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ABSTRACT

Teels liarsh, kiineral County, lievada is a salt-
crusted discharge playa which has remained a closed
basin since probably Pleistocene time. Relatively few
rock types have contributed detritus to the basin and
mineral reactions going on within the saline water-
saturated lake clays are possibly important here.

A relatively sharp color boundary appears in the
sediments approximately twelve feet below the playa
surface. Chemical analyses for acid-goluble iron,
total iron, iroan as Ifree iron oxides, total sulfur,
and total carbon and x-ray analyses of zeolite nodules
and the silt and clay fractions of the sediments were
mads to determine the nature of this boundary and its
interpretation witih respect to sedimentation con-
ditions in the area. The environment at Teels ilarsn
is typical of that of wmany playa basins in the western
Basin and Range province; hence, conclusions derived from
this study may be significant in the interpretation of
other arcas as well.

No sudden change in total iron or acid-soluble
iron occurs across the color boundary, although
acid-soluble iron is generally lower in the desper
samples. Free iron oxides contain a constant propor-
tion of total iron regardless of the depth of the

sample. Both total suliur and total carbon increase
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sharply below the color boundary. The boundary is
believed to be an oxidation-reduction boundary
coinciding with a change from pluvial to subaerial
coaditions about 8500 years ago. The deeper black
samples contain unoxidized organic matter and, possibly,
authigenic Fed3.

The clay aineralogy was studied as & function
of depth and of grain size for the samples. Jont-—
morilionite and mixed-layer clays are concentrated at
depth and in the finer clay, reclative $o illite and
ciilorite. Ko kaolinite is present. Some of the clays
nay be authigenic and they may provide an iuportant
gource of acid-insoluble iron. Zeolites forzed
diagenetically from the alteration of volcanic ash

are phillipsite, clinoptilolite, and scurlcsiie.




L1 PRODUC TICH

The subsurface nineralogy and geochemistry of
a vertical sediment core from Tecls liarsh, lieveda have
been studied in terms of the mineralogy of silt and
cley fructions, organic carbon content, and the
chemistry and mineralogy of possible iron nminersls.
Tne depositional history of this isolated basin during
Fleistocene and Recent time is reflected in the
sediment core. Fost-depositional mineralogical and
chewical changes defined for this arez may be similar
to tiose occurring in other alkaline playas and,
nercfore, studies of these lake sediments should lead
t0 & better understanding of diagenesis in salinse
lake environments.

Teels llarsh, ievads is located in Liineral County
in southwestesrn lievada, about thirty miles southesat of
the town of Hawthorne (figure 1l). The playa surface
is elgnt square miles in total area. It is bounded to
the west and north by the Excelsior .louatains and by
a more irregular range of low nills to the south and
east. The elcevation of the basin is 4900 feet above
sea level, and the prescnt drainage besin is 340
square miles in area (Zverts, 1969).

The major bedrock types surrounding the eastern

portion of Teels liarsh are (uaternary-Terticry mafic
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volcanic rocks, Tertiary intermediate volcanic rocks,
and Jurassic Dunlap Formation sediments. Other
contributors to the alluvium filling the basin are
Cretaceous age granitic rocks; the Triassic Excelsior
Formation, composed of intermediate td Telsic volcanic
rocks; and Tertiary felsic volcunic rocks. The

playa surface is at least in part covered by a salt
crust, and clay makes up a large part of the Quaternary
deposits of the playa. Uranium, tungsten, and sulfide
mineralization nas veen found to the west and nortn

of T'eels Liarsh (Ross, 1961). In severzl locations in
the playa a tuff layer is lcocated only a few feet

- below the surface, proving that ash waos deposited in the
basin not long ago. Some zeolites have been produced
within the mud by alterstion of this volcanic ash

(say, 1S66).

Hydrologically, Teelg Warsh is classified as a
discharge playa, with interior dreinage of both
groundwater and surface runoff (Neal, 1965). Teels
llarsh is a particularly good area in which to study
mineral chemistry because it probably remained closed
since at least the late Tertiary. Ross (1961)
quotes Axelrod: "'The late Tertiary continental
basing in this area (western Basin and Range province)
were relatively local in extent... Bach basin appears

to record a different history, not only in terms of the




rock represented, but also in & structural sense.'™
During the Pleistocene, while glacial Lake Lahontan
coversd part of northern Mineral County, an isolated
lake also occupied the Teels ilarsh baesin. Shorelines
and beach deposits surrounding the present playa
surface attest that the lake was filled with water to
a level approximately 150 feet higher than the present
playa surface (L.A. Stephnenson, oral communication).
Teels ilarsh most likely remained isolated during post-—
Pleistocene times as well; the Zxcelsior llountains to
the north were a protective barrier to drainage from
Lake Lahontan, and the topographic level of Lake
Lahontan was always considerably below that of Tecls
rarsi. Thus Teels llarsh has been subject to influences
of only a relatively small arec and few rock types.

Because Tecls llarsh is a discharge playa, an
evaporite mineral crust is present over much of the
pleya area much of the year. Some evaporite minerals
were dresent in sufficient quantity to be economically
mined. Halite wzs produced from Teels llarsh ssveral
times since the 1860's. Borax was mined there from
1872 to 1892 (Ross, 1961).

The collection of the core samples for this
study was done by lir. Craig Lverts during the summer
of 1967. The results of the project are found in

Bverts (1969). The cores were drilled by either
¥

(O3




truck-nounted driliing auger or by hand suser.
Samples from tihe core were collected snd sealed in
polyetnylene bags and cardboard pint-gized cuartons.
soon after shipment the samplpo were frozen and
stored frozen until used for analysis. These pre-
cautions were taken to minimize moisture loss From
the samples and to prevent oxidation or alteration
of primary phases present in the mud. Once analysis
was begun, the samplesg were kept refrigersted and
the polyethylene bags were opened only under g
nitrogen atuosphere.

Core Til=-5c¢c (Zverts, 1969) was selected for tuis
study because it is sampled in detail throughout
its thirty-eight foor depth. It is located out on
the playa surface (figure 2) and probably represents
a point which was always in the playa prcper as the
basin changed shape and extent with variations in
precipitation and evaporation. A log for core Ti~5c
is given in figure 3 (Zverts, 1969).

A significant color boundary of variable sharp-
ness occurs in this and the other cores from the

playa. The surface samples are red-brown, grading

into green clay and silt below that vary in color from
&

green to blulish-green to gray-green. sSeveral feed

below the guriace of the playa, the green sediuents

~

grade dowanward to black. There are two possibilities
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SEDIMENT SalPLiS AND SECTION
TEELS LwRSH, IHLRAL COULTY, HEVADA

Hole number:

Collection date:
Depth to water table:

Surface:

TM5e

6427/67

at surface on 8/26/67
brown silt and tan salt
crust, efflorescent crust
and salt puddles

SAlPLS TO.

DEPTH

TH5C=1=67——

TLCI50"2"67_'—
Til5¢c-3-6T7--

T=-5¢c—~4-6T~
Ti5¢c=5=6T7——
Tii5¢c=7 =67 =
T;JB 0—8— 67""'
Th56-9-67-=
Tii5¢-10-67

v'."'.1!'.5C'-:L:L—E)’?"

TLi5¢-12-6T~

TMSC—J.S—G-]—

t::\\;\\

BROWIl SILT abundant sand-

gized salt crystals

abundant salt

e

=

N

GRAY-GRIEN SILT
o

GrRAY SILTY-CLAY

crystals

Y

L1050 ok sTLY

4

GRAY SILTY-CLAY

i/

N

2

BLACK SILT
GRAY SILT

high Haslodor

AN

BLaCK SILT

~20

BLaCX SANDY-SILT

BLuCK SILTY-SAND strong HZS odor

~ 30

-
P

BLaCK S:NDY-SILT

s

(@

i
-

40
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as to the socurce of the color boundary. Jne
possibility is that the color change is & "fossil®
boundary representing a change in lake sedimentation
conditions; the other is that it is a chemical boundary,
pogsibly due to changing oxidation-reduction potential,
related to the present day hydrologic regime. Chemical
analyses for iron, sulfur, and carbon were made 1o

help determine which of these hypotheses is wore
rezsonable for Teels slarsh. 4 sharp change in free
iron oxides, or of acid-soluble iron with a con-
comitant change in sulfur content would indicate a
shift from oxidizing to reducing conditions, with the
possible appearance of acid-soluble iron sulfides.

A sudden increase of carbon in the mud across the color
bouhdary would suggest that wore orgenic matter is
being retained in the black mud, either as a result

of & reducing environment or due to conditions

inherited from the time of deposition.
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PREVIOUS WORK

Little previous work has bsen done specifically
on Teels liarsh, although other closed basins and
playas of the western United 3States have been studied
in a similar manner. The geologic mapping of the
area of Teels liarsh was done by Ferguson, Lkuller, and
Cathart (1954) and Ross (1961). Everts (1969) has
written a master's thesis at the University of
Wisconsin concerning the dissolved constituents in

near-surface water sumuvles and tie suriwce salts

from Teels ilersh. R.L. Hay (1964, 1966), Hay and lLoiola

(1963a,b), and Cook and Hay (1964) have studied the
authigénic zeolites forming from buried tuff beds
in Teels uarsh and similar environments. Their
results agree with those of the present study except
that they found anclcime in acdition to phillipsite,
searlesite, and clinoptilolite.

Similar lake basins in California have been
the subjects of much study by several investigators.
Jonss (1965b) investigated Deep Springs Lake, Inyo
County, California by studying water samples, the
mineralogy and zoning of evaporite minerals, the
clay mineralogy, and the influences of surrounding
bedrock. his lake is notable also for the high

content of carbonate minerals in the sediments,

12
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including what apparently is primasry dolomite.
Searles Lake has veen very important because

of the deposits of saline minerals found there Cne

of the first major attempts to study evaporites and

their source solutions was made by Gale (1915).

Smith and Pratt (1957) present detailed logs of

corss and aescriptions of evaporite mineral zsscmblages

similar to those found at Tecls larsih. IDugster

and Smith (1965) used an experimental approach +o

fincd that certain evaporite assembiages reflect

conditions during deposition and otners during dia-

genesise. The clay minerazlogy at Searles Lake and

(196l )7

who concluded that the clay minersls are not affected by

similor playa lake basins was studied by Droste

diagenesis.

The authigenic minerals cescribed by Smitn and
Haines (1964) include mention of the zeolites Found
at Teels liarsh. Sheppard and Gude (1968) found
zeolites, potassium feldspar, searlesite, and clays
formed diagenetically from tuffs deposited in = szline
lake basin similar to the Teels larsh environient.
Herdie (1968) described a zonal pattern of evaporite
inerals and identified some of the same evaporites
and zeolites as those at leels .arsh at 3aline
Vellecy, Inyo County, Cuzlifornia.

The presence of the color bow.dury at Teels Liarsh
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suggests the interesting possibility for the for-
mation of iron sulfides in situ in the black mud
below the possible oxication-reduction boundary.
iron sulfides in rocent years has been H.a. BSerner
(1964a,b,c, 1967, 1969). He has studied them from
theoretical and experimensial points of view, as

well as citing field instunces of their formation.




ANALYTICAL IwuCulhilyusd

The snalytical procedures used are wet chemical
anzlyses for acid-soluble iron, iron as free iron
oxides, total iron, total sulfur, and total carbon.
"Organic" iron and acid-insoluble iron are determined
by differences of the above values. X-ray diffruction
was usced to determine the mineralogy of the silt and
clay portions oi the samoles and of the nodules
found in & number of samples. Flotation was used in

an attemst to collect iron sulfides from the muda semcles.

Acid-soluble Iron

Acid—soluble iron includes any iron which can
be brougnt into solution by digestion in hot ucid.
Tals would include iron present as el (crystalline
or amorphous); Feq_.S (pyrrhotite); free iron oxides
(limonite, goethite, lepidocrocite, or hematite);
iron carbonates (iron-bearing calcite, siderite,
or iron-beuring doiomite); iron dissolved in the
interstitial water of the mud; clay-adsorbed iron; and
possibly iron involved structurally in extremely
fine particles of authigenic minerals, here czlled
"protosilicates." "Organic" iron, ilron organically
complexed, may also pe included in the acid-soluble

iron values.

15
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The analytical procedure (ariasgu, 1967) consists
of putting a hall a grom of dried, ground wud into an
erlemneyer flask with 25 ml. of 1lii hydrochloric acid.
ine mixture 1s digested on a hot plate under reflux
Tor one hour aznd filtered under suction through a
Tive micron "willisore' filter. The filtrate is weade
u» to volume and the iroxn content deteriziied by atonic
2bsorpition spectropactonetry, using a rerkin-clmer
moael 303.  The analytical absorbing line used for

iron is 2492 angstroLis.

Iron as Jrec Iron Oxides

Iron us frec iron oxides includss iron existing
the sample as Terric oxides suchh as limonite,
goethite, lepidocrocite, or hemuiite.

Ihe experimental tecihmique 1s tuat of Jackson
(1556) and lehra end Jackson (1960). The orgunic
matter is removed froi one gram of dried mud sample
with 30% hydrogen peroxide. The iron is then reduced
and complexed by z sodium dithionite-sodium citrats
gysvem buifered with sodiuwn bicarbonete. The iron
concentration is thea determined by atomic sbsorpiion

specsrophotouetry in the same wey as for acid-soluble
I Y N

iron.

Adjusted acild-soluble Iron

Adjusted acid-soluble iron is nere defined as
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acid-soluble iron wminus iron as fres ilron oxides
sad "orgunic" ircn. This value would include all

-

forms of acid-soluble iron excepnt thosc which‘r@present

frec iron oxides in the sediment or organically

complexed 1iron.

Total Iron

Total iron includes acid-gsoluble iron; pyrite
or marceasite, if present; mugnetite, and any iron
structurally involved in silicate wminerals.

Two snalytical procedures for determination of
total iron are utilized. Ihe method of Black (1965)
prescribes digestian of one gram of dried sample
in a nmixture of perchloric, nitric, and hydrofluoric
acids. The sample 1s thien evaporatea to dryness on
& sand bath, dissolved in sulfuric acid, and the iron
content determined. The method of sngino and Billinsgs
(1967) is anwulytically easier than that of Black.
Therefore, because the results of the two methods are
in close¢ agrecment with one another, the sccond
techinique is used for wost of the samples. Hydro-
fluoric acid is added to the sample and it is evaporated
to dryness on a hot piate three times, breaking down the
silicutes and relsasing silicon :s 3194. The residue

is disgsolvad in 9:1 hydrocinloric acid and filtered.




Ine black residue wanlch accs not pass througn tne filter
is supposedly organic in nature. The residue is
dissolved in 30% hydrogen peroxide and added to the
previous filtrate. This solution is mzde up to

volume and tie iron then determined by atomic ab-

sorotion specitrophotometry.

Acid-~insoluble Iron

Acid-insoluble iron includes iron in pyrite or
marcasite, magnetite, and silicate minerals. The
values for acid-insoluble iron are deterizined by
subtracting the exverimental values for acid-soluble

iron from those for toital iron.

"Organic" lron

Values for "organic" iron (iron organically
complexed) arc determined by differcnce. after the
removal of the organic matter and the iron as free
iron oxides fron the bulk sample, the residual sumyle
is run for totel iron. The difference between this
residual value plus the iron as free iron oxides value,
and the original total iron determination is taken
to be aue to "orgunic'" iron. inis iron may be in
tne coustituents of the mud or dissclved in the

interstitial water.

18




19

Total Sulfur

Total sulfur values include all sulfide and sulfate
minerels, us well ss sulfide, volysulfide, or sulfur
radical ioms in the interstitial weter. fThere mev olso
be hydrogen sulfide dissolved in the water. ALY
sulfur waich maey be involved in orgenic compounds
or any free sulfur present is included in the Hotal
sulfur values. Because no sulfate minerals Gpoear
in the x-ray datva und the sulfate content of the weter
sample from Tl-5c¢ is relavively low (300 ppm, Lverts,
1909), most of the sulfur probably represents sulfide
sulfur. However, the wat:or sample taxen by Zverts
is from near the suriace, where oxildizing conditions
would meke sulfute tne oredoninant Torm of sulfur in
the water. At depth, the conditions Probably change
t0 reducing, and an odor of Hgd was detected. Here,
reduced forms of sulfur arc expected to predominate.

sxperimental deterumination of total sulfur
involves ignition of the sampie to oxidize all the
forms of sulfﬁr to sulfate. The sulfate is pre-
cipitated as barium sulfate, BaSO4, and determined

turbimetrically (Llaedel and iieloche, 1957).

Total Carbon

Potal carbon includes all carbonates and =11

m

organic matter present in the samcles. The curbonate

"



content in the samples used in this study is low in
vroportion to all the other material present, so total
carbon values are used as & non-quantitative index
to the amount of organic matter in the samples.

Total carbon is analyzed by a Leco carbon analyzer.
“"his instrument combusts all of the carbonaceous
naterial in the presence of metallic catalysts and
excess oxygen to form carbon dioxide. The amount of
carbon in the carbon dioxide is deteriiined by com-
varison with the readings for standard samyples
containing known amounts of carbon (Blaedel and

iieloche, 1957).

X-ray Analyses

Z-ray diffraction is used to deteriine the
wineralogical composition of silts, zeolite nodules,
and clays. The clay and silt fractions are separated
by centrifugation.* The suspension containing the
clay is poured off of the collected silt. The silt
is wet-ground by hand under methanol and mounted on &
glags slide in methanol or ethyl acetute, or dricd
and packed into an aluminum sample holder. The silt-

sized material is scanned at one degree 20 per

*The silt fraction as used nere iancludes all

clay fraction cll materizl less tnan two microns in
diameter (Jacsson, 1956).

20




ninute, from 10 degrees to 60 desrees 28. Quartz is
present in all of the silt szmsles and is used as a

standard for the peak positions of other minerals.
Severul nodules from different locations (figure 2)
were also treated by x-ray analysis. The nodules
renze in size from half a centimeter to one und one-
half centimeters in diameter and are very close to
spherical in shape. fhey are very dry and hard and
are coated with a whitisa, somewhat powdery coating.
The same procedure for grinding, mounting, and x-
raying is followed for the nodules us for the silt.
The samples from which the nodules are taken are
Ti=-9-5, Tﬁ—10-3, and T-14-3. Sanple {li-Y-5 cones

from a depth of 13 feet, 1-10-3 from 13% feet, and

The bulk clay frection includes all perticles
less thun two microns in diameter. This bulk fraciion
wes also fractionated into coarse clay (2-0.2 microns
in diwzneter), medium clay (0.2-0.08 microns), znd fine
clay (less than .08 microns). According to the
procedure described in Jackson (1956), esch clay
sample is x-rayed untreated, saturated with ethylene
glycol, after heating for one hour at 30000., and after
neating for one hour at 550°C. fThe clay is saturated
with etnylene glycol by placing the slide in contact

witi ethylene glycol vapor for tweaty-four zaocurs.
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The slides are heated in a nuffls furnace for one hour
and then kept in a cessicastor until x-rayed. all

the clay slides are run from two degreses 20 to

thirty-two cegrees 20.

Some experimentation with mounting technigues
nelped Yo deteriine the most sulitable one for these
sanples. Porous porceluain plutes were found especially
unsstisfactory (Gibvbs, 1Y65). The technigue consists
of pouring a slurry of clay and water onto & porcelain
plate; the water rapidly sceps througl the plate and

Pl

leaves an oriented clay sample on the top surface of
the plate. LThis method has the advantage of very fasi
and ip“¢ulvelj uniform preparation but tihe plates

give x-ray peaks of thelir own which interfere with

some of the clay minersl peaks. The most succes.ful
method, and the one used in this study, is the "smear"
mount. A thin layer of clay is sumeared on a glass
slide with a spatula and allowed to dry (Gibbs, 1965).
This tecihmique eliminates error due to settling out

of u wuter suspension, but does give preferred
oricentation to the clay aineral grains. JThe peak
intensity obtuined with the smear mount is superior 1o
that for any otuer type of preparation tried during the

course o tils study.

diilneral #lotation

To investigate tne posslbility of ssparating
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sulfide minerals from the sudiment samples, =n
experimental flotation cell was consitructed similar
to that described by Sirois und Takamori (1964).
Hitrogen gas is bubbled tarougnr tne fritted zglass
botton of a Buchner funnel. The sumple is placed
into the funnel with a drop of commercial "Pine-Sol"
(used as a substitute for pine 0il); & drop or two

of ethylxanthic acid potassiws salt solution; and

[0

weter. The desired material should collect in the
froth at the top where it can be skimmed and collected.
tnis material is then washed and collected oy cen-—
trifugation. ﬁCwever, because of the very fine
varticle size, the method proved uansatisfactory

for differentiul separation of tne sulfides and cluy

winerals.

Uncertainties and Froblems of Yreatment

Uncertainty in the iron valuss arises from
instrumental and analytical errors and innomogeneity
of the sample. The samples are taken from depth
intervals and there is no guarantee thut a portion of
the sample taken for analysis is reoresentative of the
entire depth interval. 1This is probably the cause
for any major diflerences between duplicete wnelyses.
The data Jor the iron analyses are given in the

apvpendix, Yable A, with the percent error of +the difference




the aversge values. The average values are ziven in
table 1) in thes iron vs. depth plots, the center of

the depth interval assigned to the sample is used.

Lo checlt that soms of fthe iron as frec iron oxides did
not escave the acid treatment, rcagent 3.*‘8203 was run
tarougn the procedure and essenticlly all of the iron
was drawn into solution from it.

The sulfur values are worsc reliable, although
errors caused by analyticael tecaniques and inhomo-
zeneous semples still apply. an error of =25 Ppi.
can ve assigned to the total suliur values.

The carbon analyses also reguire dilution, and
the same errors hold as for iron and sulfur. The
vulues plotted against depin sre the average values.
‘he range of values 1is given in the uippendix, table .

The x-ray datae for tie clays can be coinsidered
only very sumi-quentitatively. OUne problem is that in

almost all of the samples only a very small proporition

3

of tie clay was less then 08 microas in diameter and
collection of suiricilent muterial of tnis size for
cnelysls was difficult.

A rodification of the method of Biscaye (1965)
for normulizing trestwent of cluy nalf-heisht ook
arcus wuas used to cevermine Tne rolative abundunce of

gach clay nineral of tine ‘eels iarsih samples. he

results as presented ia tals study nave only qualitative

24



siguificunce and the relative abundances are notv to

be interpreted quantitutively. Clay minersl “"per-
centuges" cannot be determined accurately by Biscaye's
method becuuse of tue presence of non-clay minersls

in the sumples.

As descrived above, preceutions were taken 1o
assure that the sauples remainea as closely as possible
in the condition in which they existed in tue playa
at the time of collection. Oxidation and drying of
the samples would represent alterations from their
original state. soxr core li-5c, the cenisers of the

samples are still moist and the deesper ones are black.
However, all samples have a rim of gruyish- or brownish-
colored mgt@rial about one to two millimeters tnici.

~

anaglyzed fractiouns were chosen so as to avoid these

-

altered portions.
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Chemical inalyses

The experimental values for the chemicel analyses

are tabulated in parts ver million (table 1) and in
molar percentages (tuble 2). fhe velues include the
Airect anslytical results and calculated values.
The deta are plotitea against depth in figures 4 shrough
f. These plots show the variation in content of sulfur,
carbon, and each form of iron across the color boundury,
wnich occurs betwesn 11l feet 6 inched and 12 feet.

Acld-soluble iron follows the saume general
downward trend as that of total iron. The two swaples
nearest the surface are reletively high, and the
values fluctuate irregularly below tuese. There does not
appear to be any sharp caange in the trend of valu
Geross the color boundury. The plot of iron ss frese
iron oxides also has the same general distribution
with Gepth, although the variations and absolut
velues are not neurly so great as for total iron or
acid-soluble iron. Samples 10, 11, and 13 are con-
siderably lower in acid-soluble iron thun the other
sanmples in the core, but are not apvreciably lower in
total iron content.

Total suliur, except for the two shallowest
samples, is distributed very much like total iron with

depth, exceont that total sulfur incresses markedly at

26
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tae color boundary.

Total carbon also shows a sudden incresse in

6]

semples tuaken below 11 feet & inches.

A-1r8y Anslyses

The results of the x-ray study of the silt
Ifractions are presante&vin tuble 4. the clay mineralozy
of the samplcs is given for the buls clay and Tor
eacii size range within the cluy-sized portion of the
samples (figures 8 and 9). ‘The relative abundance of
sach clay mineral and the presence of other minerals
have been noted.

Consistent with the working definition of Grim
(1953), 10 angstromx inexpansible clay is called
"illite," 14 angstrom inexpansible clay is called
“chlorite," and clay walch is expansible to 17
angstroug when saturated with ethylene glycol and
collanses to 10 angstroums on hoating is called
‘montiorillionisve." uore than one type of mixed-luyer
clay is present in these suuples. One variety is a
regular alternation of montmorilionitic and illitic
layers. another kind appears to be o rendom inter-—
strovification in various rutios of montuworiliov-itic
and veriziculitic clay. The mixed-luyer clays Zenerally
are edpansible to soume degree and do not collapse

.4 ) by o O 1 T N gy
fully watil nezted to 5507°C. These types are here




collectively called "amixed-layer cluy." & sketeh of
an examplce of "mixcd-leyer clay! frow Teels lizrsh is
givern 1n tane appendix, figure aA. Tunis terwinology is
t0 be considered as glving only general class names and
implies no singie chnemical conposition for eacn
species. The relative abu..duances of the cley ninerals
cresented in figures 8 and 9 are ceteriined from the
nalf-height peak areas. In alli cuses the intensities
gre sufficiently different to mexe quulitative
statements concerning the abundance of eacn clay
mineral unambiguous.

Tne nodules described previously were found by
i-ray diffrection to contain zeolitic muterial.
All the samples cousist of mixtures of calcite,

gquartz, phillipsite, and scarlesite.

28
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Movre 4. Zlots of wvarious forms of iron vo,

A= Totnl iron.
B= Acid-solublae iron.

C= TIron as Ifros iron oxidos.
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IRON, in ppm

10 IO',OOO 20,000 30,000

DEPTH, in feet
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fisure 5, Various forms of iron exwrassced as
total iron vs. donth,.

Arca CO= Iron as Lroo iron oxidos +

Ara 2= "Adjustz2d" acid-solubla iron.

= Iron sulfides eiecent Pe5,, iron

- -

carbonates, adsorbed iron,
iron in interstitial watzr, and
nrotogsilicabte iron,

Arsa T= Acid-insoluble iron.

= lasnatite, Tel,, and silicate
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Pisure 6, Total suliur concentration vs. denth.
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Tisure 7.

Total caorbon

conecantration vi.

Lo

anth,




DEPTH, in feet

TOTAL CARBON, in ppm

0 10,000 20,000 30,000
0 ¥ | T
51 -
2
3
104 -
5N\ 6 Color Boundory-\’
L - e S -— =V~
15 4 9 4
10
H
20- n
25+ N
12
30 1 y
35 - 4
13

35



O
u
i
@]
R

3 > . il e ren o~
slzod Traction of samplao:s

= major conctitucnt.
n= oregent, but minor.

= gquestionably o»resent.




SALFLA - LOow SEsRLE- PHILLIP- GAYLUS=-
NULBsR QUARTZ ALBITE CALCITE SITL S1IE

T T
Dl Ly

Jist Jiil P
’I‘l&"‘ 5 Cw 3 1!1 Iul

P - D

Tli=5c=4 Juit P - it -
Til=5c=H L P P - © ?

TLi=5c=0 joi

1o
©
E
|

Thi-50-8 1 - i - D -
Tim50=9 Il : o

[
i

Tii=5¢~10 ik
Ti=-5c-11 P

o]
o e
-0

Til=5¢c=13 Ji

v
::“
|
1




KAe1d Jale1-paxTy = g7

93 LUO [ [ TJOURUO] =[]

o3 fI0Ty) =[ |

O3ITILI =]

*YIPTM 9JT3uU® BYj} paudisse ST 3T ‘quesedd sT [edauju

AeTo 9uo ALUO UdYy °UYIPIM [BIO0} JO €/1 3uepunge 3souW puodas {yj}pM
18303 9y} Jo ¢/¢ Suil ® peudisse ST juepunge 3sow ayj} ‘jussaad age
sTedsutu Ae(d om} ATuo uayy °Y}PTM [B}03 JO 9/1 juepunqe 3sed
fYIPT™ TE303 JO (/T JUepunqe 350w Puodss fyj}pIM B0} 8Yy3 Jo £ aury
® poudisse s juepunqe 3souw oyj} ‘quesadd ade sTeIauTw LBID 99dYy}
Usyy “*Teasutu L0 Jo soToads yoes Jo aduepunge ‘eajelrquenb jou
nqeatyeTed ayy sjussaaded yjdep Aue e sUI] TBIUOZ TIOY JO yjduer

*y3dep °*sA eBlEP UOTROBIJITP Aed-X Le[)d *g eandygy




37

LOE

yord

L O

780" 780°-2'

L0

L 02

T O e

L O

L Of

02

99} Ul ‘H1d3q




Pisure 9. Clay x-ray difiraction dota as a

function of narticle size Tor cach
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Iron

; The distribution of the various forms of iron
with depth shows a marked increase in acid-insoluble

% iron in the lower part of the core (with the exception
of sample 12), at the expense of adjusted acid-
soluble iron. The variations probably reflect
original differences in iron content at different

1 depth levels. Assuming that at least an aporoach

toward equilibrium has been mainteined throughout
the time the basin has been closed, there appears
t0 have been very little or no movement of iron
vertically within the section. If iron, or any
form of it, were able to move freely via water trans-—
port or solid diffusion, there should have been
at least a vartial equilibration of iron between
all the samples.

Ratios of one form of iron to another help
t0 describe the situation more accurately. The
ratios of various forms of iron to total iron are
prescnted in table 5 and graphically in figures
10 through 13.

When acid-soluble iron is plotted against total
iron (figure 10), the values fall on or near a

straight line except for samples 10, 11, and 13,
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TABLE 5
RATIOS OF VARICUS rORifS OF IRCK TO TOTsL IRON
ADJUSTED

ACID- ACID~ IROH 48 ACID-

SOLUBLE SOLUBLL Frigs IRON INSOLUBLE

IRON/ IRON/ 0XIDES/ IRON/
Sahirbhi TOTAL TOTAL TOTAL TOTAL
NUMBZER IRON LRON IRON IRON
Tii=5¢c=-2 « 648 . 498 o152 « 350
Ti~5c=4 .814 712 .103 .185
Thi=-5c=5 «669 «493 o122 « 330
Ti=5c=6 4847 657 .116 c152
Tul=5c=7 736 627 <098 . 207
Thi=5¢=-8 695 546 .128 « 304
TM-—50—10 0489 [ 326 0089 0512
Ti=-5c-11 «339 251 .088 . 601
Til=5¢c~12 .725 «5b1 175 270
Thi=bec=13 «449 272 «163 «551

which cluster together considerably below the line.
These three samples are therefore very much lower
in acid-soluble iron than the other samples in the
core. This is also evident from figure 4.

The low acid-soluble iron contents of the
three samples may be caused by & number of factors.
The effect could be due to: a decrease in FeS for
these three samples, possibly as a result of conversion
of FeS to FeSZ; a lower content of free iron oxides;
absence or decrease in the amount of iron carbonates;

fewew easily removable adsorbed iron ions; a decrease in
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the amount of iron in the interstitial waters of the
mud, all with a concomitant relative increase in the
apount of iron involved in pyrite, umagnetite, and/or
gilicates. 41l or only some of these fuctors may be
important in each of the three samples, and the same
factors may not be significant for all of them.

Everts (196Y) gives the iron content of the
groundwater at the level of the water table (at the
surface of the pleya) as less than one part ver million.
Hence the possibility that variation of iron in inter-
stitial waters may cause tne acid-soluble iron to total
iron ratios to vary seems unlikely. Support for this
coaclugion is also provided by data of Krauskopf (1867)
and Hem (1960), who point out the low solubility of
iron in alkaline agueous solutions.

free iron oxides and "organic" iron cunnot by
themsgelves account for the low acid-soluble iron
contents of samples 10, 11, and 13. 4 plot of acid-
soluble iron less iron as free iron oxides and "organic"
iron vs. total iron (figure 11) is again nearly linear
for all sumnles except sauples 10, 11, and 13. Hence
the diflerexnce of free iron oxides plug "organic!
iron alone does not linesarize the ratio of acid-
soluble iron to total iron Ior all the samples.

4 plot of iron as free iron oxides plus "organic"

iron (figure 12) is nearly linear, indicating that the
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sum of iron as free iron oxides plus "organic" iron
represents a constant proportion of total iron for

all semples, regardless of depth or total iron concen—
tration. Thus deviations from linearlty in figures 10
and 11 must be due to acid-soluble iron not organically
complexed or as free iron oxides. The small varizbility
in the retios is evident from table 5.

Interpreting the color trunsition from green or
gray-green down to 11'6" to black below this in terms of
the iron data, the color boundary apparently does not
reflect an oxidation boundary. One interpretation is
that the iron components are exclusively detrital and
not related at all to lake processes. anotner is that
they are rclated to post-depositicnal effects. The
percentage of iron as free iron oxides of totzl iron
does 10t change across the color boundary. aisswning that
equi.ibriuwm has been mainteined during deposition,
superficially the constancy in the ratio suggests that
the whole depth of the core has veen equally oxygenated,
at leust at some time in its history. However, this
is contradictory to evidence from the total carbon data.

A plotv of acid-insoluble iron vs. total iron
(figure 13) shows that nine of t..e samples Tall close
t0 a straight line. Samples 10, 11, and 13 fall on a
Gifierent straignt line. The slove of the second line

is greuter than that of the first one, so & greater
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proportion of the iron in samples 10, 11, and 13, is
acid-insoluble than for the other samples of the core.
The two trends both converge on the total iron axis
at about 8500 ppm. total iron, wiich represents
acid-soluble iron. Samples 10, 11, and 13.fall on &
line with a slope about equal to one, indicating a
constant addition of acid-insoluble iron with no
increase in acid-soluble forms. Sample 12 does not
belong to the trend of samples 10, 11, and 13. Its
anomalous values may be rclated to its coarser grain
size. The other points fall on & line with a slope
less than one. This indicutes an inereuse in botn
acid=-soluble and acid-insoluble forms as toital iron
is increased. This relationshiv mey be fortuitous;

or it mey possibly be the effect of acid-goluble forus

I'b

of iron being derived from the breskdown of acid-
ingoluble iron compounds. A reciprocal relationship
may lso exist: some acid-soluble iron may be converited

into insoluble forms.

Iron-3ulfur

To relate the iron data to the values for toial
sulfur, molar values for sulfur and iron nmust be used.
Pyrite or marcasite does not eppear in x-ray dif-
fractograns from either the silt-sized or the cluy-

sized fraction of the mud, but one or the other may
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be present in smell amounts.

frce iron oxides and "organic" iron are forms of
acid-soluble iron which cannot be involvsd in iron
sulfides. The molar ratios of adjusted acid-soluble iron
to total sulfur arc given in table 6. This asswmes thot
all of the sulfur present in the mud is involved in
acid-soluble iron sulfides and that the excess of
acid-soluble iron is due to some or all of the fuctors
mentioned earlier. The ratios show a general decrease
with devth, with one sumule (sumple 11) having an

excess of sulfur relative to the iron.

TABLE 6
wOLAR AaDICS OF ADJUSTZED ACID-S0LUBLE IRON TO TCTAL SULFUR
ADJUSTED

ACID=-SOLUBLE Ia0n/
SANFLS WULBER 7074l SULLUR

Thi=bc=2 8.41
Thi=5¢—-3 9.79
Thi=5¢=5 442
Tli=5¢=-6 4.59
Til=5c=T1 3.03
Til-5¢c=8 2.09
Tiii—50—'lo 1. 53
TI&’Z-SC‘-ll 0. 77
Thi=-5¢-12 1.53
Tli-5¢-13 1.34

A FPe/S molar ratio of one would correspond to




stolchiionetric red with uli of the acid-soluble iron
nos used in free iroun oxides or "orgunic! cowbination
combined with sulfur. A4 value slightly less than one
could be due to the presence of pyrrhotite, ﬁel_XS.

A value of 0.75 would indicate that all of the sulfur
is combined with iron in the form of greigite {cubic
Fe334). Values greater thun one suggest that all of
the iron used in determining the Fe/3 ratio is not
really involved in acid-soluble sulfides.

A1l of the sanples except sample 11 have fe/S
ratios greater then one. rfor sample 1l, the ratio is
0.77, which is close to what it should be for greigite.
Inis correspondence may be real or forituitous. In
general, the downward decirease in ratio suggests, but
does not prove, thet more iron is involved in sulfides
as depth increuses.

It is unlikely, however, tanat all of the sulfur
is combined as acid-soluble sulfides. Lverts (1969)
determined the sulfate content of the surface water for
core Ti-5¢ as 300 pmm, and it is likely that HS™ is
present in solution at greater depths.

The particular species of iron sulfide present
cannot be determined by x-ray diffraction of these
samples. Berner (1967) gives x-ray diffraction
patterns for the sedimentary iron sulfides greigite
(cubic 96384), mackinewite (tetragonal FeS), freshly

precipitated Pes, and pyrrhotite (Eel_XS). 411l except
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freshly precipitated FeS show sharp peaks on Berner's
diffractograms. Absence of x-ray evidence for the
existence of greigite, mackinawite, or pyrrhotite in
the Teels ilarsh mud suggests that freshly precipituated
FeS is the form of acid-soluble iron sulfide present.

Experimental evidence sugzests that it is indeed
possible for iron sulfides in acid-soluble form to
exist at Teels liarsh. When dilute hydrochloric acid
is added to a sample of wet mud, there is a distinct
color change from grayish or blaciish to brownish-
yellow with a concomitant evolution of hydrogen sulfide
gas. In one or two of the samples, after centrifugation
for a long time at high speed, a susvension of fine
black particles remains. This supernate becomes a true
solution when dilute hydrochloric acid is added, and an
odor of nydrogen sulfide gas is generated.

3erner's experimental studies of sedimentary iron
sulfides (Berner, 1964b, 1Y67) were done over a range
of geologic conditions. He was primerily interested in
nerine environments but application of his results to
the present study arce meaningful. Considering his data,
certain iron sulfides may be eliminated from existence at
any depth in the Teels llarsh sediments. Pyrite and
marcasite form experimentally only if the pH is less
than four and the conditions include oxidation in

contact with the air. At Teels Marsh, the pH of the
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surface water is about pi nine (averts, 1969). The pH
may decrease somewhat witih depth, but it is not likely
that it goes below seven. So compounds which form in
acid solution are not expected in the Teclg ..arsh
sediments. Greigite, cubic EeBS4, is formed only wit
oxidation in contact with the atmosphere and wiaen
ferrous ions in solution are present as the iroun source.
FPyrriiotite forms only under acid conditions with a
metallic iron source (Berner, 1967). |

On the other hand, Berner (1967) finds that
tetragonal fed, mackinawite, forms at all pH's in the
range three through nine and at 31l temperatures
between 20° and 9000. Any type of iron-bearing reactant
(dissolved ferrous iouns, goethite, metallic iron,
poorly crystalline goethite used as an approximation of
limonite) gives rise to0 the sume final product in all
cases. Berner gives the following resction as the
controlling one for the experimental formation of

mackinawite:
T ; T Q = el o0
2 Lieoz(goethlte) + 3 h2°(aq) FeS(1et) * S(rhom) * 4 H,0,

the free sulfur dissolving as a polysulfide ion.
Goethite is probably present in abundaznce at Teels
llarsh, being an alieration product of the original mafic
minerals in the country rocks. But here it is more

likely that HS™ is the sulfur species in solution.
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The conditions at depth combine a basic pH witi,
conjecturally, a low oxygen content (low Eh). These
conditions would causge the transition from interstitial
waters with dissolved sulfute ion nearer the surfuce

t0 more poorly oxygenated interstitial brines with

HS™ in solution at depth (Garrles and Christ, 19565).

50 a more likely possibility for leels liarsh is:

ﬁfeoz(goethlte) + nb(aq) = ﬂeb(tet) + 2 On(aq).

From Bermer's work (1967), it is mackinawize,
crystalline tetragonal Fel3, or a partly crystalline
form oi it, that is most likely the form of acid-soluble
Playa environment.

This, then, indicates that an excess of adjusted
acid-goluble iron exists in all sauples except possibly
sample 11l. The assumption that all of the sulfur is
involved in mackinawite provides an absolute minimum
limit on the excess acid-soluble iron which must be
accounted for by other means.

The number of moles of excess acid-soluble and
acid-insoluble iron after cowbining all of the sulfur
into mackinawite is given in table 7. Sample 11 is a
special case because after using all of the acid-soluble
iron to form Fed, there is some sulfur left uncocumbined.

In this case it has been combined with acid-insoliuble
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iron to Torm pyrite or murcusite, EeSZ. The leftover
aclid-insoluble iron is assumed to be combined into

silicate mineral structures or magnetite.

TaBLE 7
BEACESS KOLALS OF IRON / 106 GRAIS DRILZD MUD, APRPTER PORLING

FeS WIIH ALL OF THE SULFUR

ADJUSTED

SAUFLE ACID=-S0LURL:  ACID=INSOLUBLE
NUMBER IRON IRON
Til=5¢-2 233 186
Til=5c=3 304 165
Thi=-bc=4 146 48.3
Til=5¢c=5 124 107
Til-5¢c=6 128 37.6
I‘i:;—sc—B 950 2 102
Thi=5c=9 231 104
Thi=5¢-10 2743 124
Tl=5c=-11 O¥* 190*
Thi=5c=12 5.2 9846
Ti=5¢c=13 18.4 145

*See text for discussion of sample 11l.

The acid-soluble iron excess after accounting for
sulfides suggests that iron carbonates are present in
the mud as coantributors of iron. These may have been
Present in insufficient amount to be recorded on any of
the x-ray diffractogrums; however, no effervescence wus
observed when the samples were acidified. In other lake
sediments iron carbonates are guantitatively abundant

(¥risgu, 1967). There is probably in fact a sreater




excegs of acid-soluble iron than shown for this
limiting case, because less sulfur is really involved
in mackinawite than has been assumed in the above

model.

Carbon

The carbon content of the samples is plotted as a
function of depth in figure 7. A sharp increase is
evident in the amount of carbon between sample 6 and
sample 7. This change occurs within the six inches
between 11 feet 6 inches and 12 feet 0 inches. 411 of
the samples below sample 7 are high in carbon except
samples 10 and 13. Sample 10 is still considerably

higher in carbon than the samples above sauple 7, but

sample 13 is in the same range as the shallower samples.
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The sediment color boundary noted earlier coincides

with this marked carbon change. Because the color
boundary is not related to variations in the amount
and/or oxidation state of iron, the boundary may be an
original sedimentary fucies line unconanected to
present hydrologic conditions in the playa. The tran-
sition upward Irom black t0 green or gray-green would
in this case represent a change in the amount of
organic matter being deposited in the playa. The
lighter colored samples would have been originally

deficient in carbon relative to the black ones and
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preservotion of this effect gives thne situation that
now exists.

Although it has nct besn noted in the log for
core Ti~-bc, elsewnere in the playa a couwpact gray layer
has been described beginning at a depth of thirty to
thirty-five feet (Everts, 1969). Sample 13 may be very
low in carbon content because it occurs close to this
gray zone at depth. However, this sample is arencceous,
which may have had some effect on the distribution of
carbon in the sample. The gray layer at depth
may be another depositional boundary where the trend
of low-carbon sedimentation is reversed at the
interface. Sample 10 is gray silt (figure 3) and has =
lower carbon content than the black samples immediately
above and below it. This sample may therefore represent
a temporary change in the sedimentation regime of
orgenic matter in the playa.

If the color boundary does represent an originsal
depositional feature, it has considerable significance
as a time horizon which can be correlated over the
entire playa surface. In this case it would be the
marker for a change in sedimentation conditions at
Teels icarsn at some point in its history.

Another interpretation of the color boundary is
that it is an oxidation-reduction transition related to

the hydrology of the area. The gray, shullower samples
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contain oxidized organic matter and tihe black samples
at depth retain the pigmentation of orgunic natter
under reducing conditions. This wmodel assuues a
fairly constant contribution of organic matter to the
basin with time.

Oxidation-reduction is a more likely interpre-
tation of the nature of the boundary in the light of the
sulfur and carbon data and the work of other inves-
tigators. IThe apparently contradictory iron oxide
data may be due to tne fact that hematite may be
metastably retained in a moderately reducing environment
for long periods of time. 4 sudden increase in sulfur
occurs coincidentally with the color boundary between
gamples 6 and 7. This becomes more evident when the

vlfur vaelues are plotted on an expanded scale (figure 6).
This is the expected eifect when passing downward from
an oxidizing to a reducing environment.

Manheim (1961) made direct measurements of pH and
Eh in stagnant bodies of water and underlying sediments
and found that the Zh decreased with depth in the
sediments, passing from positive values through zero
and becoming reducing. He found that the concentration
of HZS increased considerably slightly below the level
at which the Zh became negative. This is very likely
what occurs at Teels iarsh due to the present hydro-

logic system in the playa. Water with a positive Eh




containing dissolved sulfate ion occurs high in the
section. The interstitial water in the deeper samples
contains HS™ resulting from the reduction of sulfate
ion. These conditions have caused the alteration of
the original sediments and the formation of the color

boundary.

Clay liineralogy

The clay mineral data are presented in figures
8 and 9. Biscaye (1%65) has provided a method for
determination of "percentages" of clay wminerals in a
sample, but the technique is not strictly applicable 1o
the Teels marsh clays. Biscaye requires the assumption
that the sum of illite plus chlorite plus kaolinite
plus montmorillonite equals one hundred percent
of the total mineralogy of the sample under study.
This means that all of the non-clay minerals must be
removed or absent from the clay-sized portion of the
sample. Biscaye than uses the half-heignt peak areas
of the clays with correction factors for each type
of clay to calculate the clay mineral "percentages."
However, for the Teels ilarsh samples non-clay minerals
are a considerable percentage of the clay-sized
fraction (figure 9), and only relative abundances
within each sample nmay be deteriined.

Por figures 8 and 9, when there are three clay
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ninerals present in one sample in & given size frac-

tion, the most abundant is assigned a horizontal line

or a bar 4 of the total width of the plot. The second
most abundant clay mineral is assigned 1/3 of the total
width, and the least abundant is assigned 1/6 of the total
width. When only two clay minerals are present, the

most abundant is assigned 2/3 of the total width of

the plot and the least abundant 1/3 of the total

width. When only one clay nineral is prescnt, it is
assigned the entire width of the plot.

Splitting the whole, less tnan two micron frucition
into coarse, medium, and fine clay does in some cases
point out occurrences of clay minerals wihich are not
evident in the diffractograms for the bulk clay fraction.
Illite is present in all of the samples of the bulk
clay fraction. Hontmorillonite (figure 8) is relatively
minor or absent in all of the samples down 10 a depth of
11 feet 6 inches in the core. In all samples deeper than
twelve feet, montmorillonite suddenly becomes by
far the most abundant clay mineral relative to the
others. This sug:ests the possibility that some
montmorillonite has been diagenetically converted to
illite. I this were true, it would support the con-—
clusion that the present hydrologic cycle has has a
major efrect on the sediments. The occurrence of

chlorite is scatitered, but fairly common.
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The mineralogy of the 2 - 0.2 micron fruction is
not significantly difierent from that of the bulk clay
material. Again, montmorilionite vecomes more abundant
in all samples below 12 feet in depth. Illite is
measurably present in all samples except sample 6.
Chlorite has a widespread, but irrsgular, occurrence
and kaolinite is absent. Iliixed-layer clay is present
in only a very small number of samples for both size
fractions.

For the 0.2 - 0.08 micron clay, the mineralogy is
sligntly different. Chlorite is present only in sample
5. 1Illite is present in all of the samples and is the
1most abundant clay nearest the surface. liontmorillonite
aprears in sample 4 and is the major clay mineral from
there downward. lLiixced-layer clay is more zbundant in
tnils size fraction than in the coarser one. wuartz,
clinoptilolite, and phillipsite are tae most common
accessory minerals. Halite occurs for the first time
in the diffractograms for tiiis size fraction, but is
velieved to be due to the evaporation of saline inter—~
stitial water which was not completely removed by
washing. It would appear also in the coarser size
fractions if tney had not been thoroughly washed.

In the less than 0.08 micron clay fraction, no
cihlorite appeurs. Illite is irregularly present in

the samples but is the major clay mineral in only the




SULLARY AnD CUNCLuSICHS

Study of the forms and disbtrivution of iron in
the playa sediments of Teels uursih does not sined ligh
on tne nature of the color boundery occurring beitween
11 feet 6 inches and 12 feet 0 inches. There is 5.0
cunenge in total iron or acid-soluble iron across the
color boundary. free iron oxides account for a constant
proportion of total iron in all samples, regardless of
depth or color of the samples. This suggests that the
coleor bouncary does not represent an oxidation
differential.

This conclusion is contradicted, however, by the
carbon and sulfur data. There is a sucden increase in
tae amount of jotal carbon across the color boundary,
and a concomitant increzse in total sulfur at this depth
level. This is the exvected effect of passing downwerd
from an oxidizing to a reducing environment. Un-—
oxidized organic matter is the chief piguenting
material of tne black mud. The reducing environment at
depth, with a high concentration of HS™, provides a
Tavoruble site for the foriation of autnigenic iron
sulfides. from experimental stapilities under con-
ditions similar to tuose in the black mud of Teels lizrsh,
the acid-soliuble iron sulfides, if any, present at Teels

darsh are probably mackinawite, tetrugonal FeS, or
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partly crystelline forms oF it.

The chenge from carbon-rich o carvon—-pocr sediments
at the color boundary is possibly due fo & chan_e from
pluvial to dry lake conditions. Wright and zre; (1955)
aescrive the glaciszl history of the Grest Busin area,
using Lalke Lahortan as an examuvle. It is reascunable
To assune thet Teels iarsh was affected similarly to
Luire Luhcnten during the Pleistocenc. The last major
desp-lake period in the cres coincided with g
waximua.  These conditions were roplaced avout
years ago by a subaerial to snallow-lalke envirormen=
wilch continues to the present. During this time,
sedinentation conditions provided for air-oxidation of

4

the sedinents in the Teels .arsh basin. The sediments
deposited during this time would be expocied to be
bleached gray-colored by oxidation of orsunic aatter.
But wanile pluviel conditiozns were meintedined, the
environment on the lake bottom was kept unoxygenated
and organic matter was not oxidiged.

The color boundary, therefore, has considerable
si;nificance as a time line. The trensition upward
from black to grayish at the color boundary may be
correlated over the entire vlaya surface and possibly
be tied to a similar change of conditions in nelgnvoring

playa vasins. The position of +the color boundary

&ives an indication of the scdimentation rutes Ier the
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pogt-pluvial time pericd. For core Ti~>Sc, twelve feet

0f sodiment nave been deposited in wpproximately the
vast 0500 years, giving an egtlicatea gedinentution

rate o0& O.43 mm. per year.

The zeolite nodules and zeolites vresent 1n the
gilts and clays are phillipsite, segrlesite, and clinco-
tilolite. These .uinerels are presumably formed Lroum
glteration of volcanic ash in contect with the
alkaline playa weters. This agssociation 1s common in
the western Basin and Range province sedimeants.

Anglcime is often present as well, but none was
identified in the sunples studied.

The ¢lay minerals rerlect detrital and possibly
diagenetic origins. Chlorite is present only in
the coarse and mediun clay Ifracitions and is detrital.
Kaolinite is czbsent altogether. I1llite and montworillonite
are very abundant and some of the illite mey be formed

r alteration from montmorillonite. Some montmorillonite,

of

o3
-1

on the other hand,may be forming in conjunction with
zeolites from volcanic ash deposits. Liontmorillonite
and mixed-layer clay Dbecome more sbundant at the expense
of the other clay minerals in the finer size fractions.
Although quantitative anelysis of the clay mineralogy

gt Teels Liarsh is not siutable, relutive abundances of

each speclcg cen be cetermined.




SUGGESTIONS FOR #UTURE IRVuSTIGATIONS
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study would ve tae collection of comtinuous core

sanplesg, particularly frow the central arsa of the
playa. omaller increments in »th woula provide a more
detailed picture of the changes in the s.dimensts with
depth and should substantiate the conclusion that the
color poundary is wn oxiuvuvion-reuuction transition.
Imediate trectuent orf tae sumples after colloction

.

is wlisc dmportant. This would assure that water loss
ana oxioution of the geciments are kept at a minimun

ana would be a better representation of present vlaya
conditions.

Analyses Tor specific forms of suliur (free suliur,
sulfate, svulfude, orgaanic) would alsc e helpiul in
Jocutiug the oxiwation-reduction boundary. This could
as well prove the assw.ption nede in this study that
sulfide sulfur constitutes almost all of the ‘total sulfur.

A-ray photographs of isolated clay species would
indicate whether iron was important in their compo-
sitions. Iron-ricia cilorites and montmorillonites may
be important reteiners of acid-insoluble iron in the

playa environment.
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