Here s t r a n d l i n e s  a r e  d e p o s i t i o n a l ,  c o n s i s t i n g  of a s h o r e l i n e  

embankment ( e i t h e r  a berm o r  a b a r ) .  The west-to-east  



t r a n s i t i o n  from e r o s i o n a l  t o  d e p o s i t i o n a l  l i t t o r a l  landforms 

c h a r a c t e r i z e s  n e a r l y  a l l  of t h e  fault-bounded segments of  t h e  

sou thern  shore lands .  

I n  a d d i t i o n  t o  t h e s e  f a u l t  groups a r e  s e v e r a l  

lone-s tanding f a u l t s  worthy o f  mention because of t h e  c o n t r o l  

t h e y  e x e r t  on t h e  f low o fg roundwa te r .  Aside from t h e  

F a u  ( p a r t  of t h e  South Shore Group) t h e  best 

known of  t h e s e  i s  t h e  "-us F a u "  a long  t h e  

eas te rnmost  shore .  I n  a d d i t i o n  t o  being a  zone of d i f f u s e  

groundwater seepage t h i s  f e a t u r e  acts a s  a condui t  f o r  a t  

least  f o u r  f ree-f lowing thermal  s p r i n g s .  Spr ing  a c t i v i t y  i s  

a l s o  e v i d e n t  a long  t h e  t r a c e  of t h e  " H d S ~ z d  -a F a U  n 

on t h e  n o r t h e a s t  shore .  This  f a u l t  i s  of p a r t i c u l a r  i n t e r e s t  

because it o f f s e t s  sand dunes, and because o f f s e t  on t h e  

lakeward end of t h e  t r a c e  t e rmina t e s  a b r u p t l y  a t  t h e  

Dechambeau Ranch s t r a n d l i n e ,  s t r o n g l y  sugges t ing  t h a t  

movement was r e s t r i c t e d  t o  pre-Dechambeau Ranch t ime ( i . e .  

pre-3500 BP) . 



APPENDIX E 

The Vors ter  Water Balance Forecast  Model 

Construction of t h e  water balance f o r e c a s t  model of 

Vors ter  (1985) involved a process  of formulation, 

c a l i b r a t i o n ,  and v e r i f i c a t i o n .  The components used 

formulation, and t h e  manner i n  which t h e  model was c a l i b r a t e d  

and v e r i f i e d ,  a r e  given below. 

g: 
a- s~e- NI=V- (that is, the amount of water 

that enters the Mono Groundwater Basin by way of gauged Sierran 

watersheds). Calculated as the sum of .annual discharge of the 

gauged streams of the Mono Sierra (Rush, Lee Vining, Mill, 

Walker, Parker, East Parker, South Parker, Bohler, Gibbs, and 

Dechambeau 

creeks), as measured by LADW and-Southern California Edison. 

Constitutes roughly 63% of the natural inflow to the Mono 

Groundwater Basin for the period 1937-83. 

b. (that is, the amount of water that 

enters the Mono Groundwater Basin by way of ungauged Siexran 

watersheds). Calculated as the product of an average annual 
1 

yield (derived for each ungauged Sierran watershed using the 

relationship between mean annual precipitation and mean annual - 
runoff for the gauged watersheds) times an index of annual 

variation. Constitutes approximately 7% of natural inflow to the ' 

Mono Groundwater Basin for the period 1937-83. I 

- c. (that is, the amount of water that enters 
the Mono Groundwater Basin by way of non-Sierran watersheds). L 

Calculated as the annual soil moisture surplus within non-Sierra 



dra inages  (based on a modified Thornthwaite soi l-moisture 

balance) t imes an a r b i t r a r y  c o e f f i c i e n t  of 0.9 ( t o  account f o r  

l o s s e s  t h a t  occur due t o  phreatophyte ET a t  s p r i n g  and s t ream 

sites l o c a t e d  above t h e  groundwater b a s i n ) .  Cons t i tu tes  

approximately 9% of n a t u r a l  inflow f o r  t h e  pe r iod  1937-83. 

rt Net Land~urfac- - PreclDltatlan . . 
' ( t h a t  is, t h e  amount of 

water  t h a t  e n t e r s  t h e  Mono Groundwater Basin a s  p r e c i p i t a t i o n  on 

t h e  l a n d  surface ,  minus t h a t  expended a s  s o i l  moisture recharge 

and evapo t ransp i ra t ion) .  Calcula ted  a s  per non-Sierra runoff .  

C o n s t i t u t e s  approximately 4% of n a t u r a l  inflow t o  t h e  groundwater 
I . .  

b a s i n  f o r  t h e  pe r iod  1937-83. 

( t h a t  is ,  t h e  amount of 

p r e c i p i t a t i o n  t h a t  f a l l s  on t h e  s u r f a c e  of Mono Lake). Calcula ted  

a s  t h e  product  of a)  lake-surface area ,  b) average p r e c i p i t a t i o n  

over  t h a t  a r e a  ( a s  determined from t h e  Vors ter  i s o h y e t a l  map), 

and c) an annual p r e c i p i t a t i o n  index (%  normal).  Thus, v a r i e s  

no t  only a s  a func t ion  of p r e c i p i t a t i o n ,  bu t  because of changes 

i n  t h e  s i z e  of t h e  l a k e  a s  w e l l .  Cons t i tu tes  from 11% t o  17% of 

t h e  n a t u r a l  inflow t o  t h e  groundwater bas in  f o r  t h e  pe r iod  

In addition to these "naturaln (though in some cases 

human-modified) inflow components are several that are wholly 

artificial. These include the following: 

f - V a L a a u a  C r e e k  Diverslbn . . .  . Since t h e  middle of t h e  last 

century  water from Virgin ia  Creek (under n a t u r a l  cond i t ions  a 

s t ream of t h e  Bridgeport Basin) has been d i v e r t e d  i n t o  t h e  Mono 

Basin f o r  i r r i g a t i o n  purposes. I n  modern times t h i s  import has  

amounted t o  approximately 1100 acre- fee t  p e r  year,  o r  

approximately 0.5% of t h e  n a t u r a l  inflow t o  t h e  Mono Groundwater 

Basin f o r  t h e  pe r iod  1937-83. 
. . 

g, N P ~  ( t h a t  is, t h e  n e t  amount of water  



added t o  t h e  Mono Groundwater Basin due t o  municipal u s e ) .  

Amounts t o  approximately 0.2% of t h e  n a t u r a l  inf low t o  t h e  

groundwater b a s i n  f o r  t h e  pe r iod  1937-83. 

b- Mana EvaMxaLha 

evaporated from t h e  s u r f a c e  

( t h a t  is, t h e  amount of water  

of Mono Lake). Calcula ted  a s  t h e  

product  of a) t h e  mean annual f reshwater  evaporat ion r a t e  (-45 

inches  based on evaporat4on pan d a t a ) ,  b) l a k e  s u r f a c e  a rea ,  c )  a 

c o e f f i c i e n t  t h a t  c o r r e c t s  f o r  s p e c i f i c  g r a v i t y  (i .e. l a k e  

s a l i n i t y ) ,  and dl an annual. evaporat ion index (based on annGal 

v a r i a t i o n  i n  evaporat ion a s  determined from t h e  Long Valley 

Reservoi r  evap pan) .  Cons t i tu tes  from approximately 45% t o  92% 

of t h e  outflow from t h e  groundwater bas in  f o r  t h e  pe r iod  1937-83, 

depending on l ake  su r face  .area. 

j- NW S x a ~ t  L a k ~  E v e  ( t h a t  is, t h e  amount of water 

.evaporated from t h e  su r face  of Grant Lake, minus t h e  amount t h a t  

f a l l s  a s  p r e c i p i t a t i o n  on t h a t  s u r f a c e ) .  Calcula ted  a s  t h e  

product  of l a k e  su r face  a rea  t imes an evaporat ion r a t e  (der ived 

annual ly  from evap pans a t  Grant Lake); from t h i s  is s u b t r a c t e d  

t h e  product  of a p r e c i p i t a t i o n  amount ( a s  determined annual ly  

from r a i n  gauges a t  Grant Lake) and l a k e  s u r f a c e  a rea .  

C o n s t i t u t e s  <1% of t h e  outflow from t h e  groundwater bas in .  

j. B a r e  G r m  E v e  ( t h a t  is, t h e  amount of water 

evaporated from unvegetated s u r f a c e s  i n  a r e a s  of h igh groundwater 

t a b l e s  ad jacen t  t o  Mono Lake). Calcula ted  a s  t h e  a r e a  of "bare 
,D groundn t imes  evapora t ion  r a t e s  t h a t  a r e  ass igned on t h e  b a s i s  of 

t h e  depth t o  t h e  water t a b l e .  Represents  between roughly l % . a n d  

8% of t h e  t o t a l  outflow from t h e  Mono Groundwater Basin, rl 

depending on t h e  su r face  e l e v a t i o n  of t h e  l ake .  

k- R- SV- ( t h a t  is,  t h e  amount of water  IL 

l o s t  t o  ET by r i p a r i a n  vegeta t ion ,  inc lud ing  willows, 



cottonwoods, jeffrey pines, aspens, and marsh vegetation growing 

along streams within the groundwater basin). Calculated as the 

product of an ET rate (a Blaney-Criddle ET value of 2.75 feet is 

used) and the acreage of riparian vegetation within the freebody 

boundary. Represents from 0.3% to 1% of the total calculated 

outflow from the groundwater basin, depending on the level of the 

lake and, during historic time; the amount of vegetation 

destroyed by water diversions. 

1 - p m s E v a b a t r a n s D i r a t i o n f r o m e  t h *  

(that is, the amount of water lost to ET by 

phreatophytic vegetation--including S ~ k p u ~ ,  d ~ l ~ u a ,  m, 
. . Dlstlchlis, Salix, Sarcobatus, and ---above 6428 

feet). Calculated as the product of vegetated area times ET 

rates derived by the Blaney-Criddle method. Constitutes <1% of 

the total calculated outflow from the Mono Groundwater Basin. 

v t e  - Ev below t h e  

St& (that is, the amount of water lost to ET by 

phreatophytic vegetation (including species within the genera 

listed above) that has become established on lands exposed by the 

declining lake since 1919. Calculated as the product of 

vegetated acreage (a function of time and lake level), times ET 

rates derived by the Blaney-Criddle method. Constitutes <2% of 

the total calculated outflow from the Mono Groundwater Basin. 

To these  natural outflow components must be added 

several  a r t i f i c i a l  outflows that  have h i s t o r i c a l l y  a f f ec ted  

t h e  water balance of the  Mono Groundwater Basin. 

WP SW- - . Since 1941 the DWP has 

diverted water from the Rush and Lee Vining Creek watersheds for 

municipal use in Lo3 Angeles. Equals an average of approximately 

115,000 acre-feet Per year, or approximately 50% of natural 



inflow to the Mono Groundwater Basin. 

P Gro-. In addition to the water 

diverted from the tributary streams is a "groundwater exportn of 

approximately 7200 acre-feet per year that occurs as a result of 

leakage of subsurface water into the aqueduct tunnel that passes 

under the Mono Craters. This amount of water is equivalent to 

approximately 3% of the total natural inflow to Mono Lake for the 

period 1937-83. 

0 -  Ev . Artificial loss 

of water also occurs due to ET from irrigated lands within the 
'.. 

groundwater basin. Represents an artificial loss of 

approximately 2500 acre-feet, equivalent to <1% of the natural 

inflow calculated for the period 1937-83. 

I11 Storaae-chanae c o m v w :  

(that is, the net 

change in reservoir storage in a given water year). Can be 

either a positive value (indicating a gain in storage) or a 

negative value (indicating a release from storage). Quantity 

ranges from -26,000 acre feet during the dry year 1959, to 

+34,000 feet for the year 1978 (a wet year that followed the 

197 6-77 drought . 
Or st e C h a n a e  (that is, the quantity of water 

gained (+) or lost (-j from permeable shoreland sediments due to 
fluctuations in lake level). Total for the base period 1937-83 

equals -72,000 acre feet, with annual estimated changes ranging 

from -4300 acre feet in 1948, to +8000 acre feet in 3983, to near 

zero (134 acre feet) in 1937. 

Ch- (that is, the net change in lake 

volume in a given water year). Calculated as the sum of all 

inflow, outflow, and storage-change components of the water 

balance. 



. Stepwise  m u l t i p l e  l i n e a r  r e g r e s s i o n  rat lon 

a n a l y s i s  was used  t o  c a l i b r a t e  t h e  model ( i . e .  t o  e v a l u a t e  

and e x p l a i n  t h e  mode l ' s  o v e r a l l  e r r o r ) .  C a l c u l a t e d  a n n u a l  

v a i u e s  o f  t h e  component "Mono Lake S t o r a g e  Change' f o r  t h e  

p e r i o d  1957-1983 were compared t o  t h e  annua l  s t o r a g e  change 

of  Mono Lake de te rmined  from t h e  s t a g e / c a p a c i t y  curve;  

d i f f e r e n c e s  i n  t h e  two were a t t r i b u t e d  t o  e r r o r  i n  t h e  

c a l c u l a t i o n  o f  t h e  s torage-change component. The a n n u a l  

e r r o r s  i n  c a l c u l a t e d  s t o r a g e  change were t h e n  r e g r e s s e d  

a g a i n s t  t h e  a n n u a l  i n d i c e s  of  r u n o f f  and e v a p o r a t i o n .  The 

r e s u l t a n t  e q u a t i o n  e s t i m a t e s  t h e  model e r r o r  f o r  a g i v e n  set 

of components and i n d i c e s .  The e q u a t i o n  i s :  

error = - ((8.487 RI) - (151.332 EI) + 143.440) 

where 

RI is the runoff index; 

EI is the evaporation index. 

The e q u a t i o n  f o r  d e r i v i n g  Mono Lake s t o r a g e  change (and t h u s  

a change i n  s u r f a c e  e l e v a t i o n )  t h e n ,  is:  

MLSC = (a+b+c+d+e+f+g) - (h+i+j+k+l+m+n+o+p) - (q+r) 
- ((8.487 RI) - (151.332 EI) + 143.440) 

where 

a,b,c ... r-are the inflow, outflow, and storage-change components 
listed above. 



. . rlflcation. To verify the  model, annual lake levels  

fo r  the  period 1937-1956 ( tha t  portion of the  base period not 

employed i n  cal ibrat ion)  were calculated using the  equation 

above; lake levels  so derived were compared t o  observed lake 

leve ls .  Calculated and observed lake levels  f o r  the  

ve r i f i ca t ion  period are graphed on Figure E-1.  The close 

correspondence of the  two s e t s  of values demonstrates t h a t  

t he  model i s  a reasonable '&edictor of lake f luctuations.  

To u t i l i z e  the  largest  possible data s e t  Vorster 

reasoned t h a t  because the  average and the  variance of the  

overal l  e r r o r  i n  the  1937-56 cal ibrat ion period i s  similar  t o  

those of the  1937-83 base period, the  model equation should 

ult imately be derived using the  en t i r e  base period. 

Calculated values of the  component "Mono Lake Storage Change" 

f o r  each year of the  e n t i r e  base period were thus compared t o  

the  annual storage change of Mono Lake a s  determined f romthe  

stage/capacity curve. The annual e r rors  i n  calculated 

storage change were then regressed against the  annual indices 

of runoff and evaporation; the  equation so derived 

calculates  Mono Lake storage change fo r  a given s e t  of 

components and indices. The equation is :  

MLSC = (a+b+c+d+e+f+g) - (h+i+j+k+l+m+n+o+~) - (q+r) 
- ((13.950 RI) - (128.845 EI) + 127.096) 





TO f a c i l i t a t e  comparison, the  calculated and observed lake 

levels  f o r  the  e n t i r e  base period a re  graphed on Figure E-2. 



- OBSERVED _--- CALCULATED 

YEAR 

Figure. E-2. Cornparision of Observed Lake levels and 
Those Calculated by Model Calibrated with 
1937-83 Data 
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Photo 1 .  Mono Lake from 55,000 feet altitude, ca. June, 1968, looking west toward the Yosemite 
Sierra and the California Coast Range.Photo 1 .  Mono Lake from 55,000 feet altitude, ca. June, 
1968, looking west toward the Yosemite Sierra and the California Coast Range. 



PHOTOGRAPHS 

2. Hypopycnal stratification at the mouth of Rush Creek, June, 1986. A lens of turbid stream 
water can be seen floating on the surface of Mono Lake. The line of whitecaps that fringes the 
freshwater lens results when waves of heavy lake water break against the mound of lighter water. 
Rush Creek flow at the time of the photo was approximately 19 cubic feet per second (cfs), a 
piddling amount compared to unimpared flows in large or even average years. (Rush Creek flow 
throughout the high runoff month of July, 1967 averaged 1500 cfs.) 



PHOTOGRAPHS 

3. Timothy O'Sullivan's photograph of Panum Crater and Mono Lake, ca. March, 1867. Note 
particularly the position of the shoreline in the Horse Creek Embayment (white arrow) and the 
Lee Vining Tufa Grove Gust to the right of the black arrow). Comparison of this photograph with 
Photos 4, and Sa, b, and c, leads to the conclusion that in Ui67 Mono Lake stood close to its 1883 
level (6410 feet) and far above 6378 feet--the level proposed by Lynch for the year 1867. 



PHOTOGRAPHS 

4. Israel Russell's photograph of Panum Crater and Mono Lake, ca. 1883. Compare the position 
of  the shoreline in the Horse Creek Embayment and around Lee Vining Tufa with that on Photos 
3, and 5a, b, and c. 



PHOTOGRAPHS 

5a. Panum Crater and Mono Lake, photographed from O'Sullivan's photo-spot in January, 1986. 
The level of the lake at the time of the photograph is 6378 feet--the elevation that Lynch proposed 
for the year 1867. Note thatthe shoreline in the vicinity of the Horse Creek Embayment (see also 
telephoto shot, Photo 5b), and around the Lee Vining Tufa Grove (see also telephoto shot, Photo 
5c) stands far below the shoreline shown in O'Sullivan's photograph of 1867. 



PHOTOGRAPHS 

5b. Telephoto shot of the Horse Creek Embayment taken from the O'Sullivan photo spot, 
January, 1986. See caption, Figure 5a. 



PHOTOGRAPHS 

5c. Telephoto shot of Lee Vining Tufa taken from the 0'Sulliva.n photo spot, January, 1986. 
See caption, Figure 5a. 



PHOTOGRAPHS 

6a. Rush Creek Delta (north up), October 1, 1982 (lake level = 6372.7 feet). The modem 
subsidiary delta (SD) lying at the mouth of the modem delta trench (DT) was depostited in two 
stages, the first in 1967-69, and the second in 1980. An ancient delta trench (ADT) and an ancient 
subsidiary delta (ASD) lie to the west of their modem counterparts. A small confined-onset delta 
(dashed circle) lies within the confines of the trunk stream canyon. Note also Panum Crater (PC) 
and the Panum block avalanche (PBA). 



PHOTOGRAPHS 

6b. The Rush Creek subsidiary delta, looking west (early summer, 1982). Note that the delta 
was deposited in two stages --the first in 1967-69 (right foreground), and the second in 1980 
(presently occupied by the stream). 



PHOTOGRAPHS 

6c. The Rush Creek Delta looking south, August, 1983. Note the prominent trench terrace graded 
to the level of the 1967-69 stage of the subsidiary delta. The terrace was formed when the 
stream incised in 1980. 





PHOTOGRAPHS 

7b. View of the Rush Creek Delta, May, 1984. See caption, Photo 7a. 



PHOTOGRAPHS 

8a. Lee Vining Creek Delta, October 1, 1982 (north up). Note the modern delta trench and 
the subsidiary delta. Remnants of early-stage subsidiary deltas dating £iom the incision of the 
Pleistocene delta (ca. 10,000 BP) are visible in the middle ground to the left of the stream; the 
Historic High Stand is shown with the black arrow. 



PHOTOGRAPHS 

8b. Telephoto shot of the terraces that line the east wall of the trench that bisects the late 
Pleistocene delta on Lee Vining Creek. The lowennost of these is a fill-terrace graded to a 
confined-onset delta deposited approximately 3500 BP when the lake stood at an elevation of 
6499 feet; the higher features are presumed to be cut-terraces eroded as the lake dropped in 
early Holocene time. 



PHOTOGRAPHS 

8c. Lee Vining Creek Delta, looking southwest (August, 1983). Remnants of the 1967-69 
subsidary delta are preserved along the lateral fringes of the active stage of the subsidiary delta. 
Remnants of early stages of subsidiary deltas dating from the initial incision of the Pleistocene 
delta (ca. 10,000 BP) can be seen to the left of the stream; early Holocene cut-terraces are visible 
in the trunk-stream canyon. 



PHOTOGRAPHS 

8d. View of the Lee Vining Creek Delta, May, 1984. The recent rise in lake level has inundated 
the subsidiary delta and flooded the lower reaches of the delta trench. 



PHOTOGRAPHS 

9a. The Mill (right) and Wilson Creek deltas, October 1, 1982 (north up). Note that the Mill 
Creek Delta displays two delta trenches and two subsidiary deltas;' the easternmost of these is 
the main channel; the westernmost was cut in 1969 due to an articicially induced avulsion of 
the stream. The color of these channels constrasts with the white, tufaceous beach pavement 
that cements the delta at elevations below about 6400 feet. The Wilson Creek delta is likewise 
the product of artificial manipulation of the Mono streams; under natural conditions a tiny 
emphemeral watercourse, Wilson Creek has since 1940 carried much of the Mill Creek water that 
flows from the tailrace of the Southern California Edison hydro-generating plant north of Lundy 
Canyon. As a result, Wilson Creek has been artificially enlarged at the 
expense of Mill Creek. 



PHOTOGRAPHS 

9b. The Mill and Wilson Creek deltas, looking east toward Black Point, October 9, 1986. 
Avulsion of Mill Creek during the months before this picture was taken widened and deepened 
the delta trench associated with the avulsion channel (foreground), enlarging the subsidiary delta. 
Compare the small size of the subsidiary delta that lies at the mouth of the main channel of Mill 
Creek (mid-photo) with the artificially enlarged Wilson Creek Delta. Note too the prominant bar 
that has formed on the outer fringe of the Wilson Creek Delta. 



PHOTOGRAPHS 

10a. Turbid water from Wilson Creek being carried westward by a longshore current into the 
north end of the Western Embayrnent. Photo of October 1, 1982 (USFS). Regional wind in the 
Mono Basin on this day was the same as the prevailing wind (south and southwesterly). This 
photo, as well as the littoral embankments that project westward from Mill Creek and from the 
western flank of Black Point, indicate the presence of a backset eddy that is believed to arise due 
to the deflection of the prevailing winds by Black Point. 

SEE PHOTO 9a 
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