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AssTRAacT.—The presence and relative
abundance of iron, magnesium, calainm,
alumingm, silicon, manganese, copper,
nickel, tin, titaninm, vanadium, chromi-
um, and silver was determined by emis-
gion spectroscopy in represeniative sam-
ples of sach hed-level unlt within the
Opg, Op., and Op; units of the Pogonip
Group and within the Ely Springs Dalo-
mite, Laketown Dolomite and Pinte For-
mation In the Arrow Canyon Range.
Magnesium, caleium, aluminum, gilicon,
and manganese contents are generally
uniform excepting Ca and Mg which oe-
cur in inverse proportion. Iron ig whigui-
tous, but decreassy markedly in abun-
dance from the bage upwards within the
Opy, Op., and Op, units and within the
Ely 8prings Dolomite. The topmost bed-
level unit of the Wly Springs Dolomite,
however, has a large iron content, thus
supporting the hypothesis that i jg lith-
vlogieally more clogely velated to the
overlving Laketown Deolomite than to
the remainder of the Lily Springs Delo-
mite, Bporadic occurrences of minor ele-
ments appear potentially uscful in 1ith-
ologic correlation within otlierwise yvela-
tively uniform carbonate sequences.

The objectives of this study have
been: 1} to investigate elemental
eontent of rock units within a lim-
ited siratigraphic sequence in order
to detect sequential changes in dop-
ositional etvironment; and 2), to
test a rapid and economical method
of qualitative estimate analyses for
use in defining stratigraphic units,

In regard to the first objective,

differences in source material pre-
stumably will be reflected in the ale-
mettal composilion of a sedimentary
roek unit. Thus studies of minor
elements in carbonute secdiments and
rocks, conducted by many investi-
gators (Graf, 1960/ &,/ b,/ ¢/; Le-
Riche, 1959; Dogens et al,,” 1958),
have led to environmental interpre-
tations regarding pH, Bh, temper-
ature, pressnre, biogenie factors, and
diagenetic processess. Graf (19600),
however, has eoncluded that no one
mochanism can be assumed vespon-
sible for the prescmee of a particular
eloment in a earbonate rock and that
time of introduction of an element
i rclation to  post - depositional
process  cannot be adduced from
the presence of the element, Thus,
other data are required to ap-
proach these problems and it was
felt that content anaysiz in re-
lation to stratigraphie sequence
might be profitable.

As for the sccond objective, an at-
tempt to separate roek uwits on the
bagiz of chemical variation was un-
dertaken as part of a ecomprehensive
investigation of the deseriptive stra-
tigraphy, structure and paleontology
of the Arrow Canyon Range. Bed-
level units comprising most of the
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Paleozoie section in this area ars
relatively unfossiliferous, are repeti-
tive in gross lithologie properties,
and not all of them are laterally con-
tinuens. Thus tracing of specifie sub-
unitg iy diffieult within some forma-
tions and addition of an analytically
eontrolled parameter conld prove
usefrl for deseription and in both
local and regional corvelation. Chem-
ical, spectrographic analysis coupled
with the quantitative estimate meth-
od of Harvey (1950) was selected
as a rapid, simple and ecconomical
method snitable for a predominately
gtratigraphic study. It is not com-
gidered, however, appropriate for re-
fined geochemieal investigation.

GEOLOGY ANXD STRATIGRAYTIY

The Arrow Canyon Range is al-
mogt entirely within the bounds of
the T, 8. Geological Survey Arrow
Canyon Quadrangle about 35 miles
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northeast of Las Vegas, Nevada
(F1a. 1), 'The range i a character-
igtic bagin and range element eomn-
prised of Late Cambrian through
Early Permian bedrock. Struetura
within the mountain block iz rela-
tively complex; moderate folding,
thrugt faulting, and mueh normal
faulting antedates tilting and block
faulting responsible for the present
aspect of the range. Uoencral geology
and strativraphy in the region are
treated respectively by Longwell et
al. (1965) and by Langenheim et al.
(1962},

The rocks nnder eongideration in-
clude the fopmost three informal
units within the Pogonip Group,
Opa, Ope, and Op;, ad recoghized by
Laneenheim et al. {1962), the Late
Ordovieian Ely Springs Dolemite,
the Silarian Laketown Dolomite and
the Harly and Middle Devonian
Piute Formation, The Eureka Quart-
zite, which separates the Pogonip
Group from the Ely Springs Dolo-
mite was not sampled.

The Opy Unit eonsists of relatively

thin-bedded, readily eroded gray
limestone which weathers gray
streaked with rusty brown. This

easily reeognised, bench - formning
unit iz about 335 feet thick at the
Monmouth Guleh Section (I'1e. 2);
and iz regarded as equivalent to the
Ranger Mountain Memnhber of the An-
telope Valley Limestone of the Pogo-
nip Group as recognized by Byers
ot al. (1961) and Ross (1964). The
lithologic character of bed-level units
in this section are deseribed in detail
in Marks (1966, p. 29a-32).

The Op, Umnit is a very thick
bedded, massive gray limeslone
which woeathers gray., This unit
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from gray through bull and brown
to pink, and outérops are strikingly
banded. This beneh formine wnit
is about 385 fect thick at the Ilinois
Guleh Seetion (1'rg. 2), and appears
equivalent to the upper portion of
the Aysces Member of the Antelope
Valley Limestonc of the Pogonip
Group as recognized by Byors et al.
(1961) and by Ross (1964). The
lithologic character of the bed-level
units of this scetion are deseribed in
detail in Marks (1966, p. 35-41).

The Xureka Quartzite sncceeds
the Pogonip Group in the Arrow
Canyon Range 4nd consists of ahout
100 feet of quartzite at the Tlinois
Guleh Section ({Langenheim et al,
1962),

The Hly Springs Dolomite con-
sists of black, thiclk-bedded dolomite
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forms a prominent precipitons cliff
and iy about 460 feet thick at the
Cornell Guleh Rection (T'e. 2).
These strata appear ‘equivalent to
the Iower portion of the Aysees
Member of the Antelope Valley
Limestone of the Pugonip Group as
recoghized by Byers et al. (1961)
and by Ross (1964). Only the up-
permost 340 feet of ithis formation
were sampled for this sfudy. The
lithologle eharacter of the bhedlevel
unitg of the rocks sampled in this
section -are deseribed in detail in
Marks (1966, p. 33-84)., The Ops
Unit is a heterogenous migture of
thick and thin beds of limestone with
minor amounts of dolomite. Fresh
rock is predominantly gray to dark
gray, but weathercd roek ranges
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which weathers black eapped by a
relatively thin unit of thin-bedded,
light oray, argillaceous dolomite.
The formation forms a prominent
black, cliffed slope in marked con-
trast to the pink-white Eureka
Quartzitc below, and is about 350
feet thick at the Silica Quarry Sec-
fion (Fia. 3). The lithologie char-
acter of the hed-level units in this
gootion are deseribed in detail by
Carss (1962). Iis descriptions and
definitions have been tsod in this
study with the exception that re-
examination of the rocks in the fleld
led to the following revision of his

unit 4 (Carss, 1962) .
Tnit 44 288" Dolomite; gray, wealbh-
erg brownish gray, alighi-
ly mottled; fine to me-
dimm-grained; abundant
“gpaghetti-like” strue-
tures,

Nolemite; black; very
fine-grained: nnforsilifer-
ouE,

Dolomite: very derk-gray
to black, weathers brown-
igh-pray; fine grained;
seattored crinold oswicles.
4k 7107 Dolomite; very dark-
gray, weatherd gray:
abundant, imperaiatent
chert lavers.

Dolomite; butt, weathers
eream - butf: coarge-
grained; porous, sStruec-
tureless, massive bed-
ding:
taat; few crinold osgicles
at hasze.

4d 2

4 T

da T4

Mhe Laketown Dolomite consists
of a lower member of thick-bedded,
coarge-prained, porous, gray dolo-
mite and av upper member which is
thinner-bedded, finer-grained, and
more argillsesous. These rocks are
gray to light gray and gouerally
weather light gray, forming a lower
elilfed portion and an upper slope
of benches and visers. The forma-

gharp upper coh-
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tionr 18 about 220 feet thick at the
Qilica Quarry Section (Fra. 3),
where Kennerly (1959} has de-
seribed the lithology of bed-level
units in detail.

The Piute Formation is a hetoro-
penous mixture of dolomite and
minor sandstobe. At the Silica
Quarry Secetion the lowermaost nem-
her congizts of 7 feet of rusty-weath-
ering, fine to medinm-grained sand-
stone and oray, sandy dolomite.
(F1a &), This is sueceeded by about
55 feet of light-gray westhering,
fing-grained dolomite which is over
lzin by about 15 feet of strikingly
alternating layers of light gray and
black to dark gray dolomite. Above
this about 90 foot of mottled, pray
dolomite forms a slope between the
banded oliff and about 60 fect of
thick-bedded, eoarscly ecrystalline,
alilf-Lorming dolomite capped by the
Stringocephalis biostrome, which ig
shout 25 feet thick. Details of the
lithology of bed-level umits in this
geetion are reported by Trost (1963,
e 1141217

HAMPLING AND ANATYTICAL
Procepures

Hocks ot the Ope-Dp, Unils of the Po-
gonly Group were sampled at tho site of
the meazured gection traverses in hMom-
mouth Guleh, Cornell Gulch and Illineis
Guich on the west side of the north end
of the Arrow Canyon Range {Fia. 2).
Rocks of the ¥y Springs Dolomite, Lalke-
town Dolomite and Piute TFormation
were sampled in the vielnity of the

Hilica Quarry, aboui midway on the
southeast side of ihe Arrow Canyon

Tange (¥ig, 3). Bxposures are esgential-
f¥ complete for the enfire sequonce, thus
tasilitating detinition ot hed-level units,
gnd from each gelection of charvacterigtic
samplog, Rocks along all of the traverse
lines had been painted and numbered to
show limits of the bhed-level units anil
fheve ig ne deubl, therefore, that the
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materials under study here are the game
ag those described in the Beld and by
conventional petrographie technignes by
Plerce, Ely, Carsg (1962), Kennerly
(1969) and Frost (1963). Throughout
the sequenco, at least owne hand-sized,
“representative” =ample was ecollected
from each unit, but, in zeveral cases,
specimens were taken from the “top”,
“middle’, and “base” of thick uniis, or,
from the several distinctly different lay-
ers within lithologically heteropensous
bed-lovel units, Sampling Was toward
collection of rock “ftting” the unit de-
scriptions of prioy investigators and fav-
oring collection of better exposed or
more readily accessible material within
8 unit hag been accepted as not greatly
influencing the overall aspect of the data
within a formation-level gequence. It
must be understood, however, that in-
terpretations of apecific samples refer to
gingle points and should not bhe uneritie-
ally appliod to an entire bed-level unft.

Ideally, samples should have heen
broken from each unit within stated
lateral limits and spaced evenly or con-
tinuously throughout itz thickness. In
addition, study of lateral wvariation in
glemental content within individual bed-
Ievel units would greatly enhance the
significance of this study, Channel samp-
ling and latera! variation stedies, how-
ever, were considered bevond the geope
of an investigation chiefly designed to
test a technigue and to produce a recon-
naissance examination of 2,220 feet of
rock,

Bach sample was hammered to Irag-
ments. Therealter selected unweathered
fragments, exeluding those having heen
in contuet with the hammer, were
crushed fn & diamond morter to an ap-
proximately 60-mesh powder. Fifty mil-
ligrams of randomly segregated toclk
powder were mixed with an aeguatl
amount {-0,001 g) of spectrographically
pure graphite in a Spex Industries Na.
3111 mixing vial using plexiglasz halls.

Elemerital congtitnents were deter-
mined with an Applied Regearch Labora-
tories Spectrographic Analyzer (1.5 met-
er, filterless, 20 micron glit width) using
a 10 ampere D. C. are. For analysis, ap-
proximately 10 mg. of graphiteroek
powder mix were placed in a Nationul
Carbon Company, type SPK L370%
gample electrode opposed by & National
Carbon Company, type SPK L2757 coun-
tevelecirode. Bamples were exposed ap-
proximately 150 seconds or until tofally
consumed. A gpeciral region ranging

Transactions Illinots Academy of Seience

from 2450 to 4330 A was recorded om
Eastman SA #1 film which was de-
veloped in Eastman D-19 developer for
2 minutes and fixed according to stand-
ard procedure. Element concentration
was determined by the method of Harvey
(1950, p. 127-158). Visual estimate of
line intensity oh the Alm was made
uging anh Applled Research Laborstory
Model 2230 Densitometer in order to ob-
taln a runge of values for specific ele-
ments. Wave lengths and bagic sensitivi-
ties of all elements noted in analysis are
ag follows:

lilement - Wave length Tdne sensitivity

Ag 32807 (A) LHI0T
Al 26525 (B) 01
Ca 43025 (B) 01
Cr 27319 (B) 1
on 2094.0 (B) 1
Fe 31006 (B) 1
Vg 27798 (B) 01
Nn 29331 (B) 01
Ni 34129 (B) a
8i 28816 (A) RUix
Bn 28400 {A) 001
Ti 29420 (B) 001
Vi . 29521 (B) 01
Dana

FiiveEs 4 through 8 show the degres
of spectrographic line blackening, ex-
prosged on a visvally estimated seale of
0 to 19, plotied against a columnar sec-
tinh. of the rocks under study, The line-
blackening or abundance curve is Daged
on 195 samples relafed to bed-level units
thronghout tlie sequonce, Of these samp-
les; 81 are {rom the Op; Unit, 21 from
the Op, Unif, 66 from the Op, Unit, 22
from the Ely Springs Dolomite, 17 from
the Taketown Dolomite, and 29 from the
IMute Formation, Among all samples
there are 112 of limestone and silty
limastone, 81 of dolomite and sandy or
silty dolomite, and 2 of siliceour sand-
stone.

The approximate range of elemental
concentration was determined according
to Harvey's (1950) method (Tarrzs 1-¢).
Thus, for a visuully estimated intensity
of 8§ for magnezium, manipulation of the
bhagic genpitivity for the analysis line, a
multiplicative factor, the type of lne,
and a matrix faclor would vield a per-
celluge range of .3 to 395 (Harvey, 1850,
v, 148158). Intensity readings of 10,
however, are congldered to result from
major congtituents proesent in a range of
from 10 to 180%; indicaied by an “X" in
the tables.
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TguRE 4.—Plot of spectrographic film blackening for elements in the Pogonip
Group, lower Opy Unit. Film blackness iz shown against an arbitrary intensity scalo
for. each element.

Iron, magnesium, caleium, aluminum, nickel, chromlom, silver, tin, titaninm,
and manganese arc essentlally ubigni- and vanadinm are restricted in range of
tous in the sequonce under study and are occurrence and generally are In trace
grouped ag “major constituents”. Copper, amounts or are minor congtituents,
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¥rewer 5—Plot of spectrographic film blackening for elemonts in the Pogonip

Group, nppermoest Op, Unit and lower Op, Unit. Film blacknesy ig shown againat un

arbitrary intongity seale for each eloment.

" Iron displays an interesting concen-
iratlon pattern which appears strati-
graphically significant. Within the Op,
Tnii, the Op; Unit, the Kly Springs Dole-

niite and the Laketown Dolomite, iren
progregeively deereases In intensity from
the base upwards. Furthermore, at the
top of all these units, excepting the Ely
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Trevrn 6—Plot of spectrographic film blackening for elements in the Pogenip
Group, uppermest Op, Uuit and Op; Unit. Film blackness is shown against an arbi-
trary intensity scale for each element.

] 2

Springs Dolomite, the iron ¢ontent mark- Caleinm and magneslum, of course, ara
edly increases. In the Kly Springs Dolo- major constltuents and produced lines of
mite, however, the decreasing trend in  strong intensity for all samples. Thore is
irgn contenl is ended by a lavge inecrease an inverse relatiomship in the relative
in heds 12 and -13. intengity of theso elementa in any given
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sample which is econslstent with fleld Aluminnm and eilicon coneentration
identifications of the rocks as cither patterns are approximately parallel, De-
limegtone or dolomite, viations as in unit 72 of the Op, Unit,
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Laketown Dclomite and Piute Formation, Film blackness is shown against an arbi-

trary intensiiy peale for each element.

generally occur in the form of the silicon
content not paralleling a decrease in
aluminum. )

Manganese intensity patlerns roughly
parallel those of iron.

The remaining elements, coppet,
nickel, chromium, silver, tin, titanium,
and vanadiwn are not ublquitous, but
gecur in igolated bed-level units or se-

quences of bed-level unita. Copper oceurs .

more less sporadically throughout the
sequence, hut ig soemewhat more wlde-

tively high concentration in Ded-level
unit 16 of the Op, Unit. In marked con-
trast, nickel iz almost continuously pros-
ent between the middle portion of hed-
level unit 7 of the Laketown Dolomite
and bed-level unit 104 of the Pinte For-
mation. Tn this sequence it is accompan-
ied by sporadically oecurring copper.
Chromium and =ilvor are esgentially con-

fined to tho Op; Unit where their oéeir-

apregd in the Op, Unit. Nickel ig absent
in the Pogonip Units and the Ely Springs -

Daolomite, with the exeeption ol a rela-

retnce is sporadic. Finally, tin, titanium
and vanadium are of extremely limited
oeeurvence. Tin was doetected only in
bed-level unit 16 of the Op; Unit where
it is asegeiated with relatively high con-
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centrations of coupper and nickel along
with Iron and manganese, Titanium and
vanadinm occur together only in unit 1
of the Ely Springs Dolomite in approxi-
mate concentrations. of 1 to 19%.

Discussion any INTERFRETATION

The factors governing elemental
somposition of a sedimentary rock
do not differ in any significant re-
spect from those governing the com-
position of the vock expregsed: in
mineralogic or biogenie terms. The
agents respongible for the occurrence
of minerals and biological materinls
are also responsible for the presence
of the elements that make up these
substanees. Hlemental spectro-
graphie analysis, however, doeg pre-
serrt some  advantages for strati-
graphic and environmental interpre-
tation. Among these are the follow-
ing: (1) Attention is concentrated
on the most simple -compositional
parameters. {2) Analytical methods
may be reduced to simple, rapid and
cconomic teehnigues permitting the
routine processing of large amounts
of material. (3% The data obtained
are corapletely compatible, regard-
less of their rock source,

Stratigraphic anaiysis of ele-
mental composition may proeeed at
the level of major constituent eom-
position, may be baged on ccenrrence
of minor eonstituent composition, or
may be based on the quantity of a
minor constitaent. In the first. in.

stance, lithologic nnits at all levels

are eharaclerized by the assemblage
of major elemental constituents and
their relative abundance. Thus, the
limestone unity
Group are distinguished from the

dolomitic Ely Springs Dolomite, -

Laketown Trolomite and Piute For-

of the Pomonip.

Transactions Illinois Academy of Science

mation hy dominance of caleium
over magnesinm, The distribu-
tion of iron, however, is of more
interest, as the relatively high
coneentration of this olement in
unit 13 of the Ely Springs Dolo-
mite tends to relate unit 13 more
closely. with the overlying Tiaketown
Dolonzite,

Paleontologic data and the distri-
bution and gross lithologie character
of the later Eariy Ordovieian

‘through Middie Devonian rocks of

Nevada indicate the preccuce of re-
gional unconformitics at the base of
the Hureka. Quartzite, at the base
of the Harly Devonian and at the
bage of the Middle Devonian. At
the Arrow Canyon Range the latter
two unconformitics are closely
spaced within the lowermost portion
of the Piute: Formation and Harly
Devonian rocks are only sporadically
present and are very thin, In the
light of these data, iron distribntion
in the Arrow Canyon sequenec ap-
pears to show a consistont relation-
ship in which iron eoncentrations
are greatest In the roecks dirveetly
above the surfaces of unconformity
below the Ely Springs Dolomite and
below the Piute Formation. The se-
(uenee above these positions shows
a more or lesw steady decrcase in
iron content,

When this generalization iy ap-
plied to the oeenrrence in unit 13
of the Ely Springs Dolomite, it sug-
gests that there may be an mneon-
formity below unit 13. A marked
inerease in insoluble residue content
and an abrupt change in eolor and
grain size also ocewr at this level
tfending to support such a conclu-
sion. The fauna which occurs in
Reso’s (1963, p. 907, PL 2) upper
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member of the Ely Hprings Dolo-
mite in the Pahranagat Hange, an
apparent eorrelative of unit 13, how-
ever, is of Late Ordovieian age.
Thus, if wnit 13 and the Taketown
Formation arc part of a continn-
ously-deposited geguence, sonie of the
lower portion of the Taketown
Dolomite al this locality must be of
Rarly Silurian age. Thus far, how-
ever, no Harly Silurian fossils have
been recovered from the Laketown
Doloniite in any part of eastern and
southern Nevada or western Ltah.
Al of the fossgils reported from the
Laketown Dolomite in the area have
been assigned a Middle Bilurian or
younger age, Our knowledge of the
hio-stratigraphic data are not ade-
guateto test the hypothesis that ivon
distribution within the Opy and Ops
Units of the Pogonip Group md1~
eatey an uneonformity.

In any event Krumbein and Car-
tels (19562) have coneluded that iron
componnds are most abundant in
near-shora marine environments and
that marine limostone deposited off-
shore should have little or no co-
precipitation of giderite or hematite,
Thus, theoretical geochemical eon-
giderations as well as stratigraphic
digtribution of iron in the Awvrow
Canyon Rangé sequence are conson-
ant with deposition in shallow en-
vironments and, in otherwise ambig-
uons sitnations, a relatively high
coneentration might be taken ag in-
dicative of nuconformity or shallow-
ing in the depositional environmoent.

Concentrationg of minor elements
tend to characterize specific units
and may be ag unique as heavy min-
eral ¢r Insoluble rosidue characters
in identifieation of such unity tor
physical correlation. Oeceurrence of

3649

nickel appears to characterize the
uppermost Laketown Dolomite and
the bulk of the Pinte Formation and
ntay be of value in correlation. The
unique oceurrence of tin in bed-level
unit 16 of the Op; TTnit of the Fogo-
nip Group and the joint oceurrence
of titaninm and vanadiam in bed-
level umit 1 of the Hiy Springs Tholo-
mite are examples of such poten-
tially identifiable kay-beds.
Although many factors affect the
transport  and deposition of any
ziven element, elomental oceurrences
may vield vscful dala for ecologieal
interpretation.  Copper is notably
concentrated by some warine algac
in modern  environments and it
ghould be noted that bed-level units
six and fourteen of the Opy Unit of
the Pogonip Group ave charaeterizod
by both fossil algal remains and rel-
atively high copper content. Perhaps -
some of the other copper “‘highs’
in the Pogonip Uroup, the KEly
Springs Dolomite and the Plute
Formation may be assoclated with
ag-vet unnoticed algal fossils or the
coneenirations may result from al-
gae which left no other trace.
QOecurrence of tin in bed-level unit
16 of the Op; Unit of the Pogonip
Group may possibly result from
organic concentration. Bowen and
Sutton (1351) report tin to be von-
cerrtrated by a medern sponge spe-
cies and sponge fossils are relatively
widespread in the Op, Unit. and re-
lated rocks. (Mherwise it is diffieult
to aceount for tin in a carbonate
roek, Copper and nickel are also
prosent and relatively abundant in
this particular sample, Silver is also
fenown, to be concentraled by eertain
mavine erganisms, bul there appears
to he o sugrested relationship he-
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tween silver oecurrence and that of
any partienlar fossil group at Arrow
Canyon.

Lrrersrcre CiTop

Byrra, Y. I, Jr. et al. 1961, Revised suh-
divigion of Ordovician System at the
Nevada Tost Bite and vicinity, Nevada.
U. 8. Geol, Burvey Prof. Paper 424.0,
Art. 189, p. 106-110.

Bowww, V. T, and D. Surrox, 1951, Com-
parative studies of mineral constitu-
ents of murine aponges I, The genera
Dysidne, Chordrilla, Ternios. Jour, Ma-
rine Research, 10; 153-176. .

Cangs, B. W. 1962, A Jitholopieal and en-
vironmental gtudy of the Ely Springs
Dolomite, Arrow Canyon Range, Ne-
vada. Unpub. M. 3, Thesiy, Deopt. of
Geology, Univ. Ill., Urbana, 65 p., 4
Figa,, 2 pls.

DEsENS, E. T, E. G. WiLLiams, and M. T,
Kwirn. 1958, Knvironmental studies of
Carhoniferons sediments, Part TI: Ap-
plication of geochemieal eriteria. Am.
Apsoc. Petrolenm Geologists Bull. 42
{5): 981-987,

Frosr, 8. H, 1963, The stratigraphy and
paleontology of the Pinte Formation,
Arrow Canyon Range, Nevada., Unpub.
M. 8. Thesis, Dept. of Geology, Univ.
111, Urbana, 126 p., 3 figs., 9 pls,

Grap, . L. 19604, Geochemistry of car-
honate sediments and sedimentary car-
honate roeks Part I, IIl. State Geal.
Survey Cire. 297, 39 p.

- . 1960b. Geochemistry of
carbonate sediments. and sedimentary
carbonate rocks Part II. IIl. Stato
Geological Survey Cire. 298, 43 p.

—_ 1860e. Geochomisiry ol

carbonate sediments and sedimentary

carbonate rocks Part III. I11 State

1eal. Survey Cire. 301, 71 p.

Transections Ilinots Acodemy of Science

Havvey, D. H., 1850. Spectrochemical
Procedured. Applied Res. Labs. Glen-
dale, Calif.,, 402 p.

Erxnesvy, J. B, 1960, An environmental
and stratigraphic study of the Silurian
Bystem, Arrow Canvon Range, Nevada.,
Unpub. M. 8. Thesis, Dept. of Geology,
Univ. Ili., Urbana, 46 p., 5 figs.

Krumprry, W, C. and RI. W, Garrms,
1952, Origin and clagsification of chem-
ical sediments in terms of pH and
oxidationreduction potentials. Jour.
Geology, 60: 1-33.

Lanemrmring, R, L., Jr. et al, 1962, Pale-
ozoic scetion In Arrow Canvon Range,
Clark County, Nevada. Am. Assoe, TPe-
troleurn Goologists Bull. 46 (B): 532-
G010,

Ly Ricug, H. H. 185%, The distribution
of certain trace clements in the Lower
Liag of southernr England., Geochem.
at Cogmochim. Aecta, 16: 101-132.

Lovowerr, C. R..et al. 19656, Geology and
mineral deposita of Clark County Ne-
vada. Nev, Bur. Mines Bull. 82, 218
p., 16 pis.

Marws, J. W. 1966, Hlemental composi-
tion and its stratigraphle significance
in Whiterockian to Givetian rocks of
tho Arrow Canyon Range, Clark Coun-
ty, Nevada, Unpub. M. 8. Thesis, Dept,
of Geology, Univ. Iil, Urbana, 56 p,
6 figs., 2 tahles.

Lego, A, 1963, Compogite columnar sec-
tion of expoded Paleozoic and Cenozole
tocks in the Pahranagat Range, Lin-
cole County, Nevada., Geological Soc.
A Bull, 74 (7): 901-918.

Ross, B, J., Jr. 1964, Middle and Lower
Ordoviclan Tormations in southern-
most Nevada and adjacent California.
T. 8. Geol, Burvey Bull, 1180C, 161
p., 12 figs,; 1 pl, 1 table,

Munuwseript recelved Wavch 15, 1067,




