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Distribution of Substrate Types
at Mono Lake, California

A report to
The Califonia State Water Resources Control Board

and
Jones and Stokes Associates, Sacramento

1. INTRODUCTION

A. Background

Mono Lake (present  sur face elevat ion 6374 feet )  is  a large body of

hypersaline ,  hyper alkaline  wa te r  t ha t  abu t s t he s t eep Sie r r an fr ont  immediat e ly

east  of Yosemite Nat ional Park (Figure 1). The lake has no  ou t let ,  and so

fluctuat es in elevat ion,  r ising when inflow exceeds evaporat ive lo ss,  and falling

when the r ela t io nship is  reversed. These t r ansg ress io ns  and  r eg ress io ns  r esult

in changes  in  t he spat ial dimensions o f t he  habit a t s used t he lake 's  bio t a ,

inc lud ing  t he a lka li fly (Ephydra hians),an insect  t ha t  co nst it u t e s  an impor t ant

food source fo r  Mono Lake 's  large migratory bird populat ion. Dur ing  it s  pupal

life -  stage,  the fly at taches it self to  t he various "subst rates" (rock, beach

pavement ,  t u fa t o wer s,  and  pumice blo cks ,  and  t o  a  lesser  ext ent  sand and

mud)  t hat  lie  submerged in shallow water  ( t o  -33 feet  depth)  around the

margin o f t he lake. Dur ing it s  larval st age,  the insect  grazes o rganic det r it us

from these surfaces (Herbst ,  1988) . Rises and falls  o f t he lake cause t he

availabilit y o f these different  subst rat e  t ypes (and t hus the availabilit y o f br ine

fly habit at )  t o  vary markedly. This repor t  ident ifies and descr ibes t he different

types  o f subs t r at es  t ha t  occu r  ar ound  and under  Mo no  Lake,  and  document s  t he

dis t r ibu t ion and spat ial d imens io ns o f t hose subst ra t e  t ypes. The repor t  is
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int ended to  provide a  basis fo r  assessing t he acreage o f t he different  subst rat e

types t hat  exist s at  var ious lake levels.

B. Sources  of  Information: Interpret ing the Pelagos Charts

The subaer ial (above - lake) dist r ibut ion of t he var ious subst rat e  t ypes,  shown

on large -scale  work maps t hat  were provided t o  Jones and Stokes Associates,

and inc luded here in reduced fo r m as Figure 2 ,  is  based o n int er pret at ion o f

aer ial photographs and on "ground- t ruthing" in the field . The  sublacust r ine

(below - lake)  boundaries,  also  shown on the plat es,  are  taken from the

bathymet r ic  char t s produced by t he Pelagos Corporat ion o f San Diego . While

the char t s  have  cont r ibut ed immensely t o  t he  scient ific  underst anding o f Mono

Lake,  t hey a re no t  without  er ro rs and inaccuracies. Some o f t hese relate  t o  the

configurat ion o f isobaths. The isobath erro rs t ypically occur  close t o  t he lake

mar gin and aro und the pe r iphery o f t he  islands ,  where  navigat ion hazar ds

(pumice blocks,  t ufa t owers,  and shallow water)  precluded close approach by

the  so und ing  vesse l. Jones and  S tokes Assoc iat es ,  has been made aware o f

these isobathic inaccuracies (St ine let t ers o f 1991 to  K.  Casaday,  JSA) ,  and

have t aken t hese  into  acco unt  in  p roduc ing  t he wor k maps and  Figure 2.

Similar ly,  Pelagos' int erpret at ion o f geologic features of t he lake bot tom,

while  reasonable in  mos t  a reas ,  can be shown to  be in er ro r  in a  number  o f

places . The Pelagos work was conduct ed in August  and Sept ember  o f 1986,

when the lake  st ood  at 6380 feet . Since t hat  t ime it  has dropped 6 ver t ical

feet ,  to  an elevat ion of 6374 feet . Field examinat ion,  as well as examinat ion o f

aer ial pho tographs t aken in May o f 1991 Uake level 6374.5 feet ) ,  and in

October  o f 1982 ( lake level 6372 feet )  makes it  possible to  check, subaer ially,

t he  nat ur e o f t he  subst rat e  t hat  s t o od  under wa ter  when it  was  mapped by

Pelagos. In several areas t hat  Pelagos mapped as "tufa" or  "boulders and t ufa ",

no  t ufa deposit s  ( t owers o r  beach rock)  are evident  on t he ground. Inst ead,

pumice blocks (Pelagos' "boulders ") character ize t hese sites. Along the

nor thern sho r e,  t o  t he no r th and east  o f Black Po int ,  t he combinat ion o f an

abundance o f pumice  blocks and lo w-  g radient  sho relands made it  imposs ible

fo r  t he sounding vessel t o  approach t he sho re closely enough to  map the
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subst r at e ,  and  so  t heir  map  lacks  info rmat io n fo r  t hese a reas. For  t he purposes

o f t his r epor t ,  t he  subst ra t e  in t his area was  mapped using  t he 1982 aer ial

pho t os. Finally,  t he Pelagos char t s,  fo r  reasons o f navigat ion hazard,  are an

imperfect  guide t o  t he sublacust ine dist r ibu t ion o f sand,  par t iculary t he band o f

lit t o r al sand t ha t  has built  up  along  the immediat e  sho re line. This band,  t oo ,

was mapped based on field  observat ion and int erpre t at ion o f ae r ial pho tos.

2. LITTORAL. DELTAIC AND LAKE-BOTTOM SEDIMENTATION

AT MONO LASE

A. In troduct ion

Generally speaking,  Mono  Lake is  charact er ized by t hree deposit ional

environments -- lit toral,  deltaic, and profundal (deep - lake). Under s t and ing

these  envir onment s ,  t he p ro cesses  t hat  define t hem,  and  t he manner  and

extent  t o  which t hey va ry due  t o  lake t r ansgr essions and regressions ,  are

essent ial to  predict ing t he acreage o f subst rat e  available at  a  given lake level.

Each o f t hese deposit ional enviro nment s is  discussed below.

B. The Li t tora l Deposit ional Environment

Introduction. Sands and gravels (and,  locally,  cobbles and boulders)  are

delivered to  t he sho re o f Mono  Lake t hrough a var iety o f means and from

several no t able so urces. Once there, long -shore ( "littoral ") currents dist ribute

this sediment  along the lake margin as "lit t oral dr ift"  (see below) . The band o f

shoreland on which lit to ral dr ift  is  act ively (over  a  per iod of,  say,  weeks)  being

deposit ed delimit s t he lit t o ral deposit ional environment .

Nature and sources oflittoral drift . Among the mo st  impor t ant  sources o f

lit t o ral dr ift  are  Mono  Lake 's pr incipal t r ibut ary st reams. Under  na t u r a l

condit ions,  Rush,  Lee Vining,  Mill,  Dechambeau,  and "Post  Office" creeks

t ranspor t  large amount s o f sand and gravel t o  t he lakeshore year-  round. I (The

1 Under modem conditions flow on Rush, Lee Vining, and Mill creeks has been interupted by diversions.

Wilson Creek -- formerly a tiny stream that seldom carried water all the way to the lake- -has been

artificially enlarged, and so has become an important modern source of sediment.
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ephemeral st reams o f the nor thern Mono  Basin --  Br idgepor t ,  Co t tonwood, and

Rancher ia creeks --  supply sediment  t o  t he lakeshore only int ermit t ent ly. )

While  t he  bulk  o f t his  sediment  accumulat es at  o r  near  each o f t he s t ream

mouths as a delta  ( see below) ,  some is swept  downshore as lit t oral dr ift .

Mono  Lake also  der ives lit t o ral drift  a t  po int s where t he sho reline abut s

st eeply inclined deposit s  o f loose,  unconso lidat ed sediment . Most  impor t ant

among these are Black Po int  (Figure 1) - - the large cone of readily erodible

basalt ic cinder on the nor thwest  sho re o f t he lake- -and t he cliffs o f rhyo lit ic

Mono  Crat e rs t ephra t hat  lie  along  the southern lakeshore. Other  po ints o f

erosion include t he cliff -  exposures of lit to ral and lacust rine sediment  along the

so u t heas t e r n and  eas t e r n sho r es .

Littoral currents . The prevailing southwest er ly winds o f the Mono  Basin st ir

t he  lit t o ral cur rent s t ha t  ent ra in and  t ranspor t  sed iment  along  t he  lake  mar gin.

The dist r ibut ion o f t he var ious t ypes o f dr ift  has been used t o  t race t he

direct ion o f t he prevailing current s (St ine, 1987). Those curr ent s,  descr ibed

below,  are mapped on Figure 3.

The  sweeping no r ther n sho re  o f t he lake is  char ac t er ized by embankment s

and sheet s co mposed p r imar ily o f basa lt ic  sand and gr avel ero ded from the

flanks o f Black Po int . The  p resence o f t hese sho re line depos it s  a s much as 10

miles t o  t he east  of Black Point  clear ly indicat es t he prevalence o f clockwise

curr ent s  in t his  quadrant  o f t he lake . Along the so ut heas t e rn and  eas t e rn

shores,  in cont rast ,  the prevailing lit t o ral current s flow counterclockwise,

car rying rhyo lit ic  sand and gravel eroded from deposit s  o f Mono  Crat ers

t ephr a . Bar s and be rms o f t his  pumiceous dr ift  ext end east -  and  no r thward

from Navy Beach fo r  a  dist ance o f -15 miles.

These two  opposing curr ent s co llide along the lake 's  no r th sho re,  and

dump their  lo ads o f dr ift ,  much o f which is  t hen blown landward  t o  fo rm the

large field  of dunes in that  secto r . The co llision necessit at es a "return-
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current  ",  which flows,  perhaps largely at  depth,  o ffshore to  the southwest .

Lit t oral flow along the west ern t hird o f t he lake is  more complex,  more

var iable,  and  genera lly weaker ,  t han t he pers ist ent  cur rent s desc r ibed abo ve.

Because it  is  t ypically secluded from st rong winds,  t he margin o f t he West ern

Embayment  is  cha ract e r ized  by pa r t icu lar ly feeble waves and lit t o ral curr ent s.

I t  is  reit erat ed t hat  t he current s descr ibed above are t he prevailing

currents,  reflect ing the prevailing windflow at  Mono Lake. With var iat ions in

the wind direct ion come var iat ions in the direct ion o f long -shore current s.

Depth of littoral deposition. On numer ous  occas io ns  du r ing  t he  summers  o f

1980 and 1981 it  was possible  t o  observe t he depth t o  which sand is deposit ed

by lit t oral processes. These obser vat io ns were made immedia t ely aft er

windsto rms severe enough to  st ir  whit ecaps  on t he surface o f t he lake. At  the

t ime  o f each measur ement  t he lake  was  lower  t han it  had  been fo r  a t  least  130

years ,  t hus assur ing  t hat  t he lit t o ral deposit s  fo und in sha llow water  along the

lake shor e were t ho roughly modern. Fine sand was t ypically found to  a  depth

of less t han 3 feet ,  t hough in one inst ance it  could be found to  a  depth o f

approximately 4 feet . Lit t o ral sand might  find it s  way into  deeper  water  dur ing

t imes o f very severe winds; as  a  r ough es t ima te ,  t hen,  t he maximum dep th o f

sand deposit ion by lit t o ral current s at  Mono  Lake is  t aken t o  be approximately

5 feet . This est imat e is  in acco rd with underwater  observat ions by Dr .  David

Herbst  (pers.  comm.) . Several non -  lit t oral mechanisms act  t o  t ranspor t  sand

into  deeper water locally (see below,  and St ine,  1987. )

The effect of lake -level fluctuations. Changes in  lake  leve l (and t hus in

offshore water  depth,  and in t he o r ient at ion and configurat ion o f t he sho reline)

can affect  dramat ically t he direct ion o f the lit t o ral current s,  t he sources o f

lit t oral dr ift ,  and the locat ions at  which t hat  dr ift  is  deposit ed. When t he

surface o f t he lake declines to  below 6401 feet ,  fo r  example,  the regressing

shoreline lo ses cont act  with the steep flank of Black Po int ,  effect ively cut t ing

off t he supply o f basalt ic  cinder t o  the lit t o ral current s. When the lake surface

8



exceeds  approximately 6435 feet  t he sho re line t akes  a  shar p no r t her ly bend

jus t  east  o f Black Po int ,  c rea t ing an embayment  ( t he  "Dechambeau Ranch

Embayment " - -  Figure  1)  t hat  is  bypassed by t he current s. This,  too,  effectively

cut s o ff t he supply o f cinder  t o  beaches downshore. Beach deposit s  of Black

Po int  cinder along the no r thern shore are t hus rest r ict ed t o  a  well-  defined

band that  lies  between eleva t ions o f 6401 and abo ut  6435  feet . At  lake

elevat ions above and below this band o f cinder ,  t he lit t o ral dr ift  a long the

nor thwest ern sho re  is  co mpo sed  pr imar ily o f andesit ic  sand t ranspor t ed in

small quant it ies t o  t he lake margin fro m the Bodie Hills  by t he a fo rement ioned

ephemer a l  s t r e ams.

The quant it y o f gravel and sand that  t he st reams deliver  t o  t he lit t o ral

current s can likewise change with fluctuat ions in  lake level. As long as t he

shoreline occupies t he gent ly sloping "plains" of t he delt as,  as it  does at  lake

levels  between roughly 6400 and 6440  feet ,  waves  and current s can rework

newly depos it ed st ream sed iment  and t ranspor t  it  t o  dist ant  po int s aro und t he

lakesho re . When the lake r ises above t he plain o f t he delt a ,  engulfing t he

t runk - st r eam canyon,  t he s t ream dumps it s  load  in  t he canyo n,  away fr om the

direct  influence o f t he lit to ral processes. If t he shoreline drops below the

delta plain onto  the steeply inclined "delta  front  " ,  as it  does at  lake levels below

6400 feet ,  t he great  bulk o f t he st ream sediment  falls  o ff t he delt a  into  deep

wate r ,  beyo nd t he reach o f waves  and  cu rrent s.

The ser ies o f - -  no r th- st r iking faults  that  direct  the southeast ern lakeshore

exer t  ano ther  t ype o f influence on lit t o ral t ranspor t . The t ufa  deposit s  t hat

have fo rmed along  sever al o f t hese  lineament s const it ut e  jet t ie s t ha t  shunt  t he

normally east er ly-  t o  no r theast er ly-  flowing current s,  and any sediment  t hat

they car ry,  no rthward t oward t he open water o f t he lake. As a result ,  lit to ral

flow is "sediment- starved " -  -and thus highly erosive - -in the lee of the jet ties

(the northeast  side),  and "sediment- stuffed " -  -and thus prone to deposit ion - -on

the up-  current  side. This has c reat ed "scallo ps" o n t he sou theas t ern

shorelands - -  shallow,  asymet r ical embayment s whose shorelands grade from a

relat ively low gradient  south and west  o f t he fault s,  to  a relat ively high gradient

9



t o  t he no r th and eas t . The  massiveness  o f t he jet t ie s,  and  t hus t he ir

effect iveness in deflect ing t he lit t oral current s,  var ies asystemat ically with lake

level. The asymet ry in eros ion /deposit ion t ends t o  be accentuat ed  dur ing  r ises

in lake level,  when shoreland erosion is  most  pronounced (St ine,  1990) .

Lake - level fluctuat ions can influence current  direct ion t o  an even great er

degree along the no r thwest  sho re. There,  as the lake recedes t o  an elevat ion

of -6390 feet ,  po r t ions o f t he Negit  landbr idge begin t o  pro trude from the lake

surface,  deflect ing the no rmally clockwise flow of water  into a

counte rclockwise backset  eddy. The effect  is int ensified as t he lake falls  t o

lower elevat ions. This ,  in combina t io n with t he dear t h o f sediment  sour ces

that  exist s at  low lake levels on t he no r thwest  sho re,  and with t he

current  -  dampening effect  o f t he pumice blocks t hat  lit t er t he shorelands in

this sector  (see below) ,  accounts fo r t he relat ively thin blanket  (and locally,  the

absence) o f lit to ral sand observed on low - elevat ion beaches north and east  of

Black Point .

Littoral processes and their i. hence on shoreland gradient . At several po int s

aro und  the lake  ( including Black Po int ,  t he Sie r ran esca rpment ,  and t he  high

cliffs o f lacust r ine sediment  near  Simon's Spr ings)  t he gradient  o f t he

sho relands is  d ict at ed by s t ructu ral featu res  o f t he landscape. Away from these

features,  it  is  t he lit t o ral processes t hemselves t hat  dict at e  sho reland gradient .

Consider  t he sho r elands no r t heast  o f Black Po int : Because t he basa lt ic  cinder

eroded from the flanks o f t he vo lcano  is  relat ively coarse and abundant ,  it s

t ranspor t  by waves  and  lit t o r al curr ent s necess it a t es a  s t eep  beach,  which t he

waves  and  cur rent s bu ild  t hr ough depos it io n. Thus,  between elevat ions o f

6401 feet  and 6435 feet  (where,  fo r  reasons given above, Black Po int  cinder is

deposit ed) ,  gradient s along the no r thern sho re o f t he lake are st eep

( - 70 - 100 /1000) . Bo t h landwar d and lakeward o f t his band ,  wher e t he

andesit ic  sand t ha t  composes t he lit t o ral dr ift  is  bo t h scarce and fine,

sho r e lands  t end  t o  be  fa r  gent le r  ( 18 /1000) . This  same p r incip le applies

aro und most  o f t he  Mono  shor elands. Since many factors (see above)  tend t o

depr ive t he lit t o ral syst em o f bo th an abundance o f dr ift ,  and o f coarse dr ift ,  as
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the lake falls  to  lower elevat ions (most  notably,  to  below 6400 feet ),

sho relands t end t o  flat t en dramat ica lly in  t he lakewar d direct ion. This  t r end

toward flat tening is reversed at  t he lakeward margin o f t he "Scho ll t er race " 2

(elevat ion 6368 feet )  where,  around most  of t he lake per iphery,  the lake

bo t t om s t eepens abrupt ly. Reasons fo r  t he fo rmat ion o f t he abrupt  st eepening

(the "nick point  ") at  6368 feet  are discussed by St ine (1987).

C. The Profundal  Deposi t ional  Environment: Deep -Lake Muds

Away from the immediate  shores o f Mono  Lake, on the moderat ly deep-  t o

deep - lake floo r,  deposit ion is dominated by a highly flocculated,  biogenic ooze.

This black to  olive -green "seston" (or,  in simpler terms, "mud" or "muck ") is

composed primarily of clay - sized, and fine -silt  -sized particles. Fossil diatoms,

as well as oo lit ic  sand and  algal mat s,  charact er ize t he mud at  some localit ies.

When first  deposit ed,  t he seston is  water  - r ich and unint egral. Over  t ime

an ind ividua l yea r 's  accre t io n set t le s,  and  becomes  mo re compac t  and

coher ent . Bur ial by subsequent  depos it s  fu r t he r  compresses t he  mud ,

const r ict ing it s  int erst it ia l space,  and decreasing it s  wat er  cont ent .

Because of t his t ransfo rmat ion,  "Mono mud" displays different  degrees o f

erodibilit y (as well as different  habit at  suit abilit ies fo r t he br ine fly)  depending

on it s  age and degree o f compact ion. As t he lake shallows dur ing a regression,

muds  t ha t  accumula t ed in t he quie t  o f re lat ively deep wate r  suddenly are

subjected to  waves and current s (see above)  - -  agent s that  have t he capacity t o

remove some o r all o f t he youngest ,  least  solidified mater ial. In general,

relat ively soft  muds are ret ained on shorelands subjected to  low -  energy waves

and cu r rent s  ( e . g .  t he  sho r elands o f t he West e rn Embayment  and Dammed

St r ait s ,  and  ar eas with a  high densit y o f pumice  blocks t hat  mu te  t he waves and

currents- -see below); in general,  sho relands subject ed t o  higher-  energy

processes dur ing a lake drop ar e st r ipped o f t heir  so ft  muds. Fu r t he r

2 The Scholl  Terrace i s a gently inclined wave -cut platform that  encircles the lake.  See Stine,  1987.
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shallowing  causes t he muds t o  be blanket ed with a  great e r  o r  lesser  t hickness

of lit toral drift .

D. Delt a ic  Sedimentat ion

At  t he mou ths  o f Mo no  Lake 's  main influent  st reams,  alluvium

(r iver- t ranspor t ed sediment )  const it ut es t he predominant  deposit . While  a

por t ion o f t he sands ,  gravels,  cobbles and boulders are ent rained by lit t o ral

current s and t ranspor t ed long -shore (see above) ,  the majo r it y o f t he alluvium

from each r iver  comes t o  rest  in close proximity t o  the st ream mouth,  where it

fo rms a delt a . In co nt ras t  t o  t he sediment s  t hat  char act e r ize t he o ther

deposit ional environment s,  t he delt a  deposit s  ar e coarse and  relat ively

immobile ,  par t icular ly if t hey become cemented with t ufa t o  fo rm beachrock.

While t he largest  delt as occur  at  t he mouths o f Rush,  Mill,  and Lee Vining

creeks,  o ther  st reams -  - including t he small,  unnamed creeks t r ibut ary t o  t he

West ern Embayment  -  -are charact erized by delt aic  deposit s  at  t heir mouths.

3 . THE "SOFT- SUBSTRATES"

A. Int roduct ion

The  three  sedimenta ry enviro nment s descr ibed  above cons t it ut e  t he

backdr op upon which t he var ious habit at -  r elat ed  subs t rat e  t ypes are

super impo sed . Bio logist s st udying the alkali fly have divided t he subst rat e

types into "so ft" and "hard" catagories,  based on mobilit y,  sur face

charact er ist ic s,  and habit a t  po t ent ial ( Herbs t ,  1988; Lit tle,  et  al,  1990). While

these t ypes  and cat agor ies a re no t  necessar ily t he same  as  t ho se t ha t  wo uld  be

employed by a geomorpho logist ,  t hey never theless  have a basis in

geomorpho logy and so  are desc r ibed and  discussed in geomo rpho logical t erms.

The so ft  -  subst rat e  t ypes include fine,  unconso lidat ed sediment s that  are

subject  to  wave- and current  -  induced shift ing. Based on mode o f o r igin,  and on

dist r ibut ion, the soft  -  subst rates are convenient ly divided into  two types: i)

mu d ,  a nd u) lit t oral sand /gravel. The present  -day dist ribut ion of these
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so ft  -  subst rat es,  and info rmat ion required to  predict  t heir  future areal extent

under  cer t a in t ransgression / regr ession scenar ios,  are  present ed below.

B. Mud Substrate

Present -day distribution. The present  -day dist r ibut ion o f lake mud is shown

on Figure 2. Subaer ial po r t ions o f t he po lygons were drawn based on aer ial

pho t ographic int er pret at ion and field  examinat ion. The  sublacus t r ine

dist r ibut ion is  based on t he bathymetr ic  and "geologic- features" char t s

pro duced by Pe lago s,  and on assumpt ions  s t emming  fro m the  d iscussions o f

deposit io nal environment s pr esent ed above.

Lake- bo t tom mud is by far  the most  areally ext ensive of t he subst rat e  t ypes.

I t  covers  t he great  bulk o f t he lake bo t tom,  and co nst it ut es  t he med ium upon

which mo st  o f t he o ther  impor t ant  subst ra t e  t ypes have been deposit ed. For

the sake o f accuracy and consist ency,  any calculat ions o f present  -day

mud -  subst rate  area should subt ract  out  t he 2- dimensional area o f o ther

subst r at e  t ypes (most  impo r t ant ly,  t he pumice blocks)  t hat  over lie  t he muds.

Changes in distribution with fluctuations in lake level. In  a ssessing  t he

impact  o f lake fluctuat ions on t he d ist r ibut ion o f mud subst ra t e ,  it  is  reaso nable

to  consider  t he ent ire  lake floo r  at  any given lake level as mud,  and t hen

subt ract  out  t he  ar eas o f t he subst rat e  t ypes t hat  ove r lie  t he mud (most

impo r t ant ly,  sand  and  pumice  blo cks) . The dist r ibut ion o f these o ther

subst ra t e  t ypes  is  discussed be lo w.

C. Littoral Sand and Gravel Substrate

Present -day distribution. Lit toral sand (and locally,  lit to ral gravel) occurs as

a band that  encircles Mono  Lake (Figure 2) . Observat ions (see above)  suggest

that ,  where waves and long -shore current s are t he pr imary deposit ional agent s,

lit t oral sediments typically accumulat e at  depths of from 0 -5 feet  o f water .

Except ions a re found alo ng the no r theast ern sho r e o f t he lake,  where t he

previously described return -  current  apparent ly carr ies sand t o  a  depth o f

around 12 feet  (depth based on t he Pelagos char t s) ; at  t he mou ths o f t he ma in
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t r ibut ary st reams,  where sand falls  o ff t he st eep delt a  front  into  deep water ;

and along the so utheast e rn sho re ,  where  sand is  shunted  o ff t he  Scho ll Terr ace

into deep water  ( t o  depths o f -30 feet )  by t he natural jet t ies.

In mo st  ar eas t he  sand  cons t it ut es  a  mo re  o r  less cont inuo us  shee t . At

South Tufa,  in cont rast ,  sand over lies beachrock locally,  and appears t o  provide

only -50% cover . No te  t hat  t he  sublacust r ine sand dist r ibut ion mapped  by

Pelagos and shown here on Figure 2 reflect s the fact  t hat  the lake fell t o  as low

as 6372  fee t  in 1982.

The lit t o ra l sand is  no t  o f unifo rm t hickness t hroughout  it s  dis t r ibu t ion. In

places (mo st  no t ably on t he no r thwest er n sho re)  it  t hins t o  a  layer  less t han

1/  16 -inch t hick t hat  overlies mud. At  several po int s in t his quadrant  it  is  no t

uncommon under  some wind /wave cond it ions t o  see a  t hin accumulat ion o f

lit to rally- t ranspor t ed mud over lying t he t hin layer  of sand. At  any given

moment  along some por t ions o f t he lit t o ral zone,  t here may be a  mercur ial

pa t chwo r k o f sand  and  mud .

Changes in distribution due to fluctuations in lake level. In t he mos t  general

sense,  a  t ransgression o f t he lake will fo rce an upslope migrat ion o f t he band o f

lit t oral deposits . This applies t o  t he upper  boundary o f t he band (since it  will

move landward with t he r ising shoreline) ,  as well as t o  t he lower  boundary

(where,  due t o  deepening water ,  lit t o ral deposit ion will cease,  and previously

deposit ed sands will become covered with muds) .

For  t wo  reasons ,  t he band o f lit t o ral sand surro unding t he lake sho uld,

generally speaking,  become narrower  as t he lake moves from it s  present  level

to  higher  elevat ions. First ,  t he st eepening  o f t he sho re lands in t he upslope

direct ion dict at es t hat  a band o f sand ext ending into 5 feet  o f water will be

narrower  at  high elevat ions t hat  it  will a t  low; and  seco nd,  a s t he  sho r eline

migrat es an increasing dis t ance fro m the dist al marg in o f t he Scho ll t er race,

there should be less t endency fo r  sand to  spill o ff t he ter race into deep water

( t his pe r t ains par t icula r ly t o  sand deposit ion along t he southeast ern sho re) .
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Should the lake fall to  elevat ions below the level o f the Scholl t er race the

shoreline will again abut  relat ively st eep slopes -  - so  steep, in fact ,  t hat  sand

might  be expect ed t o  spill t o  deep water  around much o f t he lake per iphery.

Thus,  t he  t endency fo r  t he sand band to  widen,  and  t o  cover  an ever  great er

percent age o f t he lake floo r,  may increase markedly at  lake levels below 63 70

feet .

I  know of lit t le basis for  predict ing any lake-  fluctuat ion- induced changes in

the pat t ern of sand deposit ion associat ed with t he return - current  o f t he

no r t he r n sho r e . Per haps t his  sand fie ld  is  bes t  t rea t ed  as  a  const ant

percentage o f t he fluctuat ing area o f t he lake floo r .

4 . THE "HARD- SUBSTRATES"

A. In troduct ion

The hard -  subst rat e t ypes are charact er ized by durable (and,  ideally,

micro topographically int r icat e)  sur faces t hat  are no t  subject  t o  shift ing by

waves. Included here are t ufa-  covered pumice blocks,  beach rock, t ufa t owers,

hard - rock o ut cro ps,  and muds tone. Each is  d iscussed in  t u rn.

B. Pumice  B locks

Introduction. Around 1700 years ago  a volcanic erupt ion on the floo r  o f

Mono Lake produced the islet  named "Java" (Figure 1) . Included in t he eject a

associat ed with this erupt ion were t ens of thousands o f large ( t ypically >3 feet ,

and up t o  >30 feet ) ,  vesicular  blocks of pumice. Dur ing and short ly fo llowing

the erupt ion,  t hese highly buoyant  "Java blocks" float ed to  t he surface o f Mono

Lake and dr ift ed t o  sho re,  where t hey shoaled,  water logged, and became

coat ed with tufa (St ine,  1987) . They were  subsequent ly par t ially (ar ound most

of t he sho relands)  t o  complet ely (near  t he deltas)  bur ied in sediment . T he

pumice  blocks a re,  in  shear  ac reage,  by fa r  t he mos t  abundant  o f t he

hard - subst rate types. Because o f t he ir  du rable  but  po ro us su rfaces,  t hese
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anchored pro minences,  ac re fo r  acre,  a lso  const it ut e  t he mos t  product ive

subst rat e  type for  t he pupal stage o f t he alkali fly (David Herbst ,  pers.  comm.) .

Distribution. The pumice blocks (see Figure 2)  lit ter  t housands of acres

under  and about  t he west ern half o f Mono  Lake,  from the Horse Creek

Embayment  in t he  so ut h,  t o  t he  119t h mer id ian in t he  no r th. They o ccur  up

to,  but  not  above, an elevat ion of 6390 feet  -  -the approximate level of the lake at

t he t ime o f t he causal erupt ion. ( In many areas t he highest  blocks have been

bur ied  in sediment  over  t he  cent ur ies,  and so  appear  t o  have t he ir  upwar dmo st

limit  of dist r ibut ion at  levels considerably lower  than 6390 feet . ) Aerial

pho t o gr aphs3 t aken when the lake was  bo th low and  pe luc id show that  t he

blocks occur  down to  and below the lakeward margin ( i. e .  6368 feet ) of the

Scho ll ter race. The Pelago s ba thymet r ic  char t s indica t e  t hat  t he blocks also

occur below the Scholl terrace,  on the deep -lake floor.

The dist r ibu t ion o f t he pumice  blocks is  mapped on Figure 2. Bo undar ies

of t he subaer ial blockfields were drawn from air  pho tos; sublacu s t r ine

boundar ies were der ived from the Pelagos char t s.

Distributional densi ties and surface areas . On Table 1  each pumice -block

po lygon has been assigned a block dens it y (blocks per  acre) ,  and an average

block - sur face area (derived by t reat ing the blocks as 5 -faced cubes). Also

included is  a  2-  dimensional sur face area,  calculat ed so  that  t he map-  acreage o f

blocks co uld be subt raced from the acreage o f t he subst rat e  t ype on which t he

blocks lie . Densit ies and su rface  areas o f subaer ially expo sed blocks  are based

on field  count s and field  measurement s within 100 -yard X 100 -yard squares at

sit es which,  on aer ial pho tographs and in t he field ,  appear  t o  be represent at ive

of the part icular blockfield. No te t hat  t hese est imates do  no t  t ake into  account

the small pieces o f broken tufa t hat ,  in some  areas,  lie  scat t ered around the

pumice  blocks .

3 These photos include stereo pairs flown by the U.S. Forest Service in 1982, as well as low - altitude

oblique photos taken by the writer during and shortly after that same year.
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Table 1: Densities of Pumice Blocks
Polygons Blocks Two - dimensional Three - dimensional

per acre areab areac
tf2/ re� M2/.acre)

P1 sparse (not estimated) (not estimated)
P2 250 6000 31,000
P3 670 8040 26,800
P4 710 14,200 52,540
P5 710 14,200 52,540
P6 78 936 3120
P7 78 936 3120

a refer to Figure 2 for locations
b area of horizontal plane (= map area)
C entire exposed surface area

On the subaer ial po r t io ns o f t he mapped  ar ea  maximum block  densit y (710
per  acre) ,  as well as maximum block surface -area (14,200 ft 2 per  acr e in 2

dimens io ns ,  and  52 , 540  ft 2 per  acre in 3  dimensions) ,  occur  t o  t he west  and

south o f Java Islet  near  Black Po int . The  minimum densit y (78  per  ac re)  and

surface areas (936 ft 2 per  ac re in 2  d imens ions,  and  3120 ft 2 per  acr e in  3

dimensions)  in a  blockfield occur  along the no r th sho re. 4 At  t hese two sit es,

as elsewhere, there is a tendency for the blocks to be shorter (that is, to

protrude above the ground surface a lesser amount, and therefore to have a

smaller exposed 3- dimensional surface area) and to be less densly distributed,

in the landward direction, reflecting the greater degree of buriel at higher

elevation. Indeed, at some sites (e.g. on the northern shore), all blocks above

an elevation of 6378 feet are nearly to completely buried in littoral and

profundal sediment.

The Pelagos charts provide no information on the the sizes and densities of

the blocks that lie on the deep -lake floor. It may, at first grasp, seem

reasonable to assume that the lakeward trend toward larger blocks and greater

4 Occas iona l scatte red b locks occur in lower dens it ies locally (e.g.  i n the Horse Creek Embayment),  but

these do not const i tu te  a blockfi eld ,  and so were ignored for  the purposes  of the  subs tra te  analysi s.
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concent ra t ions co nt inues into  deep wa ter . It  is  just  as reasonable,  however ,  t o

assume that  densit ies decrease lakeward o f t he Scho ll t er race,  reflect ing a

tendency fo r  blocks t o  dr ift  c lo se t o  sho re and shoal,  rather  t han t o  sink in

open water . Wit h t his ques t io n no t  r eadily answerable,  it  has  been assumed in

the mapping  t hat  sublacust r ine blo ck  dens it ies  and su r face  ar eas  equa l t he

average values calculat ed fo r  t he adjacent  subaer ial blockfield.

C. Beach Rock

Introduction. Beach rock (t ufa-  cemented sands,  gravels,  and cobbles) ,

while  fa r  less  common than t he pumice  blocks discussed abo ve ,  cons t it ut es

ano ther  conspicuous hard -  subst rat e  t ype. Beach rock fo rms in t he

lake -  shallows where calcium- bearing spring water  mixes with t he

carbonate -r ich lake water within t he interst it ial vo ids o f coarse deposits ,

fo rcing t he pr ecipit at ion o f calcium carbo nat e as a  cement ing mat r ix.

Distribution. Subaer ial exposures o f beach rock are found on po r t ions o f t he

Mill Creek delt a ,  on t he ground surface  at  South Tufa,  and  near  t he mouths o f

several small creeks along the west ernmost  sho re o f t he lake. (Smaller

out crops o f beach rock were considered insgnificant  fo r  t he purpose o f t his

analysis. ) These sit es ,  and  t he sublacus t r ine  expo sur es  infer red fro m t he

Pelago s char t s,  a re  mapped o n Figu re 2.

In most  sit es where beachrock ext ends into  t oday's  lake,  t he beach rock is

part ially (  -50 %)  covered with sand down to depths of -5 feet . The  pe rcent age

of beach rock  covered  wit h sand may change dr amat ically t hrough t ime. More

impo r t ant ly,  pe r haps ,  t he sand may shift  t hr o ugh t ime ,  chang ing  t he sand

dis t r ibut io n. The effect  o f shift ing sands on t he suit abilit y o f beach rock fo r

br ine  fly habit at  is  no t  known.

D. Tufa Towers

Introduction. Tufa towers are vert ically- to  sub - vert ically- standing columns

of calcite  and aragonite  (and perhaps mono  -  hydrocalcit e and ikait e)  t hat

fo rmed at  sit es where fresh wat er ,  eminat ing fr om the lake bo t tom at  a  spr ing
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or ifice,  mixed with lake water ,  inst igat ing t he precipit at ion of calcium

car bo na t e . The t owers occur  as dist inct  phallically- t o  mushroom- shaped to

bizar rely-  configured pro t rusions ranging from a few inches t o  as much as t hir t y

feet  high and up t o  -8  feet  in diameter ; as huge cast ellat ed domes up t o  35

feet  high and >60 feet  in diameter ; and as agglo mera t ed spir es t hat  fo rm

cont inuous walls up t o  30 feet  high and hundr eds o f feet  in length. These

feat ures a re d iscussed in det a il in ano t her  repor t  t o  Jones and Sto kes

Associat es (St ine,  1992) .

Distribution and surfacearea. Large concentrat ions ( "groves ") of towers are

rest rict ed t o  t he west ern half o f t he lake,  where they occur along the lateral

fr inges of t he Pleistocene deltas of Rush,  Mill,  and Lee Vining creeks. Several

much smalle r  concent r a t io ns  ar e found a lo ng t he  so ut her n and eas t e r n sho r es .

Many o f t he largest  t ower  agglomerat ions occur in linear  bulwarks associat ed

with fault s  o r  slippage p lanes. The huge majo r it y o f t owers ( t housands in

number) are found below an elevat ion of 6 ,406 ft  (1 ,952.76 m); a n

inconsequent ial number  (vis -a  -vis br ine fly habit at )  have fo rmed above t hat

elevat ion. The four  largest  concent rat ions o f t ufa t owers were mapped at  t he

1:24 ,000  sca le. These o ccur  at  South Tufa,  S imon's Spr ings ,  Count y Park

(Dechambeau Creek) and Lee Vining Tufa (Figure 1) .

For  t he purpose of calculat ing t he 3- dimensional area o f t he tufa t owers,  a

dist inct io n was made between the large domes and bulwarks ( i. e .  t he large,

cont inuous agglomerat ions  o f t ufa )  on t he one hand ,  and ar eas char act e r ized by

relat ively small,  so lit ary spires on t he o ther . The large agglomerat ions at  South

Tufa were mapped  separa t e ly and assigned an aver age summit  eleva t ion

(est imated o n t he basis o f fie ld  measurement s) . The areas of solitary spires

were  t reat ed  in a  manner  similar  t o  t hat  employed in  t he  mapping  o f t he

pumice blocks -  - t hat  is,  each po lygon was assigned an average tower  size and a

tower  densit y. The data for the two largest  groves of towers -  -Lee Vining Tufa

and South Tufa -  -is  summarized in Table 2 .
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Table 2

Summary  of Tower Elevat ions and Diameters,

Lee Vining and South Tufa Groves

Lee Vining Tufa Grove: Tower  Densit y = 300 per acre

For  t ower summit s 6405-  to  6390 -foot  elevat ion:

average height = 4 ft, average diameter = 2 ft
For  t ower summit s 6390-  to  6380 -foot  elevat ion:

average height  = 6 ft ,  average diameter = 2 ft

For  t ower summits 6405- to  6390 -foo t  elevat ion:

average height  = 4 ft ,  average diameter = 2 ft

For  t ower summits 6380- to  6372 -foo t  elevat ion:

average height  = 9 ft ,  average diameter  = 4 ft

South Tufa Grove: Tower  Densit y = 300 per  acre

For bulwark summits 6390-  t o  6380 - foot  elevat ion:

average height  = 12 ft

Fo r bulwark summit s below 6380 -foo t  elevat ion:

average height  = 16 ft

For  solit ary spire summits 6400-  t o  6390 -foo t  elevat ion:

average height  = 3 ft ,  average diameter  = 2 ft

For  solit ary spire  summit s 6390- to  6380 - foot  elevat ion:

average height  = 5 ft ,  average diameter  = 3 ft

No  solit ary spires with summit s below 6380 feet  (all t oppled)

So lit ary spire  densit y: 250 pe r  acre

The dat a also  provides a  basis fo r  calculat ing t he 2- dimensional sur face area

(map area)  of hard - subst rat e  within the t ufa groves,  thus permit t ing a more

accur at e  assessment  o f t he area o f subst r at e  t ype t hat  sur r ounds t he  t ower s.

Dens it y and dist r ibu t ion o f t owers in t he sublacust r ine groves mapped by

Pelagos (and included  here on Figure 2)  ar e unknown.

Analysis o f past  t oppling pat t erns at  South Tufa (St ine,  1992)  st rongly
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suggest s t hat ,  because o f lit t o ral undercut t ing o f t he ground  surface in which

the towers are root ed,  few if any of t he solit ary towers lying above an elevat ion

of 6381 feet  will survive future r ises in lake level. Wit h t his  in mind ,  t he

subaer ial po lygons o f so lit ary t owers at  South Tufa should no t  be included in

calculat ions o f hard -  subst rat e. No te t hat  t his does not  apply t o  t he other  tufa

groves.

E. Mudst one Subst rate

Paoha Island is  composed mainly o f ancient  lake-  bo t tom sediment s t hat ,

ove r  t he millennia ,  have been co mpact ed int o  muds tone. This  ma t er ia l has

been uplifted to  it s present  posit ion by lake -floor  volcanism.

The mudst o ne  is  mo re  du rable  t han t he  younger  muds  o f t he  sho re lands ,

t hough far  le ss dur able t han t he bedr ock  t hat  makes up t he  is lands o f t he  Negit

Archipelago (see below). Paoha, and t he slump - blocks o f mudstone that  lie

submerged to  it s  no r th,  east  and,  mo st  consp icuously,  t o  it s  west ,  are  peculiar

no t  only in t heir  composit ion,  but  in t hat  t hey are no t  blanket ed with lit t o ral

sands dur ing r ises and falls o f t he lake ( this central - lake area is  cut  off from the

lake -  marginal sand supply).5 The subaer ia l and sublacust r ine  d is t r ibut io ns  o f

muds t one a re  shown o n Figur e  2 .

F. Hard -rock Substrate

A final hard -  subst rate  type is  found on t he islands of t he Negit  Archipelago.

Ther e,  vo lcanic boulders  t hat  make  up  t he flanks o f t he islands have been

coat ed with t ufa. At  modern-day lake levels t he  islands provide hundreds o f

acres o f hard  su rface. Hard rock crops out  at  several po int s on Paoha Island as

well,  and as dikes associat ed with fault s  on t he lake floo r .  The subaer ial and

sublacust r ine  dist r ibut io ns o f hard - rock subst rat e  are shown on Figure 2.

5 The Paoha Islets are highstanding portions of the mudstone block that slumped off' the western flank of

Paoha Island at the time it was hoisted into the lake.
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5 . COMPLICATIONS IN PREDICTING SUBSTRATE AREAS

Within t he cons t raint s enumer at ed above,  calculat ion o f t he acreage o f a

pa r t icu la r  subs t r at e  t ype per given lake level should be a  relat ively simple

process. But  t he fact  t hat  t he lake does no t  sit  a t  some given level,  but  rather

r ises and falls  over  t ime,  complicat es t his simple picture. There is a  lag,  for

instance,  between the t ime o f a lake rise  (be it  an init ia l SWRCB- o rdered

adjustment  o f t he lake ,  o r  a  t ransgressio n r esult ing  fr om natur al,

post  -  adustment  hydroclimat ic  fluctuat ions)  and t he t ime when previously

deposit ed sands in deep water  are finally covered with mud. For  t his  reason,

t he band o f lit t o r al sand t hat  encir cles t he lake at  any given moment  can be

expect ed t o  be wider  t han t he value  calculat ed from a map.

Veget at ion int roduces ano ther  complicat ion. A lake t ransgr ession can

submerge hundreds o f acres o f arbuscular  and gramino id veget at ion-  -plant s

that  have a huge  sur face  a r ea  and  t ha t  ac t  as  a t t achment  subst ra t e  fo r  t he  a lkali

fly (Herbst ,  pers.  comm. ,  1991) . The amount  o f veget at ion t ha t  is  submerged

dur ing  a lake t r ansgr essio n will depend on a number  o f facto rs ,  inc luding t he

magnitude o f t he r ise ,  t he amount  o f t ime that  veget at ion has had t o  co lonize

the sho relands,  and  t he elevat ion int e rval affect ed (with higher  sho relands

genera lly p rone t o  mor e rap id co loniza t ion by bo t h arbuscular  and  gramino id

species) . Info rmat ion is  also  lacking on t he amount  o f t ime that  newly

submerged veget at ion remains available to  t he insect s-  - t hat  is ,  t he amount  o f

t ime that  elapses befo re the vegetat ion is  eit her  uproo ted by wave act ion, o r

covered with sediment . According t o  Herbst  (pers.  comm.,  1991) ,  at  least

some submerged  vege t a t io n pe rsist s  as  at t achment  subst ra t e  fo r  at  leas t  10

years .

A final complicat ion derives from the recent ly discovered precipit at ion o f

gaylusit e  within t he lake. Since it  appears t hat  t he growth o f t hese cryst als

requires sit es o f previously exist ing hard - subst rat e fo r nucelat ion, gaylusit e

precipit at ion will problably no t  affect  materially the dist ribut ion of hard -

subs t r a t e . Changes in t he micro topography o f var ious surfaces,  however ,  may

influence t he overall habitat suitability of a particular hard - substrate type.

2 2



Literature Cited
Herbst ,  D.B. ,  1988. Compari tive popula tion  ecology of Ephydra hians Say (Diptera:  Ephydridae)
at Mono Lake (California)  and Abert Lake (Oregon). Hydrobiologia v. 158 pp. 145 -166.

Li tt le, P. ,  S. Hurlbert ,  and T.J. Bradley, 1988. Brine fly spatia l distr ibution in Mono Lake.
Unpubl ished r epor t  to the Los Angeles Depar tmen t  of Water  and Power .

Pelagos Corporation ,  1987. A bathymetr ic and geologic survey of Mono Lake, Cal ifornia.
Repor t  prepared for  the Los Angeles Depar tmen t  of Water  and Power . San  Diego.

St ine,  Scot t ,  1987. Mono Lake: The pa st  4000 year s. Unpubl ished Ph .D.  disser ta t ion ,
Univer sity of Cal iforn ia,  Berkeley,  615 pp.

,  1990. Late Holocene fluctuat ions of Mono Lake,  eastern  Cal ifornia.  Palaeogeography,
Palaeocl imatology, Palaeoecology, v. 78, pp. 333 -381.

, 1992. Past and Future Toppl ing of Tufa Towers and Sand Tufa  at  Mono Lake,
California. Techn ical  Repor t  to the Cal i forn ia  Sta te Water  Resources Con trol  Board and Jones
and Stokes  Associa tes,  Sa cramen to. 20 pp.  +  ma ps a nd a ppendices.

23




