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Abstract

Geologic mapping and a gravity sudy of the “Black Point” tuff cone located on the NW
shore of Mono Lake, near Lee Vining, California (38°02' latitude, 119°06' longitude)
was performed in this study. Black Point is a® Surtseyan”-style tuff cone that erupted
approximately 13,300 years ago beneath glacid Lake Russdl. The goa from the gravity
study was to test mode s for the subsurface geometry. Specificdly, to determine the
digtribution of consolidated versus unconsolidated tephra observed near the summit of
Black Point. These models were developed based on observations of the consolidation of
extruded tephra by a process cdled “paagonitization” following the eruption of the
Surtsey tuff cone in Icdand in 1963. Measurements using a \Worden gravimeter were
captured over athree-day span, covering 185 individual stations. Stations were spaced at
5-20 meter intervals across the principa area of the main vent. Two perpendicular arrays
were followed, striking gpproximately NS6E and N34W respectively. Both arrays
transect suspected main vent area for Black Point. Rock samples were obtained and
andyzed for their dengties, which were then used to generate “ best-fit” modds matching
the observed gravity using the “Grav-2D” program. The observations (in mgals) collected
using the Worden gravimeter have been corrected for elevation above the geoid, loca
topography, loca mass and dengity of rock, drift of Earth, and terrain, to provide an
anomaly without background noise. Two sSmple modes were generated to demonstrate
the idedlized two-dimensiond subsurface of Black Point in proximity to the suspected
main vent. These modesimply that pal agonitization occurs to Sgnificant depths, and,
occurs on ether side of the suspected main vent a Black Point. Both models assume that
surface dendties can be extrapolated to a depth of at least 300 meters. Further southeast
of the vent, the tuff coneis underlain by a deep-rooted, high-density (~3.0 g/em®) body
suggesting a mafic dike swvarm or feeder dike system. The correlation of the consolidated
tephra donggde the vent implies that palagonitization may have occurred in direct
response to locdized hydrotherma activity near the vent. The moddls arein direct
contrast to work by others who suggest that this phenomenon will only occur after dl

heet islost viathe interaction of rainwater percolation. Clearly, by the gravity models

congtructed, thisis not so.



I ntroduction

The Long Vdley Cdderaformed in the early Pleistocene, beginning with tuff, domes,

and flows, gpproximately 2.2-0.8 Ma. In the Long Valey system, rhyolite followed the
tuff with alake sediment covering. The Mono-Inyo system of post-caldera rhyodacite and
rhyolite extendsjust N of the Long Valey sysem. The Mono volcanic vents or volcanic
craterstrend N to Sfrom the Long Valey caderato N of Mono Lake. Currently, in
Mono County, thereis il active tectonism, which accounts for loca volcanic vents. At
the NW sde of Mono Lake is Black Point (Fig.1). Black Point is a Surtseyan-gyle tuff
cone or vent. It is defined as a tuff cone following the work by Wohletz and Sheridan
(1983). The Black Point tuff cone was formed by a phreatomagmatic eruption
approximately 13,610 years old (Benson et a 1998) and centered near 38°02' latitude,
119°06' longitude. Thereis evidence indicating that there are at least two volcanic vents,
with the N vent gppearing to have erupted after the S vent. Evidence stems from: (1) the
relative szes of the two vents (with the N vent being much smdler than the S vent), (2)
grike and dip measurements, and (3) the eevation of the vents (hypothesized with an
eroson factor taken into consderation). The eruption of Black Point occurred benegath
glacid Lake Russl during the Tioga Glaciation period and produced basdtic tephra
particlesincorporated into high-energy wet surge clouds as water interacted with the melt
during eruption. At thistime, Mono Lake was roughly five timeslarger than it is today
and ten times its current depth at around 2100 meters (Lgoie 1968). Since the eruption
occurred underwater (or under a glacier), the top of the tuff cone formed essentidly flat,
with little to no peak and has been subsequently eroded off. Continuation of extruding
materid extended the cone, and the eruption ceased. After the eruption, a cooling period
began, where tephra began to consolidate and fissures were then developed within
consolidated materid. These fissures may have formed as astressrdief of its building

out process, or more likely, from locdized faulting. These fissures most likely had high
pressure (due to water depth), and superheated steam that vented through unconsolidated
tephrato cause dteration. Thisis, of course, the modern school of thought, but little

evidence exigs.



Temperature need not be superheated to form these dterations, but we could expect high
temperatures as the tuff cone was in a cooling off process, and was not cold. With a cold
outer crust formed, the inside temperature would easily rise due to the insulation the outer
crust would provide. This dteration changed unconsolidated tephrainto a consolidated
materid within avery short time, perhaps 5-10 years (based on the observations of the
Surtsey volcano, Iceland). During the consolidation of the tephra, palagonitization of the
rock also was occurring. This process dters basdltic hya oclastite to a paagonite. A
paagonite is avolcanic rock conssting of hydrated and chemicaly dtered basdtic
hyalocladtite. This process can occur at any temperature, but must be in the presence of
seawater or asisthe case for Black Point, meteoric water. After the tephra had become
pal agonitized, then carbonate rich water, leached from the local groundwater, intruded
these fissures and began to form tufa veins and mounds. The tufa formed as a thin coating
around palagonitized clasts, proving that paagonitization must have occurred prior to
lake leve rise and tufa deposition. Tufa formations are mainly tower structures but there
are do horizontd lying formationsin smaler abundance. The long flat tufa veins may
have been in a horizonta fissure that had little flow but high carbonate concentration.
Along with the formation of the tufas, Mono Lake began to rapidly rise to a highstand of
2155 meters (Benson et d 1998) within a couple hundred years of the Black Point
eruption. Thisrgpid risein water level aided in the fast growth of the tufas (tufas only
form underweter) by circulating carbonate rich water from aloca network of
underground sources. Tufas can be seen on the peak of Black Point today, which
indicates that the summit of Black Point was indeed underwater. Black Point may have
aso been much higher than its present height. Shortly after the massive formations of

tufa, Mono Lake began to fal very rapidly. Within 500 years the eruption of Black Point
occurred, Mono Lake rose to a 2155-meter highstand, tufa veins and mounds abundantly
formed, and then Mono Lake plummeted gpproximately 65 meters. As the water level
quickly dropped, large mass wasting and erosion occurred. In the last 13,000 odd years,
Black Point has been severely eroded by glacid retreat and water evaporation forming
the wave cut terraces to the NNW and its present topography. Sediment transport from
caving glaciers wasimmense and helped to create the broad beach landscape. Today,
unconsolidated tephra deposits, aeolian sand deposits, granite clasts, vol canic bombs,



carbonates, consolidated clasts of 1apilli stone and tuff, and lake terraces are the flanking
landscape near the summit of Black Point. Palagonitized tuffs are exposed only on or

near the summit a Black Point. The purpose of this study was to use gravity observations
to investigate the dengty of material benegth Black Point summit. Interpreting the
subsurface geometry via gravity observations and smplistic modes will help better
identify the congtraints in predicting when the pal agonitization occurred and to what
extent at Black Point Tuff Cone. This research project was undertook to test the
hypothesis that paagonitization occurs at depth, specificaly whether a paagonitized
“root” exits a Black Point.

Theory

Gravity

Gravity (known asjust “g"), is the acceleration experienced by an object under the
influence of the Earth’s mass according the Sir Isaac Newton's law of gravitetion.
Newton concluded that not only does the Earth attract the Moon, but it also attracts an
gpplein much the sameway. Every body in the universe attracts every other body. This
phenomenon of bodies moving towards other bodiesis cdled gravitation (Haliday 1997).
Newton’s law of gravitation is actualy aforce law that is described by:

F=GMm
r2

where, the universa gravitationd constant is G = 6.67 x 10! N*m?/kg? , M = mass#1,
m = mass#2, r = separation between the masses from center to center. Thisistheided
case with Earth viewed as a non-rotating uniform sphere of mass M. If aparticleis

released under these conditionsit will fal according to Newton' s force law with an

acceleration called gravitational acceleration (gy). Newton's force law:



F=GMm equals F=mgy
r2

which can be rearranged to read 8g = F/m. Thus,

8y =FHm=GM/ r* = gravitationd field strength =g

Now, since Mass = dendty * volumeor (M =r * V), then

g= Grr_flV
Since 1) the Earth is not uniform, 2) is not a sphere but a spheroid, and 3) isrotating,
gravitationa acceleration g will not be the same as free-fdl acceeration g. Gravitationd
forces obey the “principle of superposition”, which explainsthat the totd force F; on
particle 1 isthe sum of the forces exerted on it by surrounding particles. Shown as

n ¥

Fi=8Fy O Qua={ &r;} GaVv
i=2 r2

The sumisavector sum of the forces exerted on particle 1 from other particles labeled 2,
3, ..., n. The gravitationd force F, exerted on a particle by ared object isfound by
dividing up the massinto differentid units of dm with each dm units exerting a

differentia force dF on the particle. The vector sum (see above) becomes the integra

Fr= dF oo 9g=G r.adVv

r2

Only if the object is auniform sphere or shell can we use Newton's law of gravitation.

Since the Earth is not a perfect sphere or spheroid for that matter, a reference surface
must be established so that the observations made can be corrected to it. The oceans are
gpproximately an equipotentia surface and therefore become the reference surface cdled
the geoid (Fowler, 1994). All gravity observationsin this study will be corrected to the



geoid. An oblate spheroid most closaly represents the Earth’s geoid, and the international
reference gravity formula gives the value of g on this spheroid. Corrections to the
observations made using this formula will make alowance for this fact. The reference

gravity formulais caculated by the International Association of Geodesy about every ten
years and is represented as.

gl)=g.(1+a sl +bsn*l)  where

| =latitude of Stelocation, or “colatitude’; a and b are constants. The values below
were used for this study.

a =5.278895 X 10° b =2.3462 X 10° ge =9.7803185 ms?

All gravity observationsin this and any study are expressed as deviations of this formula

*Note: The GRACE satdllite misson in 2001 will map the Earth' s gravity field with a
resolution of afew hundred kilometers which will define a more accurate geoid surface
(Swenson and others, 2000) for future studies.



M ethods

Gravimeter

Measuring the relative gravitationd field strength can be easily done with the use of a
gravimeter. The Worden gravimeter (there are many) used for this sudy was the Master
Worden Gravimeter No. 1313 Modéd 111 (herein just called gravimeter) made by Texas
Instruments, owned by University of Cdifornia Davis Geology Department (Fig. 2 no. 3).
Inits most basic essence, it is atiny mass hanging from a machined quartz pring held
indde avacuum container.

It is a sendtive indrument, cgpable of detecting very minute changesin gravitationd
acceleration as the spring is stretched and/or recoiled. The field accuracy for this
gravimeter is approximately 0.1 mgals. Changes in spring length will provide an
observationd reading in units of divisons. Converson of divisonsto mgas (milli-gals)
iseadly done by multiplying number of divisonstimesthe did congtant for the

gravimeter (in this case, it was 0.0842). Milli-gds sems from the unit “gds’ whichisa
gravitational unit named after Galileo (1 gd = 102 ms? ). The gravitationa acceleration
of the Earth at the surface is gpproximately 980 mgals. The gravimeter needs calibration
(performed by Texas Instruments, Inc.) only when it has been dropped or severely jarred.
Cdlibration for this gravimeter was checked and deemed satisfactory during this entire
project.

When using the gravimeter some generd guiddines are to be followed before any
reading is observed and recorded.

1) The gravimeter must be cooled (or warmed) to its loca environment for
goproximately one hour outsde of its white protective case. Thiswill ensure that
the temperature indde the vacuum is the same as the outside environment, thus

ensuring an accurate reading.



2) New “AA” batteries were ingtalled every day. The batteries insert under a
smadl cover plate on the top of the gravimeter. They are needed to illuminate the
“background” scale againgt the observed reading beam of light.

3) The gravimeter will dways rest on the Aluminum base plate and leveled before

each observation, or for calibration of coarse adjustment.

4) A “coase’ adjusgment must be made for the locd gravitationd fidd or dl
reedings will be “off-scd€’. This coarse adjustment is performed by removing a
amdl, plagtic cover piece on top of the gravimeter and inserting the provided
screwdriver. Set the “fing’ adjusment dia to 1000 divisons and turn the power
“on”. While looking through eyepiece, dowly turn the screw o0 tha the beam of
light centers in the crosshairs, pardle to long lines. If the beam does not seem
pardld, perhaps the eyepiece may need to be shifted dightly. Rotate the eyepiece
S0 that the beam and long linesline up pardld.

5) The gravimeter must remain upright at al times. Cdibration may belogt if itis
tilted, or laid on its Sde for any length of time.

Fidd mapping

Black Point Tuff Cone extends approximately 2000 meters square (Fig. 2 no.1). Detailed
field mapping was done over three different vigts (3-4 days each) covering the entire area
with emphasis on any outcrops observed. Over 50 strike and dip measurements were
obtained by use of Brunton compass within the consolidated tephras confirming only that
Black Point has very shdlow dipping beds of less than ten degrees. Rock samples were
collected at fifteen consolidated tephralocations to insure a generdized densty for each



unit. Four Pleistocene units were identified as tu (tephra, unconsolidated), Itu (lake
terrace deposits, consolidated), tcg (tephra, consolidated, grey color, palagonitized), and
tco (tephra, consolidated, orange color, palagonitized). The vast mgority of outcrops are
tco. The concentration of tco above 6800 feet eevation correates with findings of Lgoie
(1968), but there are many smaller outcrops of tco and tcg to elevations just below 6600
feet contradicting his reasoning of no paagonitized tephra below 6800 feet eevation.
Two Holocene units were identified as Qal (aluvium, undifferentiated), and Itc (Iake
terrace deposits, consolidated). Smal outcrops of Itc are found along the southern
perimeter of Black Point increasing in size to the W. The Qd covers the vast mgority of
Black Point as expected due to erosion and aeolian deposition of nearby sediments. The
“open pit ming” areaiisthe only exposed area of unconsolidated material as seenin
Figure 2 no. 6. This materid is very black in color and is mined for local roadway use
during winter months. Presence of tufa was found within the consolidated tephras, but no
vertical tower structures are present on Black Point. The Itu unit coversthe entire Sside
of Black Point from Mono Lake and extends to an gpproximate elevation of 6660 fedt,
continuing to wrap around Black Point to the NE. Many different types of grasses,
shrubs, and plants litter the dluvid deposits dong Black Point asillustrate in Fig. 2 no. 3
& 5.



Data Collection

Where
As shown in Figure 2 no.1, the arrays were cast perpendicular across the suspected main

vent area. The modeling will work best if arrays are perpendicular to strike, but in this
survey, the object to mode was a round structure with rotating strike orientations, so
perpendicul arity was difficult to gpproximate. Array A-A’ extends to 1600 meters and
aray B-B’ extendsto just over 500 meters. The upper base station is at the intersection of

these two arrays.

When
The observations were obtained from November 2, 2000 through November 5, 2000.

Readings began at approximately sunrise and ended at sunset daily during this period.
Additiona field mapping and sample collection took place March 15, 2001 through
March 20, 2001.

Why
These observations provided the necessary data to mode the volcano.

What
One hundred eighty five gravity observations were gathered aong both arrays (combined

observations).

How

The observations are gathered by a series of steps (repeatable for every observation). The
assumption hereisthat acclimation of the gravimeter has dready taken place. The
gravimeter carrying case is opened and base plate is removed and put on ground where
the reading is to be taken. Proper seeting and leveling of the base plate must occur firdt,

or the reading will be tainted. The base plate is leveled using a portable center bubble
level. Oncethisis achieved, the gravimeter is placed on it and leveled by adjusting the
three swive legs on its bottom side. Two indicator bubble levels are on the top of the
gravimeter and obvious. After leveling, the gravimeter isready. Turn the power “on”,

look down the eyepiece, and obtain the reading. The reading is taken by lining up the
bright yellow beam in the center of the eyepiece cross hairs by rotating the divison did



on the top of the gravimeter. Aslong asthe “coarse’ adjustment was made prior to sart,
it should take just afew turnsto line up the yellow line. The observation “reading” isin
1000ths, 100ths, 10ths, and single divisions. When the observation is recorded, the loca
time must be recorded, and the position must be plotted on atopographical map (of ussful
scae). Thisisfor corrections to the data before modeling. Local geology and structures
surrounding the observation must dso be noted, for they will factor into the corrections
of the dataaso. Sampling of surface rock was done a thistime.

The rocks were later andyzed for dengity by the “Liquid Saran” method (Schiffman and
Mayfield, 1998). These gravity readings were obtained by following the two arrays (by
use of a Brunton compass) and using a 200- meter measuring tape. | strung out the tape
aong the arrays and paced off 5-meter intervas to acquire the observations (Fig. 5). In
places where the gravity observations changed little, the gap was widened to 20 and 40-
meter intervals. No adverse affects in the modeling occurred by increasing the distance.
The 5-meter interva was done for accuracy of the modeling. Base station readings were
taken before sarting each day, every hour during the survey, and at the end of the day.

*Note: Actud dataislisted in Appendix | — transcribed from field notes.

Results

Results stem from corrections to measurements that must be done in order to diminate dl
background interference to isolate the anomay we seek. Results are in the form of the
“Complete Bouguer Anomaly” after al corrections have been summed to the observation
point. The corrections made to this data are described below.

*Note: The actud numerica results are found in Appendix |1

The firgt correction is the Reference Gravity Formula, which accounts for Earth not being
a perfect sphere and rotating, and which expresses gravity as afunction of latitude. The
|atitude used for this survey was| = 38°02".



The next correction made is the “Free-Air” correction. This correction is used to
compensate for the height (in meters) above (or below) sealeve (the supposed geoid)
where the observation was taken. The correction assumes no materid is between the
observation point and sealeve, just air. The Free-Air correction can aso be corrected to
the base gation instead of sealeve, asit isardative measurement only. In this study, the
Free-Air correction was corrected at the upper base station.

The next correction accounts for the gravitationa attraction of the rock materia between
the geoid and the observation point. It is cadled the “Bouguer Correction”. Therock is
assumed as an infinite horizontal dab of rock, asthick asthe devation difference

between the observation point and the geoid.

Next, isthe “ Terrain correction” which accounts for attraction of topographica features
near the observation point. Thisis obtained by placing a“bulls-eye’ template over each
observation point on the topographicad map and caculating the eevation difference for
each box on the template. The differences are summed, and then correlated to mga
vauesliged inthe B, C, D, E, and F terrain correction reference register. For this survey,
corrections were grouped together because of the proximity of observation points relative
to other each other. As an example, observation points a— d were corrected to the same
vaue. Theterrain corrections can be found in Appendix I11.

Thelast correction can be made a any time. It isthe “Drift” or “Tidd” correction. This
will diminate any tidal or moon influence from the observation Sations throughout the
day. Thefirg reading of the day is the base station reading. Then, observations were
taken at the base gtation throughout the day, every hour, to limit the percent error in this
correction. Base station observations (g in mgals) were plotted againg time (minuets),
and alinear relationship between base stations was established. Every correction vaueis
obtained by ca culating the difference between the observation point and the first base
gtation reading of the day on the graphs. Correlation between the upper and lower base
dtations was established by obtaining an observation vaue at the lower base gation first
thing everyday and lastly every night. Drift corrections can be found in Appendix IV.

All these corrections add up to one result for each station point taken. These results were
used asthe input data for the Grav 2-D program. A detailed explanation of the program is



located in Appendix V. A few data points were deleted during the modeling of the data
due to extraneous vaues. Gross removd of datawill significantly ater the data.
Discussion

Black Point is but asmal feature in the Mono Basin. To learn why Mono Basin is present
today, we must look in the past. After the subsidence of the Antler and Sonoma
orogenies, Californiawas built. Pangea began to break up and North America (aswe
know it today) began to over-ride the Fardlon Pate. This brought about volcanism and
the Serran Arc viathe Nevadan and Sierran orogenies. Continued rifting away from
Europe reduced the angle of subduction and volcanism began to dow. When the Fardlon
Plate was amost completely under North America (sometime during the Oligocene
epoch), it caused the Pacific Plate to encounter the North American Plate. When this
occurred, a quadruple junction formed quickly changing into two triple junctions with the
transform fault left in-between (Twiss and Moores, 1995). The San Andreas transform
fault began, and this created a space in the middle of the remaining Faralon Plate where
the crust was no longer thickened by a down going dab. This scenario caused the mantle
to become closer to the continental crust than ever before and began to hest it up. The
heet caused stretching and thinning of the North American Plate dong the Pecific Plate
boundary and has produced the Basin and Range Province. This province extends to the
eastern side of the Sierran Arc, where an escarpment occurs. This escarpment was created
by the uplift of the Sierras and the down-drop of the basin to the East. Mono Basin
formed, and is part of the Basin and Range Formation that extendsinto Cdifornia Within
Mono Basin, recent volcanism has taken place forming Black Point and surrounding
Mono Craters. During the Tioga Glaciation, between 11 — 21 thousand years ago, Black
Point erupted under glacia Lake Russdll. Retreet of the glacier, and subsequent erosion
leaves Black Point where it is today.

Two "best-fit" models were created usng the Grav 2-D program (Fig. 3 & 4). By
inputting the corrected gravity observations along a horizonta profile distance, and using
dengties of materids collected at observation Stes, two models were generated. Dengty
caculaions can be found in Appendix V1. These models pproximate the subsurface
geology at Black Point. Congraining the mode to a “best-fit” was accomplished by 1)



keeping the data collection error to aminimum, 2) performing density measurements
cautioudy yet accuratdly, 3) corrections to calculations were error free, and 4) the models
fit geologic condraints. The models correlate well, in that, dendties of polygons, and
placement of polygons maich the given profiles and the intersection point between the
two. An approximate depth of 300 — 500 meters for the base of these rocks was reasoned
by using the bottom lake level of Mono Lake. Creating these polygons into their shapes
achieved the best possible “fit” of the anomay curve with the gravity profile curve.

Spikes and sharp edges of the gravity anomay cannot be closdy matched dueto the
relatively smdl scae of this survey. The suspected main vent area only has

approximately one-forth if its original cone present due to massive erosion over the last
13,000 years. On the array A-A’, beginning from “A”, the modds show low-density
(~1.43 g/cm®) materia that extends to the east until it reaches the paagonitized tephra
(2.34 g/en?’). Densties dragticaly change at this point and range from 2.34 g/en?® to 2.55
g/lom?. Padt this area continuing east, the density reverts to low density materia of about
1.2 g/lcm?. A generd trend of E-W dipping beds can be inferred from the models. Thisis
the area of the sugpected main vent. How can this be? Perhgps the vent has been filled in
with 13,000 years of sediment and eroded products (?). Since it erupted underwater, it
may have trapped water within it as Lake Russdll rapidly receded. Aeolian deposits,
dump structures, and eroson of the cone itsef may have filled the vent. Further east on
the A-A’ profile, densty measurements climb to 3.0 g/oam®. Thisis very dense materid

for this area and requires regiond thinking to explain its presence. This dendty isvery
suggestive of a basdtic magma. Where did it come from? The Sierran Batholith (made up
of mostly granite; density ~2.7g/cn®) lies to the west of Black Point. Mono Craters are of
agranitic composition and are just south of Mono Lake, whilst Black Point isa

pa agonitized basdltic tephrawith no indications of it being granitic in nature at dl. With

al this granite, where did basdt come from? The answer liesin past and present regiond
volcanism. The Cowtrack Mountains to the east of Mono Lake are mostly basalt in
composition and erupted about 3 million years ago (Tierney, 1997). This provided a
network of fissures and feeder dikes to the area. Perhgps the high-density material seen at
depth in the profile is the lower or outer remnants of the Cowtrack Mountain formation
(?). Black Point is perhaps a recharge event into asmaler fissure network that bypassed



the Mono Craters magma chamber and the Long Valey magma chamber. Long Valey
cadera has had notable geologic unrest since the eruption of Mt. St. Helens, with six
earthquakes of magnitude 6 or higher. The resurgent dome has also had cumulative uplift
of nearly 0.6 metersin the center of the cadera (Thatcher, 1997). Thatcher aso suggests
that there is magmatic activity just southwest of the caldera, which, on aregiona scae, is
very closeto Black Point.

R.A. Bailey (1981) suggeststhat Black Point and other Mono Lake complexes are a
continuation of the Long Vdley complexes that have not finished evolving through the
“Long Valey 5 stages of evolution”. The stages entail (1) the eruption of basdt followed
by (2) a pre-cdderaring-fracture extruson, (3) ash-flow eruption and cadera collapse,
(4) magmatic resurgence, and (5) find extruson of intracalderarhyolite and quartz latite.
Thiswould mean that Black Point isonly in stage 1 of this evolution, except Black Point
istoo young.

It seems reasonable to assume that a vent or fissure could extend directly from a basdtic
magma chamber deep in the mantle, up into awesk faulted zone (horst?) beneath existing
Black Point. Black Point liesaong asmilar path asthat of Mono Craters and Stretching
further south to Obsidian dome and into the Long Vdley Cadera Isthere some deep
underlying fault covering this entire region? Is this fault responsible for al the recent
volcanic activity? Under the resurgent dome of the Long Vdley cddera ahorst structure
has been identified trending NW to SE (Hermance and others, 1988). This buried
resistive ridge could possibly continue the necessary 40 kilometers to reach Black Point,
and may have contributed to its eruption.

The B-B’ aray has smilar implicationsto A-A’ array. Thereisashalow N to Sdipin
the polygon models, which may indicate that it outlines a possible cone shaped polygon
in 3-D when corrdlated with the A-A’ array. Thisdip is somewhat arbitrary inthet it is
interpreted from the data. This, dong with strike orientations, provides convincing
evidence that thisis a vent structure. Mapping the area suggests that this was the vent
respongble for mog, if not al, of the Black Point tephra deposits, hence, isthe main vent
area. Beginning on the north side of the array, density is~1.2 g/cm? until it aboruptly
changes to ~2.55 g/cm?® where the palagonitized tephralies. This location accuratey
meets the intersection of both arrays. Moving to the south end of this array, the same



high-dengty materid isfound asinthe array A-A’. Surficid mapping indicates nothing
but low dengty, unconsolidated deposits of mixed composition and nature for this area.
In the matter of the palagonitized materid surrounding the vert, it isinferred from the
modes and sampling, that this vent must have been basdltic in nature, and was most
likely very hat. The heat source from this upwelling magmaaong with the water beneath
Lake Russl| dtered the extrusive tephra to a paagonite within areatively short time
(based on smilar findings of the Surtsey volcano, Iceland). Three digtinct palagonite
types make up Black Point, varying in clast Sze and vesde sze. Zedlitesinfill the
mgority of vescdesin dl types, indicating low-grade metamorphism may have occurred.
The mogt highly paagonitized materia (tco unit in Fig.2 no.1 & no. 3) was shown to be
surrounding the ring of the vent, not on the inside of the vent (Briggs, 1998). The dark
grey padagonite (tcg unit in Fig.2 no.1) is found on the outskirts of the tuff cone. These
facts suggest that paagonite changes composition from vent to outer aress. Taking these
factsinto congderation, suggests (1) paagonitization is lower insde the vent areg; this
may be due to a vastly higher water content throughout the ateration process, hence
lower temperatures, (2) palagonitization is highest on the outer flanks of the vent; where
temperature was increased as water was trapped and could no longer fredly flow within
the surge deposits, and (3) the composition of the palagonite changes as distance
increases from the vent; euhedrd plagioclase and olivine phenocrydsincreasein Sze an

modal percent as distance isincreased from the vent area indicating this change.

Comparisonsfor Palagonitization

Palagonitized Cap ?

The models made in this study arein direct conflict with the findings of Lgjoie (1963).
Lgoie reasoned that paagonitization will occur via groundwater percolation and
wegthering only after the heat source has been lost. Clearly, this cannot be so. The
models indicate that palagonite occurs to some considerable depth (300-500 meters)
where percolation of gravity fed rainwater could not penetrate, nor was weeathering a

factor. In addition, tco units are found close to 6500 feet elevation whereas Lgoie infers



that the palagonite zone exists only above 6800 feet. | propose that weethering was not a
factor in the palagonitization that occurred at Black Point.

IsBlack Point just a Pseudocrater ?

The possibility of the Black Point structure being a pseudocrater, or littoral cone has been
eliminated due to severd facts. The modds of Black Point infer that this structure has a
root. Pseudocraters are small rootless vol canic congtructs (Gredey and Fagents, 2000)
that erupt when lavainteracts with groundwater.

IsBlack Point a Replica of Surtsey Island, Iceland ?

What can be inferred from the formation of Surtsey Idand, Icdand?

Summation of Surtsey results by Jakobsson (1978):

1) Itissuggested that palagonitization occurs at temperatures ranging from ~ 45-100°C,
with abundant water vapor with apH of 7.7-8.2, and a pressure of 1 atm.

2) The heat source for these dterationsislava craters and their feeders.

3) The process of pdagonitization isisovolumetric.

4) Pdagonite obtainsadigtinct color a 10-15 microns.

5) The greater the porogty, the greater the seamflux. The greater the eamflux, the
more extensve paagonitization is.

6) Under submarine conditions, palagonitization proceeds evenly.

Summation of Surtsey gravity modd studies by Porsteinsson and Gudmundsson, (1999):

1) Anomalous bodies are not present under Surtsey, indicating no pillow lavas present
beneath Surtsey 1dand.

2) Dengty variations within the tephra must be considered for an accurate gravity

urvey.

Together, these studies depict the guiddines for the orogeny of the Surtsey volcano. Is
this comparable to the orogeny of Black Point?



(1) Weknow that both erupted in an underwater setting. Surtsey and Black Point dso
have (at least) two eruptive centers. After the main eruptive Ste chokesitsdf off,
another branch opens and surges continue until the magma chamber empties. The
second eruptive Site (near Surtsey), known as little Surtsey, was quickly eroded by
wave action shortly after eruption. Black Point has two apparent vents, with the
second one NNE of the main vent. Since there was no wave action of oceanic
proportions, the second vent a Black Point remains as aremnant structure. It is
possible that this vent was the main eruptive center, but not likely as evidenced by
field mapping.

(2) Formation of zeolites at Black Point within vesiclesindicates alow pressure, low
temperature regime consstent with Surtsey and everywhere else paagonite is formed.

(3) The pH of the water during the eruption of Black Point must have been greater than
7.0, but certainly less than 8.0Pure water hasapH = 7.0 (Zumdahl, 1993). Lake
Russdll was not brackish et the time of eruption, presuming that fresh water predated
Mono Lake due to fossls examined in nearby basdt intermixed with stream and lake
sediments (Tierney 1997). This pH range is aso congstent with formation of
palagonite at Surtsey, which Jakobsson (1978) suggests a probable range of pH = 7.7
-8.2

(4) Thereisaconflict with Black Point being avolumetric paagonite. Because three
types of paagonite were characterized at Black Point by Briggs (1998), it is not
prudent to assume that the paagonite on Black Point evolved in the same manner, or
time frame, asa*“voluminous’ paagonite found at Surtsey.

Conclusions

This gravity sudy has succeeded in producing a geologicaly constrained moddl, which

depicts the subsurface structure of Black Point. It may not be clear as to where the

basement faulting occurs to feed the basaltic magma, but it is clear that Black Point is
underlain by ahigh-dengity body to the E SE. The models suggest that paagonitized tuffs

occur at depth, with the presence of water vapor and a heat source.



Acknowledgements

This study was supported wholly by the University of Cdifornia, Davis Presdents
Undergraduate Fund and the University of Cdifornia, Davis Geology Departmen. |
especidly thank Peter Schiffman, Ph.D. and IJm McClain, Ph.D. who were instrumenta

in helping me obtain the grant, perform the research, and mode the data. Specia thanks
go to Janice Fong — UCD Illugtrator, who, without her help, | would have never presented
aposter.



Referencesfor Black Point Thesis

Bailey, R.A., 1990. Magmatic Unrest at Long Valley Caldera, California. Geologic Association of Canada, val. 15
Vancouver

Bailey, R.A., 1981. Cenozoic Volcanism in Western United States — Long Valley-Mono basin geothermal area,
California. Geological Survey Research, Profession Paper 1275; U.S. Govt. Printing Office, Wash. D.C.

Bailey, R.A., 1989. Geologic map of the Long Valley Caldera, Mono-Inyo Cratersvolcanic chain, and vicinity, eastern
California: U.S. Geological Survey Miscellaneous Investigation Series Map [-1933, scale 1:62500.

Benson, L.V., Lund, S.P., Burdett, J.W. and others, 1998. Correlation of Late-Pleistocene |ake-lave oscillationsin
Mono Lake, California, with North Atlantic climatic events. Quaternary Research, vol. 49 p. 1-10

Briggs, Kiersten, 1998. Palagonitization of Basaltic Glass at Black Point Volcano, California. Senior Thesis for
University of California, Davis.

Fowler, C.M.R., 1990. The Solid Earth. Cambridge University Press: Cambridge

Greeley, Ronald, and Fagents, Sarah A., 2000. | celandic Pseudocraters as Analogs to Some Vol canic Cones on Mars.
Submitted to Journal of Geophysical Research — Planets, September 6, 2000.

Halliday, D., Resnick, R., and Walker, J., 1997. Fundamentals of Physics 5" Edition Volume 1. John Wiley & Sons,
Inc.: New York

Hermance, J.F., Neumann, G.A., and Slocum, W., 1988. The Regional subsurface structureof LongValey (Cdifornia)
calderafill from gravity and magnetotelluric data. Geol ogical Society of America Bulletin, v. 100, p. 1819-1823

Jakobsson, Sveinn Peter, 1978. Environmental factors controlling the palagonitization of the Surtsey tephra, 1cdand.
Bulletin of the Geoloical Society of Denmark, vol. 27

Lajoie, Kenneth Robert, 1963. Late Quaternary Stratigraphy and Geologic History of Mono Basin, Eastern California
Dissertation for the University of California, Berkely.

Moores, Eldridge and Twiss, Robert J., 1995. Tectonics. W.H. Freeman and Company: New Y ork

Porsteinsson, Prostur and Gudmundsson, Magnus T., 1999. Gravity model studies of the volcanic island Surtsey,
Iceland. Jokull, No. 47

Schiffman, Peter and Mayfield, Jason Dallas, 1998. Measuring the Density of Porous Volcanic Rocksin the Field
Using a Saran Coating. Journal of Geoscience Education, v. 46, p.460

Swenson, S., Wahr, J., Velicogna, 1., Milly, C., and Shmakin, A., 2000. Time-Variable Gravity and Hydrology.
Presented at Annual AGU meeting, Fall 2000 in San Francisco. Dept. of Physicsand Cooperativeinditutefor Ressach
in Environmental Sciences, CB 390, University of Colorado, Boulder

Thatcher, Wayne, and Massonnet, Didier, 1997. Crustal deformation at Long Valley Cal dera, eegern Cdifornia, 1992-
1996 inferred from satellite radar interferometry. Geophysical Research Letters, vol. 24, no.20, p. 2519-2522

Tierney, Tim 1997. Geology of the Mono Basin. Kutsavi Press: Lee Vining, California

Wohletz, Kenneth H. and Sheridan, Michael F., 1983. Hydrovolcanic Explosions ||, Evolution of Basaltic Tuff Rings
and Tuff Cones. American Journal of Science, Vol. 283, May, p 385-413

Zumdahl, Steven S., 1993. Chemistry. D.C. Heath and Company: Lexington, Massachusetts



