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THE ORIGIN OF SOME CHROMITE DE.POSITS 

llT THE PACIFIC COAST REGION 

vii 

Chromite deposits hs:•e long been regarded as prsdu.ots 

of magmatic segregation. As a4dit1ol'Utl data have become 

available, otne-,.. processes have been invoked to aecount 

for the observed, :faots, The w~1ter, 1n the employ of the 

n. s. Geological. Survey, has visited man1 of t .he :k~o'A'!'i 

oh:romite looa11t1es in the western part of the United 

States and has collected mu.oh field ev1dencre bearing on 

the problem of tl>.e origin of chromite. 

Laborato·ry .de.ta turnishee much i:nformat1on which is 

not eompatj.ble with some of the field data. The tempera ... 

tu.res of intrusion of ultrama:fio magmas, the time ... sequenee 

of erysta.llization of the varioua constituents. and the 

degree of liquid immiseibility a:re a few of the features 

indicated by field relations which are difficult to re• 

oonoile with labQratory data. 

Speetroehemioal investigations made in eonneetion 

w1th this researoh suggest that the m1nor elements con .... 

ta1ned in the ehromite moleeule,, namely• nickel• manganese, 

silver, vanadi"tUl\• sodiwn and oobalt. show :regular varia""' 

tions in amount when arJ?anged in the time-orystall1zation 

sequenoe proposed in this paper; s~ch differences are 
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thought to represent variations in t~e oanditione of 

orystallization a.nd deposition. 

Each chromite deposit is ~egarded as having been 

formed under the influenee of SEr,eral. :forces. Under 

ideal conditions the resultant ot these foroea is thought 

to approach equ.ilibriwn. presumably consisting of a layer 

of olivine and · small arnoilnts of chromite in the base of 

the inagma chamber, sueo eeded by a layer of chrotni te and 

topped by a large mass of olivine with small amounts of 

chromite; a thin layer of pyroxene may eap the mass if 

any is present. This ideal condition is seldom attain• 

ed in nature~ exeept in the stratiform deposits• and the 

degree of aberration from equilibri"wn conditions determ ines 

the chara.eteristios of the ore deposit formed. 

The origin of the 'V'a.rious chromite deposits may be 

likened to quenehi:ng practice used to determine the eon

sti tuent.a of a high temperature melt or liquid at various 

stages during its cooling cycle .. Eaah chromite deposit 

is examined for evidence indicating at what stage in the 

praoess of cooling or orystallizat10n of the ultramafie 

magma its development was arrested by relatively rapicll 

cooling 9r quenching. Following physioo-ehemioal prin• 

ciples, beginning with the ultramafic magma in a fully 

liquid state, many of the difficulties in understanding the 

formation of various types of deposits are partially 

explained .• 



THI~ ORIGIN OF S OME OlJR OMI'l~ I~ DEP0~3ITS 

IN TEE PACI F'I G COA;JT REGION 

INTHODUC 'l1ION 

Chromite deposits have long been regarded as products 

of magmatic segregation. A.s additional d t:~ ta have become 

available, consideruble doubt has been ca st upon the segre

gation origin of all chromite deposits, and various other 

processes have been invoked to a ccount for the observed 

f acts. Many of the t heories so f ar promulgated have re

sulted from one or another of t wo types of investiga tion: 

(1) an intensive l aboratory study of' specimens collected 

by lndividuals other than the investigators wi t h little 

or no attent i on given to field occurrences; or (2}, a de

t a iled fiel d i nve sti gation of a single deposit or district 

with no oppor tunity for comparison with other deposits or 

districts by t h e s ame indi vi.dual. Obv i ously, this con

dition has led to a multi plic i ty of ideas regarding the 

cond itions gove r ni ng the depos ition a nd conc entra tion of 

chromite. 

The recent search for domestic sources of strategic 

1:; nd criticvl materi als conducted by the u . ,s . Geolog ica l 

s urvey and u. s . Burea u of M:ines, ha s afforded the writer 

an unique opportunity to vi s it a nd make deta iled investi ... 

gations of many locali t i es ond d i st r icts vvhere chromi t e 



was formerly produced or where chromite is now being mined! 

'Phe areas Which ha.Ve furnisheo. most of the data for this 

paper may be listed in orde~ Gf their rela.tive importanet 

as• {l) Seiad Creek mine. and adjacent deposits in the 

Klamath Iiountains, northern 0a.llfQrn.ia; f2) San Luis 

Obispo distriat i?l the Santa Lue1a Range of the Coast 

Ranges a few miles northwest Of San Luis Obl f3po, California; 

(3) chromite deposits in the Strawberry Mountains, Grant 

C9unty. Oregont (4) Stillwater Complex* Montana; (f>) El 

Dorado and Place~ eounttes. California; and (8) scattered 

deposits in the Klamath Mountains of southwest Oregon• (see 

figu.X"e l) • 

The di.striate vi·aited a.re thought to represent an 

adequate cross section of ore types as determined from 

pu.bli.shed mine descriptions. lfhe areas 11 eted are either 

~arginal or sub-marginal producers during pea.eetime. 

However, since these deposits seem te show the same char• 

aoteristios as higher grade ores it is hoped that the 

disoussion and oonolusions presented herein may assist 

in successful exploration in areas containing greater 

concentrations of ehromita. 

Aebl.owlediements: !he writer is indebted to Dr,. 

w, D. Johnston, Jr. of the u. S, Geological b'urvey for 

making possible w0rk on so many different areas, and for 

constructive criticism in the early stages of the 1nveat1• 

ga:tion. From colleagues and oo•workers in the u. s. Geolog1 .. 

ea.l Surve; invaluab'le information, theoretieal as well as 
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factual, ha s been gained, The writer is particulnrly in-

debted to Ur. G. A. Rynearson who collaborated in the early 

portions of this investigation, as well a s to Dr. D· F· 

Howett, Dr. J· • . 'J. J>eoples, Dr. Jr. G. ;~ells, and Dr. T· p . 

'l1hayer, all of the u. s. oeoloc;ioal s urvey. Dr. H. J. 

Fraser supervised the resea rch and critically read several 

preliminary pnpers and short reports on individual dis-

tricts. Dr, Peoples, Dr. ~ells, nr. Thayer, nr. Fraser, 

and Dr11 ron Canpbell have critically recd this manuscript 

and offered suggesti ons v~hich hove meteriu lly aided in its 

:preparation. 

Previous work: r;arly workers considered that wee th er• 

ing of chromiferous silicate minere ls released. ch:r·oruium 

which oxidized to form chrorni te deposits. Vogt'};/ i n 1894, 

]/ J. n. L• Vogt, Zeitschr. prakt. Geol., pp. 384-39Z, 1894. 

suggested a magmatic origin for chromite deposits 1,: nd by 

1910 hod developed the mt ematic segregation hypothesis in 

essent ::. a lly its present form. The .rrir~ gm.atic segregation 

theory for the origin of chromite deposits postulated that 

chromite w~ s t h e first mineral to crystallize, the nouroe 

magma beinc ultramafic in composition. 11.he early formed 

chromite crysta ls agglomerated or concentrated t o for3 

larger masses of chrom.i te-rich material.. The agglornerntion 

or concentration was due to several phenomena, among them, 

gravity settlinr;, .; onvect1on currents, mutual a ttraction, 
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and filter pressing, 

Ch1•omite investigations in this ~ou.ntr1 reoeived a 

great impetus when the .rec.!l;u.etion o.f imports during the 

first world war :focussed attention on ~ domestic depo• 

si ta .. 1.fhe genesis of most of these ehr@mite d.epos1ts was 

inte~preted aec:;orting. tG t .he magmatic segregation theory. 

Xn 1929 Sampson!/ $.nil Rosa~/ f1rEJt questioned the 

! / E• Sampson• Econ, Geol.,, PP• 632 ... 641, vol• 24. 1929. 

!I c. s. Roes. :rtoon. Geol• • vol• 24, Plh G4l•64f>, 1929• 

validity of thia b,y:poiheaie as applying universally to a.ll 

ehromite deposits and L• w. Fishe~/ pu'bliehed the resuts 

of a detailed mieroseopio study ot a variety of ores, 

Fi$her divided c:!u'omi te ooeurrenoes into three grcrn .. ps de,. 

pending upon whether the ehromite crystallized in the 

"early magmatic" pel'iod, in the n1ate magmattor• peiaiodt 

ot i.n an hJdrothe:t"mal state• 1!·1sher' e oonelu.sion was that 

the maJor l)roportion of ohroni.it e deposits consist of "late 

magmatic •f rather than °ea.rl.y magma.tie" ehromi te as demand• 

$d by the magniat1a segregation theo:rv• 

Wi" are now in the mi d$t of an other world oonfli0t and 

again the seateeh for st:11at.egio metals bas stimulated in.;;. 

vestiga.tions o:f domestic c hr·oroi te de-posits it Ne-arly all 

reoent papers have been published b1 the U11 81 Geological. 



Survey as ahapte:rs in Bulletin$ 922• 951; o:r 93ih These 

recent publiea tions favor a relat1 Vely early arystalliaa• 

tion period for c;,hromite with a subsequent d1ff~l'etitia• 

tlon into ty:piaal magme .. tic segregation deposits. or, 

inJeot.ion of already aryetalllzed ohromtte into the h1ghel" 

a..nd eooler portions of the m.agmntle Glha•'t)er 71e1~11ng a 

"late magma.tie" type of deposit. lfot all a'lthors are in 

agreement and the present hypothoses are u.ndergoing 

aonsta.nt l"evleion. 

lXethod ~ ~nve.atf.e~i~n: From 1938 to 1941• i:nolu• 

s1ve• the au:thor spent "two to six months each year fo:r 

the U.. s. Geological SU.rvey in field werk on chromite de .. 

pos1 ts in California, Oregon and Montana. Some of the pro

Jecte to whioh the writer was assigned were cooperative 

investigations b1 the Geological t>urvey and the u. s. Bureau 

0£ Mineth The exploration work of th.e Bureau ot lUnes gave 

unusua.1 opportunity to study deposits in three dimensions. 

Since the completion of the work with ~tl{; Geologieal 

SUrvey, a year has been spent in office work anr~ labora

tory researah en the various chromite ores inv estigated, 

the work eulminating in the preparation of this manu.script. 

!he field mapping ranged tr9m detailed plane table 

sheets ot individual deposits on a scale of one inch to 

40 feet to areal maps at distriats on a seale of one tnoh 

to the mile. 'rVh.e:re possible• underground workings were ma.p• 

ped on a. see.le ot an in.eh to 40 :feet or less. Aa mueh of the 



detailed work as possible was c urried out vvith either tran• 

sit or alidade since ma gnetic anomnlies are usut:illy strong 

in ultrabesic rocks, and compass or magnetic needles are 

correspondingly affected. 

In the labora tory 1.nvestigations nearly 300 thin sec

tions of rocks from various loeolities have been exmnined. 

s amples made up of pure chromi.te from various localities 

were analysed speotro•chemically. 
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GEOLOGY 

Chromite deposits in different localities have many 

features in eommon, perhaps more so than mo st other types 

of mineral deposit. 'Phe universal a ssociation of ehromite 

with ultramatie roeks ta almost unique in ore geology• 

and yet. oontinued investigations in thia apparently simple 

and rest.rioted field have resulted, not in a clear and 

aoneise pioture, but only in eontroversr and oomplexity. 

However. before a desoription of chromite deposits ie 

underetandat>le some sort of a ol~ssifioe.t ion of ocour ... 

renoee is necessary, 

Classification of ahromite deposits 

Sa.mpsorJ./ has suggested a elassifieation of chromite 

5/ E. Sampson, Symposium on ore deposits a s ~elated to - etruetural features, Princeton 'Univers1t1 
Press, PP• 110•126, 1942. 

deposits primarily intended. to focus attention on the 

st»U.ctural features of chrom~te ooour~enees. The division 

is five fold: Evenly soattered, sehli eren banded• strati• 

form, sackform, and. fi ssuref'orm. Although this olaasifi• 

cation undoubtedly has genetic s1gnifieance, it ser ves a 

strictly structural or desoriptional purpose; 'liampso~ 

!_/ IC . Samp son, op .. oit •, Jh 111., J,.942, 
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for example, observes thnt the sackform di vision may include 

chromite of such diverse orig in as ma?matic seg::::egRtion ~1nd 

hydrothermal replacement. .But in the interests of uniform

ity a nd s:l mplification, Sampson's cle.sslfic r• tion will be 

foll owed in this paper. 

sackf..2._~ chromite de-oosi ts: Sampson st ~:1 tes, "No 1Eng

lish term of vvhich the writer knows is satisfr:ctory to de

scribe th ls class of ore body, though the (}erman term 

schnuch, used. by Lepez and meaning goatskin bag is expres

sive. A sackform is taken by the writer to include such 

terms as pod end lens, as well as more irregular shapes. 

Most of the world's production of chromite hos come from 

sackform deposits. 'I'he outline is genera lly rounded al-. 

though protuberances are common and some reentrants may be 

deep and narrow. Boundaries with the enclosing rocks are 

commonly sharply defined but may be vague and gradational. 

The sackform bodies are commonly found in hi ghly altered 

or serpentini zed rocks, al though occurrences in only sli{rht

ly altered rocks have been reported. 

stretiform chro~~~te deposits: stre tiform deposits 

occur in igneou::> complexes produced by extreme d:tfferen

ti a tion.. '11t1e rocks exhibit well-develop ed layering on both 

e. l a rge a nd small sc ele, and usually indicate thnt the lay

ers were formed while in a nearly horizontal ponition. 

corcposi tlonally they are dlstlncti ve; p;enerally having 

large amounts of pyroxene and olivine with some feldspar 



p. 9 

in direct association with the ore minerP.l. 'rhese deposits 

are remarkable for their great stratigraphic regularity. 

continuous outcrops of individual zones often beina trace• 

able for a mile or more. 

Schlieren banded chromite deEosits: s chlieren banded 

chrorni te deposits consist of streaks of chromite sea ttered 

through olivine end serpentine. In the western st ates, 

those chromlt;e deposits found in fresh rocks corru...1.only occur 

as schlieren banded clepost ts. .All gradations are found 

from vaguely defined accumulations of chromite grains to 

sharply defined layers trecea ble for many tens of feet. 

The majority of the deposits show a linear structure with 

only vaguely defined planar structures. schlieren banded 

struetures, where found in fresh rocks, are often difficult 

to distineuish from fis sureform deposits. 

:Fissureform chromite deposits: Fissureform chromite 

deposits comprise the most controversial types. They are 

vei n-like deposits localized along fiss ures and fractures, 

~hich in turn, usually perallel regional fracture patterns. 

The major interpretive problem is the question of whether 

the chromite loc nlized the fractures or the fractures 

loc ~: lized the chromite. It is noteworthy thr-1 t the only 

two well-established localities for this type of deposit, 

the 'rhetfo:rd asbestos area in Cluebec and the selukwe 

chrom:l te district in Rhodesia, occur in areas of corn.plate-. 

ly altered end fractured rocks. Thls may or rnay not have 



genetic signifieanee. 

~ven~i scattered o~romi te d.e:eQs1ts i Evenly scatter• 

ed ehromite is well known a.s an accessory oonst1tuent in 

most ultramafio roe.ks. In some a~eas the a.mount of chro~ 

mite may increase until it becomes advantageous to oono€n• 

trate it to a marketable grade ore, All gradations exist . 

between this type of ohromi te accumulation and other types 

of deposit, al.though individual deposits may or may not 

show suoh gradation. lt has been the writer's experienoe 

that where chromite ore bodies oocur in rela.tivel1 f~esh 

rocks they are often surrounded by a halo of' evenly seat.• 

tered chromite whi oh deerea.ses in abu.ndanoe a.s the distance 

from the ore body inarea.ees; where de_posi ts Geour in 

serpentinized or highly altered rooks, the boundaries of 

the ore bodies are sometimes sharp, often sliokensided• 

and disseminated ehromite may be sparsely distributed. 

Definition of terms 

Ultra.mafia rooks are a group· aharaeterized by a high 

prsportion of magnesium and iron. The chief original 

constituent minerals are olivine and pyroxene; varying 

proportions of these two minerals determine the b:r•oad 

ela.ss into which a. given ult;x•amat'ie :roek may fall. 

In thia paper the ult~amafio rocks are divided into 

four types. Those rooks ao11ta.ining 9:) peroent or more of 
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olivine and 5 percent or less of pyroxene are called dun• 

ite; those rocks conta ining from 5 percent or more to 95 

percent or less of pyroxene, the other essential constit-

uent being olivine, a re e al led peridotite; those rocks 

containing 95 percent or more of pyroxene and less than 5 

percent olivine are celled pyroxenite. ~iliere the altera-

ti on of the constituent minerals has been complete or 

nearly so, the rock is termed serpentine. 

Peridotites are further differentiated by means of 

the pyroxene they contain. This distinction yields a 

multiplj.ci ty of roc k n:~mes such as saxoni te; harzburg-

it e , lherzolite ; wehrlite, cortlandite, etc. s axonite 

is the most comm.on type containing essential amounts of 

ortho-pyroxene end olivine. In t his paper rock descri p-

tions are restricted t o the general term peridotite. 

Klamath Mountains , Oalifornin a nd Oregon 

The gener a l geology of the Klama th Mountain re E)ion of 

northern ca lifor nif:i a nd southwestern Oregon is f a:lrly \'Yell .. 

knovm, but deta iled :meppints of parts of the area is inc om.• 

plete. publi shed report s include work by Dillerl/, Hinds£/t 

?/ 

§./ 

J. s . Diller, U. s . Geol .. s urv. Bull. 72t) , pp. 1-84, 
19::.!l; A• I · M. E. Bull. 153, P• 2018, 1 919 . 

N. _s . A.• Hinds; Univ. Calif. Bull. Dept. Geol., vol. 20, 
PP• 375-410, 1932. 

---···----------------------···--~•w•--·-·--
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. J/ . .12.1 . !!/ . . Y:.I Shanon ., Maxson 1 Averill , Rynearson and smith , 

'!_/ p. J. Shanon; u. S• Geol. surv. Bull. 846, 1933. 

10/ J. H. Maxson, cal if. Jour. Niines and Geol., vol. 29; 
PP• 123•160, 1933. 

11/ c. v. Averill, Calif. Jour. Mines and neol., vol. 31 1 
PP• 255•338, 1935. 

12/ G. A· Hynearson and c. T· smith, U. s. Geol . s urv. 
Bull. ~22•J, PP• 281-306, 1940. 

- ·--13-,----------- -------· - - -----
and ;vells- • 

13/ F . G· wells, Preliminary geologic map of t he .Medford 
quadrangle, Oregon. Oregon Dept. of Geol. 
and J:A:ineral Industries, le39; Preliminary 
geologic map of the Grants Pass quadrangle , 
Oregon.. Oregon Dept. of Geol. and z,,;ineral 
Industries, 1940. 

The Klamath Mountains are composed of schists, meta-

volcanics, meta-sediments, and unmeta.morphos ed J'"tlrassic 

sediments and volcanic rocks~ complexly intruded by a group 

of peri dotites, granodiorites and other igneous rocks. 

;:,;everal geologic per iods are represented by the rook se-

quence, but paleontological or other evidence indic uting 

s p ecifi c age is ext remely meagre . 

The oldest ro e lm in t he region are hornblende, chlor• 

ite and mica schists which & e tentatively identifj.ed a s 

:pre-Cambrian in age . These are overlain i,·:y o. c omplicated 

series of metamorphosed volc .:.; nic and sedimenta ry roe ks 

which have yielded both Paleozoic and \Jiesozoic fossils. 

'I'he so-called J urassic rocks are s a ndstones a nd shales 



with int erbedded volean;f.o fl.owe and tuf'fs. 14/ Taliaferro 

14/ N. L. Taliaferro, Bull. Amer, Assoa, J?etrol. Geol., 
vol. 27. PP• 109•21.9, 1943. 

correlates these rocks with the Ii'rancisce.n seri.es of the 

California coast ranges, but ma_pping is incomplete. 

A complex group of plutonic rocks intrudes the 

Paleozoic and Mesozoic rocks, This group may be divid• 

ed into two parts; (l) a metamorphosed quartz-diorite. 

a s sooiated with the Paleozoic formations, and (2) perido• 

tite a nd granodiorite, probably associated with the late 

Jurassic (?} intrusives which form the core of the 

Si ski.you Yfountain s. 

On the fla1Lks of the mountains, coarse elastic Cre

taceous and Tertiary rooks are ex.rJosed, They resemble 

shore line or beach deposits laid down around an island 

form~;r.1 by the older roeke of the mountains~ Considerable 

exposures of volcanic rocks occur to the no1 .. th and east. 

Recent gr avels e.nd alluvium partially :t'ill the 

larger canyons; along the major str·eams remnants of old 

terra ce de pos its, some poss ibly Pleistocene in age. some 

auriferous, ar e found at various points high &bove the 

level of present river beds. 

Detailed descriptions of other than ultramafic 

rocks will be omitted as bearing no relation to the 

ohromite deposits •. 
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J?eridotj,te and serpentine: The principal exposures 

of peridotite and serpentine a;re found in the more north .. 

erly and westerly parts of the Klamath Mountains. The 

largest area lies in Cu1·ry County, Oregon, where several 

hundred square miles of ultramafic roeks are exposed. A 

tongue of this same mass extends southward into Del Norte 

County; California and is well exposed a.long the middle 

fork of the Smith Rivero Othel' sizable areas of ultra• 

mafia rocks are found in Shasta County, west of Dunsmuir,. 

Cali f ornia, in Trinity County. west of Weaverville, 

California, and in the Seiad. quadrangle, Siskiyou County, 

California; small scattered patches outcrop randomly 

throughout the mountains. (see figure 2). 

The large imss of ultrama:fio roeks in Curry Count1, 

Oregon, oontains few known chromite deposits, although 

several moderately sized aackform bodies are found in 

its southward extension in Del Nol"te County, California.. 

Other chromite deposits are f ound in the northern part of 

the Seiad quadrangle where sohlieren banded and injection 

type ore bodies occur in a northwest .... striking d1scont1nu.ous 

sill•like mass of peridotite (see plate I). Small scat .. 

tered pods and 1ene•l1ke bodie s of chromite are sparsely 

distributed throughout the ultramafic rooks in Trinity. 

Shasta, Glenn. and Tehama Counties, and in the smaller serp~ 

entine masses in many parts of the mountains. Detailed dis• 

oussion will be eonfined to the Seiad area where the roek$ a~e 

gene~ally fresher and more detailed work has been done. 
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'l'he greater part of the Seiad ultram.afic rnc:1sses is 

a.unite. Locally, due to an increase in the percentage of 

the rho.ml:de pyroxene, enstatite, the dunite grades into 

saxonite peridot;tte. The dunite is relatively fresh; al

teration to serpentine is most pronounced along joint 

planes and shear zom~s. ~).mall bod:i.~'1s of completely ser

pentinized rock occur in several :place;:i, commonly not as

sociated with the larger fresher rocks, hut these may 

represent a different phase of the intrusion. The dunite 

is yellowish•green to sreenish-blaok on fresh surfaces 

rrnd we nthers to a brownish to brick-red color. The ac

cessory minerals tend to be more reslstant to wenthering 

and stand out in r·elJ.ef on the othervdse smooth surface 

of the rock. The more highly serpentinized rocks wcnthe:r 

to a light 3reen or greenish-brown color and are chnrae

terized by slickt curved surfnoes with a waxy luster. As 

a rule, areas of' dunite and serpentine m..ny be recognlzed 

in the field by their associated reddish colored surface 

end soil and by the sparse vegetation they support. 

The rn:tneral composition of the dunite varies only 

slightly. Olivine is the chief constituent. Chr0mite end 

magnetite occur as accessory minerals, trnually as sparsely 

disseminated grains, but sometimes in concentrations 

large enough to be of economic importance. Tremolite, 

talc, anthophyllite, chlorite, magnetitet and serpentine 

occur as products of regional metamorphism and hydro-
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thermal alterations. 

The age or the dunite and serpentine in the Klamath 

M:ountains is not nccur~1tely known. rrhey intrude so-called 

JUre ssic rocks end Eire overlain by Cretaceous rocks thought 

to be Horsetown or Chioo in age; probably they were intrud-

ed at the time of the widespread period of batholithic in-

x,rus5.on that occurred in the Pacific coast recion during 

1!:1 te Jurass:lc or enrl:r cretaceous t:tme. The order of in-

trusion in the seiad region appears to have been peridotite 

and dunlte followed by grEinodiorite and pegmatite. 

san Luis Obispo county, Celifo:r.nia 

The geology of the ;:3an Luis Obispo quadrangle and ad .. 

lh/ 
jacent areas has been adequetely described by Fairbanks-2 • 

15/ -

~/ 

l:J../ 

18/ -

H. w. Fairbanks, u. s. Geol. surv. Geol. Atlas, san 
Luis Folio (No. 101), 1904. 

-----
1t. c. Harder, u. D· Q.eol. surv. Bllll. 430, DP• 167-183• 

ig10. 

c. A· Logan, Calif • .state Mining Bur. Bull. 76 1 
pp. 103-104, l67•178t 1918; Gal1f. state 
lvlining Bur. State Mineralogist ts Report 
21, PP• 507-510, 1925. 

a. MeK. Laizure, California state Mining D.ur. State 
Mine:ralogist•s Hepo:rt 21, pp. 50?·510, 1925. 
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19/ H• A· Franke, Calif. Jour .. of Mines and Geol., vol. 31, 
no. 4, pp. 406-409, 1935, 

J. E. Allen , Calif. Jour. of Mines and Geol,, vol. 37 1 
no. 1, pp ~ 139-144 , 159-164 , 1941. 

-----------,·------·---·-----·--·-----·---------·---
.. . El/ 'ral1nferro- • 'Phe dete iled geology of setrcra l ehromi te 

21/ N• I, . Taliaferro, California St a te Divis ion of Mt nes 
Bull. 118, pt. 2, pp . 119-163 , 1941. 

---·~·-----~------------

de }.)Qsi t r3 has beEHl worked out by the writer and Allan B· 

l . ~ . . 22/ 
Gri ~:;g s, of the U. :s . Geo o;.;ic a l ;:.urvey- • 

22/ - clay r.r. Smi t h and Allan B• Griggs, U. s . Geologica l 
s urv. Bull. in preparation. 

The oldest rocks in the region are sandstones, s hales, 

chert, ba sic intrusives, and biurnltic lava flows. These are 

kno wn collectively a s the Franciscan series and are of 

probable JUrnssic age. Although Fa1rba nks23/, ha s stated 

----·---------·~--------~------·-----·-.. ·-·---·---
or;;/ c;,v - B· W• Fairbanks, op . cit., P • 3 , 1904. 

tha t t hin..-bedded sandstones a nd shales of the Knoxville 

group overly Franciscan rocks with marked unconf ormity, 
24/ 

Taliaferro- has rec ently held them to be conformable and 

24 / -
- --·-- -------------

N. L• Ta liaferro, op . cit., p . 126, lG41; op . cit., 
P• 109 et seq., 1943. 

----------------·--------------·-------~-·-------·--·-----·-·----

sta t es tha t t he KnOA"iTille i s merely t he upper portion of 

the Fr anciscan. rrhe chromite depos it s occur in serpenti-

nized dunite and peridotite masses tha t intrude Franciscan 
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and Knoxville rocks. serpentinized rooks outcrop in dis

continuous belts having a general northwest trend, and 

are found on the ea stern slopes of the sen Luis .wange, in 

San r.uis Va lley, and in t.he western portion of the santa 

r.uoia :tange (see plate II}• 

Tertiary sediments, predominately shales and sand

stones, cap many of the higher ridges and form the bulk 

of the s nnta Luica range farther north. Minor amounts of 

both dikes and lava flows ranging from rhyolite to basalt 

are found associated with these younger sediments. 

No large alluviated areas are found within the Senta 

L,ucia range, although the valleys on either side are well

filled with recent deposits. 

Peridot~~ and dunite: serpentinized ultramafic in

trusives are widely distri lmted in the coast ranges of 

California. In the s an Luis Obispo area these masses oc

cur in discontinuous belts generally having n northwest 

trend., They are usually 2 to 3 miles in length and less 

than 1 mile in 1Nidth. JL large mass containing the better 

chromite deposits outcrops continuously for over 10 miles 

and attains a maximum width of 2.5 miles (see plate II). 

The chromite deposits are always associated with serpen

tinized dunite which occurs as irregular bodies in ser

pentinized peridotite, although accessory chromite occurs 

in both. .Although the rocks are completely altered to 

serpentine, they are described as the original rock types 
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to emphasize the chromite distribution. 

No olivine remains in serpentinized peridotite and 

pyroxene crystals are represented by pseudomorphs of 

bastite. The peridotite contai ns about 40 percent pyro

xene (bestite). On fresh surfaces the rock is dark green 

or brown with dark spots formed by pyroxene {bastite) 

crystals. Wlth wenthering the rock becomes a li ght tan 

or buff color end dark brown altered pyroxene crystals 

so.metimes ste.nd out in relief. However, the texture of 

the original roc k is well-preserved, and unless it is b 1:1dly 

sheared, peridotite is e asily identified. 

The dunite veries from dnrk green to black in color 

on fresh surfaces, and has a granular texture in hand 

specimen. It weathers to a smooth reddish brown to buff 

colored surtece which local miners have called nbuckskinn. 

Olivine in dunite has been completely altered to serpen

tine minerHls. 

nunite is found in fairly small irregular bodi es 

grading outward into peridotite. sharply differentiated 

bands of' the t wo types, which Hre common in many ultra ... 

mafic rocks, were not found, and nearly all exposures 

seen exhibited little structural relation to one another. 

'l'he duni te bodies are commonly restricted in any di rec• 

tion to a few hundred feet. Generally, these bodies trend 

northwesterly with:i.n the perid.otite parallelling the out ... 

lines of the l arger bodie s of ultramafic rocks, a lthough 
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locally, wide va rlations may be observed. 
25/ 

Fairbanks- states that peridotite intrudes both 

25/ H~ N. Fairbanks• op. cit., P• 6, 1904,. 

the l!"'ranoi s can and Knoxville formation, but t lrnt a t no 

place has it been observed to intrude younger rocks. AC-

cordingly, th~ ultramafic rocks of the Santa Luica range 

are regnrded as l at e JUrassic or early cretaceous in a ge. 

Diab esic and schistose ro.ck masses fi re comm.on in the 

ultrmuafic roc ks. r.;;ome of the masses have a random 

orientetion wi t h i.n the duni te and peridoti te 1Nhile others 

are found in defi nite a linement, such as mi ght be e xpected 

iivi th dikes. All the forei gn rock materi a l contains horn-

blende, chlorite, and plagiocla se feldspar in varying 

amounts, a nd shov-:s the effects of considerable metamorphism. 

Although some of the rocks a re blocks of material which 

have been broken from earlier forma tions, others E; re dikes 

which cut the ultramafic bodies and ore either contempor

aneous with them or l ater. Field rel ations indica te that 

much of the material has been intruded a s disconnected dia-

base dikes, although part of the discontinuity of the 

dikes may have been produced by later deforn1ation of the 

serpentini zed peridotite. 
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strawberry :Mountains, Grant County, Oregon 

The geology of the strawberry Mountains has been com-
. 26/ prehensively trea ted by Lindgren-- , and notes on the oc-

26/ - w. Lindgren, u. S• Geol. surv., 2F2nd Ann. Rept., pt. 2, 
pp. 712-?17, 1901. 

27/ aurrences of ohromite have been published by Lindgren- , 

~/ N. Lindgren, op. cit., p. 713, 1901. 

~--~~~~~~~~~~~~- ··~~----~~~~~~-

28/ 29/ . 30/ 31/ 
Westgate- , FUrness- , Allen- , and 11.'haye:r- • 

~/ 

29/ 

~/ 

31/ -

L· G• Westgate, u. ~:; . Geol. surv. Bull. '725, PP• 3'7-60, 
1921. 

J. w. !!"'Urness, U. th. Bur. :Mines, Mineral Resources U. 
s., 1925, pt. 1, P• 141, 1928. 

J• E· Allen, oreeon Dept. Geol. and Min. Ind. Bull. 9, 
PP• 53-69, 1938. 

T· p. Thayer. u. s. Geol. surv. Bull. 922-D, pp. 75-
113• 1940. 

32/ Thaye:r- summarizes the generel geologic features Hs 

32/ T· p. Thayer, op. cit., P• 78, 1940, -
follows: "The oldest rocks of the district are schists and 

layered diorite ............ of Paleozoic age or older. The 

Mesozoic rocks, which consist mainly of s andstone, shale, 

chert• and limestone, contnin sorae pebbly beds whose com-

positton indic ates tha t they were f ormed, at least in pHrt, 
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by erosion of the older rocks. ? eridotite and dunite, 

partly altered to serpenti ne , are intrusive into both 

the Paleozoic and Mesozoic rocks. T11e ultrarnafics occur 

in two .ma in belts (see figure 3), one of them near canyon 

City and the other from 15 to 20 miles sou thwest of it. 

The chromite occurs in the peridotite and dunitc. 

·rertiary lavas, tu:f'fs, and conglomerates are widely dis-

tributed in the region surrounding the strawberry Hange. 

1rhe area between the north base of the range and the John 

nay River is occupied by coalescing ;jfluvial farts, whieh 
."t:'' 

contain placer gold in the vicinity of canyon City. ~;ome 

fairly extensive areas of alluvium and some glacial de• 

posits lie within the range." 
33/ 

Thayer- has subdivided peridotite as described in 

35/ T11 p. Thayer, op. cit., p. 80, 1940. -
this paper into two types, according to the ai.11ount of pyrox

ene , originally present. Oli vini te contains f':r:orn 5 to 50 

perc>9'1t of pyroxene with the remainder olivine; peridotite 

contains from 50 to 95 percent of pyroxene together with 

olivine. In mapping the distinction between olivinite and 

peridoti te oan seldom be made and, as stated on IH:l.g e 11• 

the writer prefers to describe all rocks consisting of 

olivine with from 5 to 95 percent of pyroxene es peridotite . 

However, east of canyon City the rocks are only about 50 

percent serpentinized, and the various types are fairly 
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readily distinguished. (see plate III.) 

Dµnite: The dunite is a dense uniform rook which 

weathers to a smooth reddish brown surface, end commonly 

has a ·well-developed platy jointing. Because of t}le 

weathering and ~io1nting characteristics, outcrops are not 

often developed. 

Peridotite: Perido'tite weathers to a reddish brown 

-:-ir buff colored rock in which the :pyroxene cr·ystals stand 

out in relief from the olivine matrix. on fresh surfaces 

it is difficult to distinguish between dunite and ollvine• 

rich perido·ti te 'Without the aid of a hand lens .. 

pyroxenite: pyroxenite is coarse g1•ained and crops 

out usually in the form of lenses yielding large reef• 

like masses.. The pyroxenite is very resistant to weather

ing, but may show considerable alteration to serpenM.ne .. 

})yroxeni te is found itl the aroa east of Canyon City 

where it makes up portions of the banded and layered rock 

masses. The pyroxenite is generally confined to the 

borders oi' the ultramafic area, commonly as lenses in 

peridotite paralleling and within a few feet of the con

tacts. 

serpentine: In the Mt. Vernon sorpentine belt, in 

the Ii~ield' s creek region and west of' canyon Gi ty, the 

rocks are completely altered to green serpentine and no 

traces of the ori ginal 1niners ls rarr.iain. Distinction 

between different rock types has no·t; been possible a nd 



these areas are mapped as serpentine. Although the tran

s.i ti on f'rora fresh materiel to green serpentine is gre.da

tional in some places, in others the contacts are quite 

sharp. 

7.,he rocks are much fractured fj nd slickcnsided and 

wec ther to a dark green or red.dish bro:.vn soil. In the ser

pentine tJ1e chromite occurs only as lenses or sackform de ... 

:.;osits, whereas in the fresher rocks several of the occur

rences are schlieren. banded or show fissureform outlines. 

r,nrge blocks of the :Pe,leozoic 2 nd ?!.esozoic rocks are found 

as massive inclusions in the serpentine, some of them more 

than one hundred feet long . A noteworthy fea.ture of these 

masses, which are usually siliceous, is the lack of re

action or metamorphic change between serpentine and in

clusions. 

In the Mt. Vernon serpentine area chrysotile asbestos 

is found in fibers nearly an inch long. The veins are 

small and d:lscontinuous, but some min:i.ng has been attempt

ed in one locality. 

Gabb_~ rocks '.0nd. pegmatites: Banded gebbroio rocks 

occur interleyered with the ultramafic rncks in a layered 

part of' the com:9lex east of Can~ron City, end el so are 

found as small dikes and plug s cuttinc; the ultra.mafic mas ... 

sE;is. At the Chambers mine the chromite ore bodies are @ll"§ 

l)y coarse basic pegmatite and medium to fine-grained 

gabbro dikes. Gradations between the pegm.atite end gabbro 
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are found and both rocks seem to be related to the ultra-
34/ 

mafic rocks. Thayer-- considers the gabbro and pegmati te 

~/ T· :p. Thayer, op. cit., p. 85, 1940. 

to be cont;errrporeneous with the ultrama.fic rocks, although 

obviously representing the latest stages of the intrusion. 

structure: Much of the ultramaflc rock mass is mas-

s;i.ve and nppa:rently structureless, but in some of the region 

east of c a nyon City bondi I1f: is very promlnent.. The bm1ding 

is of two types, either: (1) a layered structure consist-

ing of a lternating layers of dunite and peridotite or with 

increa sins pyroxene, perido t ite a nd pyroxenite, or (2) a 

linec:r a r rangement of pyroxene crystals producing a banded 

pattern on certain surfaces. In the layered structures 

boundaries ere gradational, although, if particularly con-

trasting rock types are involved, as dunite and pyroxenite, 

the structure is q_uite distinct and readily mappable. The 

linear elements are more obscure and not easily detected, 

although where found with the planar bending , the 1.ineation 

lies in the plane of the layering . Linear arrangement ot 

chromite crystal s wa s noted in the chromite deposits et 

several loc alities. 

The attitude of the layering varies greatly over the 

mass, and bears no relation to the chromite deposit~ as far 

as coul d be determined. 
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MIIN""ER ALOGY 

Chromite de:pos:tts nre mineralogically simple; chro ... 

mite is the only ore mineral, ond in most oases, olivine 

is the predominant .' ::cmgue minernl 'Ni th small a.mounts of 

:pyroxene. The ganc;ue may be in all stages of transition 

to serpentine, a feature which oftentimes obscures the 

r.-r, enetic characters of individual occurrences. De'tr::ils of 

the :mineralogy are perhaps best discussed in three c:roups: 

hnnd specimen mineralogy, thin section mineralo r~y, and 

minor elements d·3termi ned by means of the spectrogre:ph. 

Hand specimen mineralogy 

Olivine, pyroxene, chromite, and magnetite are the 

most abundant minerals associated with chromite deposits. 

co:m:monly the first two may be altered in part to serpen

tine, ~nd iron oxide. 

The olivine of chromite deposits is widely varie.nt 

in texture. In the unaltered (ie:posi ts it forms an equi

grcmular mass of anhedral crystals, of'te::1 shovdn;:: con

siderable fracturing . It is readily altered to antigor-

i te and chrysot'ile yieldinr: slickensided surfaces along 

joint planes and other zones of dislocation; as alteration 

becomes more complete, the granular character of the rock 

disappears, and is replaced by a green, shiny, slick, 
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aphanitic character. 

Enst1:zti te or bronzi te is the common pyroxene assooi ... 

ated ·:.; i th chromite dC !)OSi ts; hypersthene a nd. augi ta are 

less common. T£nstati te occurs as scettered crysta ls us

ually 5 mm. or .nore in length ~md somct:tmes includlrv_; 

olivine cmd ehromite. The pyroxene commonly alters to 

b.astite preservi:i.g the outline of the original pyroxene 

o~ystal. In hand specimen it is difficult to determine 

the degree to which tho pyroxene has been altered. 

Chromite in hand ~1pecimen is dr.:1rk brown to blnck and 

gives a brown streal<; if crystols nre present they are 

small octr~hedra commonly less than 2 mm. across. nome 

chromite is slightly magnetic and then is difficult to 

distinguish from magnetite.. Chromite ore sometimes is 

dense; sometimes gronulnr. and so:m.etin1es occurs es sparse 

disseminations through the gE:ngue. 

Magnetite alway:::: gives a black streak, is very mag

netic and, if crystalline, has lustrous black crystal 

faces. It is distinguished from chromite by its much more 

intense m8gnetlsm and black ::1treak. In chromite deposits 

there is commonly one percent of' mngnetite present. 

Thin section minernlogy 

Olivine in thin section sho·Ns rc.mdom orient<:ltions, 

subhedral to nnhedral crystal forms. and a characteristic 

pattern of irregular frr::ctures. Oliv:i.ne from some 



localities has a peculiar bladed intergrowth resembling 

twinnJne;, and elsewhere shows long strtngs of similarly 

oriented crystals which have been described es ribbon 
35/ structure by some observers.- Granulation :i.s rare, al• 

----- ······---····-·-··· ·---------------------
35/ T· p. Thayer, personal oommuniceition. 

----------- ·------·-,·--·----
thouGh thin sections of olivine kindly furnished by T. p. 

r;i~~ayer of the U. s. Geological survey from the 'l"'V;in Sisters 

Renge east of Bellingham> Weshington, show mylonitization 

in a few lizn.ited orens. crushin.{3 and granulation of oli-

vine is usually obscured by later serpentinizatton. 

Pyroxene in thi.n sect5.on rarely shows twinning and is 

often the first mineral to yield to alteration. Pyroxene 

is commonly the last mineral to orystallize and either 

poikilitically includes olivine and chromite, is molded on 

the olivine nnd chromite grn ins, or, fills :i.nterst'lces. 

Chromite in th:i.n section may be ODaque or translucent 

in shades of red.dish brown, deep red, or yellow. Little 

relation between color ot:' chrmni te crnd percentage of 

or2o3 in the chromite molecule hfls been found, although 

the deep red chromlte usunlly contains a greater percent-

age of cr2o3 than does the yellow mineral. Chromite oc

curs in euhedrel crystals, :tn irreculnr rounded masses 

,1nd as ma~rni ve aggreg1:1tions of crystals. Much of the 

evenly•seattered chromlte in the J)acifio coast deposits 

is f'ine-gra i:ned, and few deposits have been found v1here 



p. 29 

average grain diameters exceed 1 m:m. some chrorai te grains 

show serrate edges suggestinr; renction c,.fter solidifica tion. 

Relations between olivine, ·,:,yroxene and chrom:t te 5.nd icate 

that chrorrd te may be early, int.ermodi nte, or l e te in the 

crystallization sequence, while olivine is co.mn1only early 

and pyroxene usually late. 

I!inor elements 

rrheorotically, pure chroml t e contains 68 percent of 

chromic oxide and 3 ;:; percent of fe r rous oxide, but in nature 

this ideal cornposi t5_on is seldom ettained owinc to the 

presence of alum..lnum, ferric lron, and magnesium in the 

chromite :molecule. Beonuse of tho presence of these other 

olementf:; the formula for chromite is raore accurately writ-

ten as (Fe, Mg)O• (Cr,Al,Fe) 2o ... .( . In f.lddj_tion to these major .., .... 

constituents, manganese, ti t ani wn, calcium, end silict.:.~ nre 

usually reported in amounts up to a fe'..w;·tenths of a per ... 

cent. However, the sr>ectrogrHph revenls other minor con ... 

stituents which seem to he persistently associGted with 

chrorai te recardless of the locnli ty fro rn. which it is ob-. 

tai ned., althouc;h present in amounts lesf; than 0 .. 01 percent. 

These e re tellurium, va nadium, sodium, silver, potassium, 

cobnl t, a n d nickel. No t eworthy is the lac le of' :p latinum 

group metals, even in spe cimens fron1 the utillwater complex, 

v1here pl?tlnu...'11 is known in other horizons in the complex. 
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semi ... quantitative measurements of v ariations in the pro-

portions of these minor elemerrts are sho~n gr Gphically in 

figures 4 through 12. 

Figures 4 through 12 have as their ordinates the in-

tensity r at ios of eac h element .:i. nvestigated s pectrographio-

ally. The intensity ratio s were determined by t he method 
36/ 

de:sc r i bed. by Wilson--. • They represent the relnti ve amount 

H• D• B• Wilson, Unpublished doctorate thesis, Calif. 
Inst. of Tech., 1942. 

of a given element referred to a known standard• in this 

case, a standurd lithium line. Since the intensities are 

based on the transmission values of the lines as photo-

graphed on the film. in the spectrograph, they are pro

portional to the amounts of the elements present in the 

samples~ However, the proportionality is not direct. and 

because only variation between sampl(}S was being investi

gated• the necessary workinG curves and st.andard samples for 

determining absolute quantitative percentages of the dif

ferent elements were not included in this investigation. 

The numerical values of intensity ratios have no signifi-

oance as tar as actual percentage of different elements is 

concerned; however, an intensity ratio of 0.1200 repre

sents twice as much of the element present as en inten-

sity ratio of o.oeoo. Thus, in the nickel diagram, 



figure 12, the sample from the Sweetwater mine with an 

intensity ratio for niokel of 0.2841 contains twiee as 

mu.oh n1ekel a s the sample from the Seiad Creek mine with 

an intensity ratio for nickel of 0.144\1. 

Whe absQissae of figures 4 through 12 are 21 loeal• 

it.ies grouped aocording to the hypothesis proposed in this 

paper, ~bat is, each loaality is assigned a position in 

the time""orystallization sequence and then its m.inor ele.ment 

intensity ratios are plotted aacordingly. The time se

quenoe ranges from a deposit which shows little or no con• 

eentration of chromite and no structural eontrol to one 

in whiah field evitlence suggests vein structure in the 

ahromite ore bodtes. The intermediate positions are de• 

termin.ed by field evidence and approximately are divided 

into three groups: The typ1oa1 saekform type of deposit 

with oonoentration of chromite dominant and little at.ru.o

tura.l control; the sahlieren banded type of deposit with 

ooncent-ratio:n .of chromite mod.ified by structural control 

principally by flowage; and finally, a pproximating the 

f1esureform type of deposit with conoentration of ohromite 

modified by fraoturing, fi ~:i suring. and injection with pos• 

sibly some replacement. It is significant that the main 

points of this sequenoe were worked ou.t before the re• 

sults of the spectrographic study were known; thus, the 

somewhat orderly arrangement of th0 minor elements partially 

su.bstantiates the hypothe~is present ed in this pa.per·. 
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Column one represents two r a ther widely separated 

samples from the stlllwater complex, :Montana for com:pari-

son with the pacific coast types. column 2 represents a 

sample of typical evenly-sc nttered chromlte from the see
'37 / 

ley eln.:!. !·a. s, nan r.,uis Obisrio county, California.- column 

3?/ c. T• smith and A· B· Griggs, op. cit. 

3 represents sam"'.Jles from the sackforrn. bod_ies of the Cham ... 
38/ 

bers and Silver Lease deposits, Grant county, Oregon~ , 

38/ T• P• Thayer, op. cit •• PP• 96-98• p. 110, 1940. 

·---------..._......... 
1J nd from the evenly scattered c: nd sac '.: form bodies found at 

the custro, Froom. Rnnch, Middlemast Ranch, and. 1'ick: and 
39/ 

Shovel deposits, san IJuis Obispo county, California. -

39/ C• T· smith and A· B· Griggs, op. cit. 

------------·------ ---------
column 4 represents sam1Jles from the Iron Kine and an un-

40/ 
named prospect, Grnnt oow1ty, Oregon,- and from. a n. un-

40/ 'I'· p. Thayer, op. cit. , pp. 98-100, 1940. 

named prospect near Callnhnn, Cnliforni r:t, all typ:tcnl sack-

form rnnsscs. colunn 5 represents sa:;1pl0s fron tho 

schlieren-banded bodies of the Veta Grande, Veta Chica 

(Jurnbo}, Cerro Colornno, and NCJJtunc cloinw, IJ:cGuffey creek, 
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41/ 
.Siskiyou county,. California •. - col urrm 6 represents sam-

41/ - Ch A· Rynearson an<l c .. 11: ... EUith; op. cit..,, PJh 304 ... 
305 , 1940. 

ples of orbicular and nodular chromi t e from the Mary Lou 

and Black Spot claims, McGuffey creek, Siskiyou county, 

California .. 
421 

column 7 represent :-:: e. schlieren•banded or 

a.. A· Hynearson a nd c .. T. smi th, O:!J .. cit., Plh 30 11-
305, 1940. 

------·- -····------ ·- ····---- ---·------
fissu:refo:rm sample fro;::i the ~>eiad creek m:lne , ,sis!dyou 

43/ 
county ,. California.- column 8 r epresents a s amp l e from 

43/ - G· A• nynearson and c. 1r. smith, op. cit.* pp. 298-
:301, 1940. 

fissureforra ('?) bodies at the Sweetwater mine, San Luis 

Obispo county, California. 4,.1J 
------------ - -- - ·-·------ ----
44/ c. T· s rnith and .4.• B· Gri ggn , op . cit. 

Manganese increases in amount apprecia bly from depo-

sits believed to have formed e arly in the sequence to de-

posits which are so late in the sequenoe as to suggest in-

jections and perhaps replacement of duni te by chromium-

rich residual material. Although the manganese content of 

chromi t e from individual localities shows considerable 

spread , and makes impossible direct correlations between 

localities, the trend of increas ing manganese content is 
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unmistakable. This is the only element which suggests a 

constant increa se throughout the time interval considered. 

Nickel exhibits a u or v-shaped curve that, exclusive 

of manganese, is characteristic of nearly all the other 

elements investigated. rI'he niclr.:el content Of the chro

mite molecule gradually decreases i'rom the earliest crys

tallizing chromite to a minimum in the central part of 

the sequence and then rises to a content somewhat higher 

than the start of the sequence. Insufficient samples were 

investiga ted to determine to what factors this behaviour 

mi ght be due. 

'.Fhe rema inder or the curves are less significant. 

Each curve shows a minimlllll corresponding to the mlnir:mm 

shown by nickel and nt nearly the same position in the time 

sequence. However, cobalt, silver, sodium and vanadium 

shew less total variation in their curves than do the in

tensity ratios obtained from certain groups of localities. 

In the c a se of sodium. s.nd vanadium this is expectable be

cause under the conditions prevailing in the d.eterminatlon 

of intensity ratios, the sensitive lines for these ele• 

ments were so faint that accurate determin: tion of their 

intensity values was not possible. It is significant that 

although the v alues may be in error by a considerable a

mount, the trend toward minimum. vnlues in the central 

portions of the curves is present.. Titanium and tellurium 

show little variation and no particular pattern in their 
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curves, and their content is but slightly effected by the 

time of chromi te crystallization. 

Fi gure 13 i s a compos ite diugr am in which int ensity 

ratios of the elements investigated are plotted against 

cr2o3 cont ent of seven samples for which t his latter in

formation wa s available. rrhe S &ilpl e s are plotted in 

order of increasing cr2o3 content, r anging from 37. 8 per ... 

cen·t; to 54.85 percent. The r andom variations are obvious 

when compared with fi gures 4, through 12. 

Obviously, before conclusions c an be drawn, many ad

ditiona l sa:rnp l es should be i nvesti ga ted.. Dependi ng on 

the size of a deposit, between 5 and 50 samples would be 

required to substantia te the trends suggested by the sam

ples determined in t his investi gntion .. However, the 

curves for each element , although based on meager dnta, 

do suggest in the minor element content of the chromite 

molecule a regula r vari etion when arranged i n the time

crystallization se quence propos ed in this paper ; the 

vari ation is thought to reflect difference s in the con

ditions of deposition a nd crystallization . 
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ALTEHATION 

The gangue minerals of chromite deposits are commonly 

altered to the groups of miner~1 ls generally classed as ser• 

pentine. In addition, tremolite or hornblende, talc, 

uvarovite, and kaemm.ererite or kotschubeite are sometimes 

present. 

Earll sta1~ alteration 2roducts: Early alteration 

products are usually destroyed by some subsequent change 

in the rock mass. Possibly etched or rounded or resorb

ed crysta ls of early formed chromite may be preserved as 

early stage alterations , althout;h altera tion of this type 

is not usually a pparent in hand specimen. 

The principal alteratlon of uitramafic rocks visible 

in hand specimen is serpentinization. ~r.he serpentine may 

be green, yellow, brown, black or red and may or may not 

preserve the texture and structure of the ori ginal rock . 

commonly two stages of serpentinization are visible, the 

more abundant being the early stage s lteration product. 

Late veinlets of hydrothermal serpentine fill fractures 

and form cross-cutting stringers; quantitatively these are 

minor. 

Two types of serpentine are known. ·rhe first and 

more common type is colored green to black, has slicken

sided joint surfaces and waxy luster, and yields no clues 

as to its original composition or structure. The second 



type often preserves the structures and textures of the 

orig inal rock, is granular, and oom.111only colored brown to 

yellow or red. In some CE, s e s rocks tha t are completely 

altered to serpentine miner a l s are difficult to distinguish 

.from fresh or partially a lter ed rocks of sirr.d.ler ori ginal 

composition o.nd e s t i mation of t he degr ee of altera t i on i n 

hand s peeirnen is l a r gely a ma tter of experience. 

In thin section serpen-tine derived from oli 11i11e is 

commonly t he ant i gor ite vari e t y with occ asional vei nlets 

of chrysotile. All stages of conversion of olivine t o 

o.ntigorite may b e observed in the var i ous deposits, from 

the fresh olivine of t he "'.t win Sisters Range, ea st of 

Bellingham, Washington, t o t he ultramafic rocks of the 

santa Lucia Range northwe s t of San Luis Obispo, Cali f or

nia, in which textures are well-preserved, but no shred 

of original olivine rema ins. Where s erpentization is 

widespread and ha s not been loc olized by structura l con~ 

trols, chromi t e mineralization appea rs to be independent 

of the alterati on. s tructural controls ·which. localize 

chrolfl,i te deposition rii.a y t;end to +oea li ze l a ter serpen

tinization. Little alteration is observed on ohrorni te 

grains, serrate edges suggestive of resorption or re ... 

solution are found in a f ew loc a lities, but mos t chr omite 

gr a ins i n thes e loc ali t i es a re little e ffected. Platy 

pseudoraorphs of.' b osti t e a fter enstati t e a r e found , but 

often pyroxene is altered to anti gori t e, with no trace 
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of original pyroxene reIUaining. 

Late sta~e alteration uroducts: Talc, tremolite, 

uvarovite, anthapllyllite, and kaemn1ererite are secondary 

products found associated with chromite deposits; when 

present, they are commonly confined to minor cross-cutting 

fractures or post-ore shear zones. Tremolite and 

enthophyllite are usually developed during regional meta

morphism of chromite bearing zones. Uva:rovite seldom oc

curs in amounts sufficient to determine accurately its 

relation to associated minerals; kaemruereri te is alw~ys 

associated with chromite and never with olivine or pyroxene 

and is derived from alteration of chromite. Kaemmererite 

usually occurs HS fine ... gr ained smears along tiny fractures 

and eracks in chromite, although crystals nearly an inch 

in diameter have been recovered from one loc ality in 'the 

Klamath Mountains. In some aren~:i large masses of magne

site or other carbonates develo1), although few localities 

contain appreciable quantities of magnesite asr::ociated 

with chromite. 

In thin section late stage serpentine forms cross

cutting veinlets, the veinlets often containing minute 

amounts of chromite and magnetl t e. s ome chrysotile also 

occurs as small veinlets. 
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:3THUCTUm~ 

Chromite deposits are structurally complex. A.s samp-

45/ son-- has indicated in the clusr,;ifiootion referred to 

45/ I~· Sampson, op. cit., P• 111, 1942. -
earlier in this paper, similar structures do not necessari-

ly preclude dissimilar or i gins. stratiform deposits are 

not known in the ? acific coast region and these structures 

are ommitted from the discussion. 

structures of chrollite bodies may be discussed under 

three hea dings: first, structural rel ations of ore and 

gangue; second, size, shape, distribution, and structure 

of ore bodies; and third, deformation of chromite depo-

sits. 

structural rela tions 
of ore and ga ngue 

structures confined to ore bodies are of necessity 

limited. The simple mineralogy of chromite deposits re-

stricts variation even further, limiting structural con-

siderntions to features shown by olivine and chromite 

grains. severe.1 peculiar textures a re exhibited by near .. 

ly all chromite deposits, namely, linear and planar band-

ing, nodular patterns, and orbicular structure. s ome of 
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these structures raay have genetic significance, while 

others apparently occur regardless of the origin of the 

deposit in which they exist. 

Massive chr om:i.te: Chromi t e in a single deposit may 

range from accessory r; rains sc attered through clunit.e to 

massive aggregi:: tions of nearly pure chr om.i te. (s ee figure 

14). The nggrege tions a re comp osed of anhedra l gr a ins of 

chromite, nw.ny of the gr •1i ns comprisinc severa l crysta l 

units; a few indlvidual crys t e. ls of chromite are alwe ys 

found in .massive ore. 

Ev enly sc att~ chromite: EVenly scHttered chromite 

occurs spars ely distributed throughout 111ost ultrama fic 

rocks.. «Jhere it is suffj.cien t ly nbundsnt to -vmrrant 

beneficiation as an ore of chromiun1, the gr uins may be 

euhedral or anhedral, nnd may be included in, molded 

around or re1)lace olivine grains. Ahere evenly see. ttered 

chromite is a minor a cces ~· ory , it commonly shows euhedral 

outlines. 

Banded chromite: Banding is of common occurrence in 

chromite deposits; both linear and pla nar parallelism of 

chromite gra ins occurs, a s well as, linear and planar 

parallelism of pyroxene or ru~hibole crystals in dunite or 

peridoti te. 'fhe banding occurring on oertrdn surfaces 

due to the exposure of traces of these linear and planar 

structures is hereinafter refe r red to as linear or 



p. 61 

.P'igure 14 

·1 

I 
... 

.. , . ,... 
" 

Photomiorogre.ph of poliehed section of' .:mus
sive chromite from the schlieren banded 

and inj eo ti on typo de1;osi t on seiacl 
creek, Siskiyou county, Calif. 

1:.agnification approximately 
50 x. 

Photomicrograpl1 of polished section of mas
sive oh.:rom.1 ta from a st:u.lkf orm deposit 

near Auburn, Placer county, Calif. 
Magnitioation approximately 

50 X• 
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planar banding. 

The chromite layers or streaks consist of alterna

ting zones containtne v r1 ryine; amounts of' banded chro-

mi. te and olivine. Where '91nnar band inr: occurs the edges 

of the bands are sharply delimited, although, along the 

boundaries of the bands chromite grainf; are seen to cross 

cut the olivine grains, end someti r'1es olivine grains ;;>ro

ject into the chromite b et nds (see fie. 15a). r.rhe chro

mite bands are usually not more than a quarter of an inch 

wide but occasion.al zone s are found \vith alternating 

leyers of chromite and olivine as much HS several inches 

to one foot in width. Sincle streaks or layers are not 

continuous for more thon ftfteen or tv1enty feet, but 

pinoh out as f;inother layer a few inches to one side or 

the other reaches a maximum w1.d.th. In some cs.ses banded 

ore may grede into massive ore, which mo.y show a vague 

lineation or planar bendin.g. Elsewhere, banded ore may 

grade outward into evenly scnttered ore with linear 

structure, or directly into berren dunite. 

/Jhere pyroxene or amphi bole b .snding occurs, it is 

very similar to chromite be nd.lng: although the b2nds gen

erally are larger; sharp boundaries are common due to 

elongation of pyroxene and amphibole crysta ls parallel 

to the planar or linear structure of the layer. 

Nodular chromi ~: Chromite often occurs as rounded 

spherical aggregates to ':';hich the term nodular ore has 



Figure 15 

a 

rhotomic r ograph of thin section of 
chromi te band in dunite. Note 

i nt erlocking grains at edge 
of band. Il/fagnification 
approximately 25 x. 

b 

Photomicrograph of thin section of 
chromite nodule in dunite. Note 
euhedral grains at edge of 
nodule. Magnification 

approximately 25 x. 

p. 53 
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been given. The nodules may be perfect spheres but more 

commonly are ellipsoid.al, occasionally distributed in an 

orientation porallcling the lon,~; axes of the ellipsoids. 

They vary from. about 5 mm. up to 20 mm. in diameter. The 

nodules are embedded in a mntrix of serpentinized olivine 

similer to other ore types. The nodules have u rough sur

face formed by the projectinc edges of crystr.ls and crys• 

tal fa cos, although the variation bet".veen points on the 

surface of the nodule is small com.pared to tlle size of the 

nodule. (see figure l5b). I'yroxene crystals are some

times found occurring with nodules of chromite, and 

pyroxene may also show nodulcr form ·when occurring in this 

:manner. The oriGin of the nodular structure is obscure; 

the nodules m.ay result from crystallization of liquid 

globules produced by liquid immiscibj_li ty, or they may be 

the result of replacement of earlier f'orrned ;3tructures 

now obliterated. 

orbicular chromite: Orbicular chromite consists of 

a center composed of chromite cryste.ls surrounded by a 

shell of olivine, imbedded in a matrix of serpentine, 

chromite,. nnd oliYine. one or :more alternating shells 

of chromite and. oli v1.ne a re sometimes found between the 

center and outside of the orbicule.. In some specimens 

chromite interstitial to the orbicules is more abundant 

than chromite in the centers and. in such c eses orbicular 

rock is good ore. More often interstitial chromite is 
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rolxed with olivine and serpontine l:i nd is le s s abundant 

than the chromite in the cente r of the orbicule, and the 

rock is low g,radc . 

'l'he orbicules are som.et:i.mes upherical but more often 

are ellipsoidal or c ylindrlcul; tho:-r are comuonly about 

20 rnw .• long and from 5-10 mm. in clla1neter. Flattenin::: and 

elongution of the orbicules is p a rall e l to thf3 dl:p and 

strike 01' tho bund inr; in the chromite ·with whic h the or-

bicules are associated. occurrence of' orbicular and 

nodule.r ch:mmi tc toe; othe r suggests genetic similarity as 

also does their appearance in h und specimen (see frontis-

piece). 

The origin of the orbicular ore is even more ob-

h > d 1 t k 4e/ scure t an ti1e no u a :r ore. Many recen wor ers- have 

46/ lh Backlund- Jour. Geo!., vol. 46, PP• 339-396; 1938. 

P • Eskola, Jour. Geol •• vol. 46• PP• 448-485, 1938. 

Balyankin and Petrov, Min. Abstr., vol. e, P• 304, 
1935-37 .. 

Q. E. Goodspeed, A.Uler. Miner., vol. 27, PP• 37-4?, 1942. 

felt that orbicular structures are the result of replacemo.nt 

rather than a special type of crystallization as was previ• 

ously supposed. The writer is inclined to consider orbic• 

ulrJr chromite the result of replacement, but the orig inal 

structure which has been replaced is unknown. some oli-

vine in refrBctory bricks crystallizes in bladed rosette .. 
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like for.ms, but later inverts to the common granular crys-

talline mosaic; it is posslble tlrnt such rosettes may 

serve as ori g inal structures for replacement by chromite, 

giving rise to orbicular struc tu.res. 

size, shape, distribution 
and structure of ore bodies 

Evenly scattered deposits: Deposits of evenly scat-

tered chromite comprise the simplest types. Chromite 

grains, euhedral to anhedral, are dissemineted throughout 

a matrix of' fresh or serpentinized olivine. The chromite 

may be earlier than the olivine or may replace the oli-

-vine or may be crystallized contemporaneously. sackform 

deposits cornprising masses of' Ve:rying size are formed as 

the chromite gr a ins become more abundant. Gra detions 

between evenly sc attered deposits a nd all other types 

~:ne fairly coilllJlon and in some cases distinct boundaries 

are difficult to determine.. The outstanding character-

istie of this type of deposit is its lack of' significant 

structural features. such an occurrence is illustrated 

by the Seeley claims in the san Luis Obispo region. 

'1.1he seeley claims contain ore consisting of' fine-

gra ined chromite disseminated through serpentlnized dun-

i te which grndes outward into peridoti te. Gradational 

boundaries characterize the edges of the ore at points 
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where the contacts are not faulted; f'aultlng is post-o;re 

and pos t-duni te. ore widths vary from 50 feet to 1 foot, 

and little relation exists between width and grade. 

TWO productive zones are known and they are vaguely 

delimited. The western ore body is a broad zone trending 

N• 60° w. as much as 50 feet wide, and carrying about 10 

percent of chromite disseminated in dunite. Tunnelling 

beneath parts of the best surface outcrop failed to dis

close any ore. The eastern ore body comprises t 1vo na rrow 

zones of evenly scattered chromtte in serpentinized dun

i te separated by G band of peridotite. Tb.e expos ures are 

11.mi ted and the bound r:i ries of the ore body are unknovm. 

~3Chlier~ br;mded deposits: SChlleren bandinf;; has 

been invoked by many authors to explain the layered, 

linear, stres.ked struetures observed in many chromite de

posits. The streaks, and l a yering of chromite in dunite, 

are supposed to have resulted :from flowa ge in still 

plastic ma gma after crystallization of a l a r ge pert of 

the constituents. Al thou7h such f'lo w structures are g en .. 

ern lly well-develoyJ ed only near th e rn .c: r gi ns of intrusive 

masses, ma ny chromite deposits occurring in the centers 

of intrusions exhibit similar features. 

Drag folds, and other minor flexures, indicate that 

movement prob8bly takes :91a ce in a relatively viscous 

mecHum; dimensionr,: of the folds ::n-·e commonly measurable 

in inches r nther than feet and seldom exceed two feet 
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from limb to limb . These primary flexures may sometimes 

be confused with l ater defor.mHtion wh ich usually results 

i n l arger sc ale effects. 'I1he s chlieren banded deposits 

are characteri zed by a l aek of continuity of strea ks and 

layers in all direct ions , with their leng t h being from 

ten to one hundred times greater than any other dimension; 

an avera g e stree. k .mi g~1t be 10 feet long , ~1 inches wide a nd 

less than El foot thic k at its maxi mum thickness. 

s chlieren banded chromite layers are often connected by 

evenly sc attered chromite ore ; ore bodies formed by t h is 

proc ess a re often low gr Ade e nd e xtreme l y v uria ble . En 

echelon pa ttern£> a re known, but t his s tructur e is more 

often developed in othe r types of depos its. 

s ackform deposits: sackf orm depos its t og ether with 

the strati form types furnish the bulk of the world 's chro

mite production. The rounded, irregular masses are usual

ly found in r a ndom orientations , much as r a isins in a pud

ding. occasionally they a re grouped in clusters in ill

defined zone s such as at San Luis Obispo, California ; 

sackform mas s e s occur les s frequently irregularly distribut ... 

ed a long e as ily recognized fracture pa tterns. In the 

:Pacific coast region the s ackform d epos its compris e t wo 

types: depos its found in completely serpent:i.nized dU..'Ylite, 

a nd deposits found in fresh or only partially a ltered rocks. 

The sackfo.rm. deposits f ound in serpentine usually have 

slickensided surf c.1ces, a re small, conurronly cont a ining less 



than 100 tons of massive chromite, and have apparently 

formed without recognizable structural controls. The 

si ze of the ore body bears little relation to the extent 

of the serpentine mass in which it is contained, although 

the very large deposits are confined to the larger intru

sive masses. It seems proba ble thEt, in some cases at 

least, the structures that controlled the emplacement of 

the sackform deposit have been obliterated by serpentini

zation. 

r.rhe sackform deposits found in the fresher rocks are 

often bounded by shear zones or faults, but it is question

able whether the shear zone loc olized t he ore body or the 

ore bOdy loc ali zed the shear zone. In nearly every c ase. 

linear or planar banding is also present resulting in 

grede tions from this typ e into deposits of the schlieren 

banded "c;ype. 

Deformation of chromite deposits 

Evenli scattered deposits: Deforma tion is recogn i z

able in evenly sc a ttered deposits only where sufficient 

concentration of chromite h a s taken place to permit dis

tinction of one part of the :mass from another. }iJ'olded, 

crushed, and sheared chromite a.nd dun.ite ere found; 

oftentimes, loc a lization of the chromite a nd loca liza tion 

of' the effects of stresses c ausing deformation ha ve co

incided in space if not in time. The Ca stro mi ne near 
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san Luis Obispo, California, is a deposit of e~enly scat

tered chromite which has been deformed by landslidi ru.:; , 

f aulting ond shearing . 

The ore bodies at the Castro mine are e xpo sed by four 

large open cuts, severa l bulldozer trenches, and four 

levels of underground work ing s (see Plate IV). rrhe upper 

cut, oper ated as a glory hole. h as produced most of the 

tonnage shipped. The underground workinf s and bulldozer 

trench1.'.! s were made during t he exploration program con

ducted by the u. s. Bureau of Mines in 1941. 

r_rh e chromite occurs ns rounded to angular grains dis

semJ.nc: ted in a serpentintzed matrix. The chromite is very 

uniformly dissemi n.s:lted and clot s of mass ive chromite or 

pa tche s of b arren serpentine within the lenses are rare. 

The bound aries between ore and gangue ere sha rp; 

barren serpentine Ht the cont act usually forms an intense .. 

ly shea r ed shell. The rock witb.j_n the or e bodies is not 

sheared but is fra ctured, at some pl a ces highly so. 

Fra ctures are usually f' illed with opaline or clay-like 

ma teri<il resembling fault gouge, but no measurable dis• 

pla cemen·t;s were noted. 

1rhere a re six separate ore bod J.es e xposed a t the 

Castro mlne. 1:hey are t abular to lenticular in sha pe, 

nearly fl at in a ttitude, a nd elonga ted in a n ea st-west 

direction . A landslide has a pparently d i splaced the two 

westernmos t bod ies, dropping t hem A.bout 50 feet and moving 



them about 150 feet to the west. Serpentinized dunite 

envelops the bodies except in a few isolated places 

where ore is ln contact with serpentinized peridotite or 

di a basic inclusions. 

•.rhe lov;er o:re bod.y is by f a r the larger and has more 

of a t abular f orm tlrnn 6 ny of the others . It is cut near 

its northern boundary by a steeply dipping ser.i:>entinized 

dunite dlke, 2 to 5 feet thick, striking l'h 65° .v. That 

portion of the ore body on the southwest side of the dike 

is dropped 3 feet. 

schlieren. banded deposits: Deformation in schJ.ieren 

banded d.eposi ts is conm1only cha racterized by faulting or 

shearlng * Individual faults may shovv small displacem.ents, 

:;ut net displacement of a sinc le unit may be large due to 

additive effect of parallel or en echelon fractures. De--

tailed studies of f aulting in chromite deposits are com-

plic :s. ted by the presence of well-developed joint systems 

in the country rocks, e nd the f ac t that any fra cture in dun-

i ta is commonly £~ ltered to serpentine; as a result surface 

traces of faults e re alrn.ost i uro ossible to differenth:te 
'· 

from minor joints or secondary fn:ctures. 

sackforrn deposits: Deformat ion of the sa al~form de

posits yields very c om.plex structures. The simplest of 

these are vei n-like shear zones cont aining crushed and 

trunaported chromite which extend outward from the main 

ore bodies a long the shear zones. As faulting and 



p. 62 

shearing increases in intensity, ori glnal structures may 

be completely obliterated, and former rounded equidimen

sional bodies may be elongated and narrmved until they 

appeer veinlike. .l~ typical example of this type of de

po s it is the P ick and Shovel Mine near San Luis Obispo• 

California. 

r.rhe Pick and .Shovel mim.; is developed on four levels 

of underground workings. '11he most importent ore bodies 

have been worked from the 2nd and 4th levels, with the 

largest extending from nearly 30 feet above the 4th level 

down to the ~3rd level t a di sta nce 01' about 40 feet. The 

accompanying plan of the workings indic ates clearly the 

hapkazard distribution of the ore bodies. (see fig . 16). 

Most of the ore consists of lenticular hi gh grade 

bodies of chromite so cttered through completely serpen ... 

tinized dunite and peridotite,. although all grada tions 

occur between chromite gra ins disseminated in serpentine 

and massive high g r Gde pods which contain little or no 

serpentine. 

r ost•ore shearing has developed long n <::\rrow string ... 

ers of ohrur:dte which have formed at the expense of' high 

grade pods, On level No. 2 a. high grade lens eontaining 

nearly 1000 tons of massive ore has been mined out. and 

extending in uither direction along shear zones which pass 

through the lens, smaller pods tHld crushed ore have been 

mined for a distance of more than 100 feet beyond the 



main o.re body. 

Faulting may al so deform sackform deposits al thou gh 

corrunonly, they t end to act ci s but t resse s for stresses, 

forcing f auJ.t lines around t heir edge s r<;<ther than yield-

ing easily. 

Interpretation of deformatlon in s ackform de posits ls 

particularly difficult si nee r eference beds or zones 

are limited. 'l1he ::nonmuineralic character0 or the dunite 

makes recognition of structural features, by me n ns other 

than the ore bodies themselves, uncertain. 

Fissurefor.m (leposi ts~ Fissureform deposits are 

among the most controversiol types recognized a t the 

pre sent time. They nearly always occupy a f nul ted zone t 

oftentimes being faulted o:r sheared after the emplacement 

of the ore. The only depo sit in the writer's experience 

vv-h ich approaches the conditions required of this type 

is the Sweetwater Mine in the .Santa I.ucia Range north• 

west of the San Luis Obispo, California. 

The mine workings at the Sweetwater 1'1ine comprise 
0 

five open pits alined in a N• 60 x. direction over a 

distance of 325 feet, five tunnel l evels below and to the 

north of the p i ts, and a tunnel connecting the t wo eastern-

mo st p i ts vri th a eras s-cutt ing adi t from this tunnel to 

the curfa<!e. The overall length of chromite outcrops in 

the \.'IOl'kings is 600 feet over a vertical range of' 1 ;:.o 

feet. There are 1400 feet of tunnelling and five small 
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stopei:.~ from which chromite has been extrncted. (s ee 

pl. v ). 

'rhe chromit e ore occurs a~:; irrecu.hir masses, strea ks 

{ sorn.e due t o po :; t-minerr.11 movement ), sma11 clo ts , and dis 

crete gralns. rphe rnineable ore bodies are connected by 

gr c::ins :> nd small clots of evenly sc ;::, ttered chromi te . ore 

boo.ies are e lonc;a tecl ni.:.rrow bodies conte inlne; from loss 

thnn one hundred u p t o E>everal hundred tons of I\UH:;si ve 

ore.. n emnant s of the e xtrr e ~. ed masses grade abruptly into 

b arren rock or cUoseminnted ore. 

The ore benring areas nre contained vd thin :::. mass of 

serpent:i.ni zed duni t e which is s urrounded by peri doti te; 

the duni te occurs as an elongated, irregular body whlch 

has a northwest trend. Th r~ ore bearing a rea s are further 

restricted to vngue'ly defined shoots within the (]un:tte. 

rl'he long axes of these shoots strike N. z5o w. and pitch 

from 20 to 25 degrees to the northeast, nnd lie in nn en 

eche lon pettern. Two of the shoots arc exposed in the 

underground workings with their upper end s cropp:i.ng out 

at the s urfec e . ;;ossi bly two r:::.or e ore exposed in the mid

dle pits. Th e or e shoots found in the underground working s 

ce n be traced almost continuounly over a 200 foot, r anee , 

and there is no indiC Rtion tha t they do not continue in 

depth. 

The ore shoots ar e irrecular and there is a ~i de 

va rie. tlo n in the i r ch romi t e content. '.~'h ey are wt de st 
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adjacent to high e re de ore bodies, att13ining thicknesses 

of 30 feet; they m-i.rrow r ap idly to widths of e few feet 

between stop e s , in some places a lmos t pinch:tnc out. The 

dunite enclosin .. ~j these shoots may cont a in small amounts 

of chromite, but it is genernlly bt:i rren. 

L~eny di eb nsiu inclus:tons e:ce found in the ore ond 

surrounding rocks. They he.ve no g enetic relntion to or e 

bodies, b ut the y are cut by ore stri nr;ers or may occupy 

c. recs 'Shieh rai c·ht othervdse be solid ore. (see fie. 1'7). 

Dhear:inc of both chromite and dunite is evident 

throuchout the deposit; the trend generu lly :-iar a llols the 

ore zones. This direction is elso t he trenci of the larg

er s t ructura l feLture s of the Santa Lucia Runge . 
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OH I GIN 

Hypotheses concerninc the origin of chromite de:)osi ts 

have long presun ed thu t chromite orizine ted early in the 

magmGtic star:;o ~ etn.d thut .further concentration took place 

by esucn:Li.a lly rnechc::nic f; l !novement rather tha n chen1ical 

renction. 'l1he clas [~ ic:~l magma t ic segregation theory s;ro• 

po~rnd by Vogt~/, sssumed thn t chronite crystoll:l ?.ed early 

£/ J. H· L• Vogt, op. cit., PP• 384•393, 1894. 

in e.n ultram.ufic rn&2;i:aa c1 nd t.hc.~ t _ th("J de3)osi ts accu.mu.luted 

by crysta l settlinf;, asc lomeration, and gr<:evitative dlf

ferentiation. snmpnon48/, and :ti oss49/ polnted out certaj_n 

46/ E• Sampson, op. eit., pp, 632 ... 641, 1929. -
!!/ c. s. Ross, op. cit., pp. 641 .. 645, 1929. 

features which seem to be opposed to this view: samp~on 

showed that chr01ni te from stratiform t~rpe depos:tt~-i crys-

talli~ed ufter oliv:i.ne and in many cases was h >. ter than 

bronzite. Re also po:tn :::. ed out the occurrences of ohromite 

in C011i_~lom.er u te in the SelUkwe district Of Southern 

Hhodesia. He interpreted t,he corrr<non association of more 

intense ser:pentini zation acco2:1panying chromite vei nlets 

to me an the. t the chroml. te was introduced with the ser-

11'.::mtine. Hoss, from chrorn.iu.n1-bearine ultrwnafic rocl-;:s 

near debster, North oe.rolina, illustrates by chemioEil 
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analyses that chromium is earried in l arge amounts in 

later pyroxenit es, but that earlier dunite with which 

ahromi te deposits are associated oont!iills little or no 

chromium. He interprets this relation as indication that 

the ~rigina.l du.nite was not chromium-bearing and that the 

ohromite was introduced i .nto the dunite from the later 

pyroxenite. Xn 1929 Fishe~, published a pape~ on the 

origin of chromite deposits, dividing them into three 

groups, early magmatic, late magma.tie. and hydrothermal 

based upon the period of formation of the chromite. 
51/ Bowen- develops a prooese combining sueceasive frae• 

. 51/ N ~1 L . Bewen, \l'he evolut .i.on of the igneous roc~s. 1928, 

tio:na.1 crys~a.llization with continuous ltemoval of crystal

line produats. and. reaetion with liquid of' constantly 

ohanging oomposition to obtain loca.l aoeumulat1ons of 

ehromium•rioh spinel crystals. 

Nearly every idea presented has presumed to su.b• 

divide the magmatic process into a series of more or 

less diseonneated stages, with little regard for the man• 

ner in whieh the magma attains the various conditions postu• 

lated. Although :Bowen's hypothesis is a.s rigorous as poe• 

Sible with the laboratory data available, the field rela• 

tic:ms of many of the chromite de :>OSits present evidence not 



not compa tible with the la bora tory results. An attempt to 

indica te such evi.denoe is em.bodied in the followj_ ng section. 

Field relations of chromite deJ)Osits: More than 95 ..... -
percent of th o chromite deposits visited by the writer were 

found in dunite or serpentinized equivalents and even where 

enclosed in peridotite they usually were surrounded by a 

shell of dunite. Aecordinc to a survey of published 

literature, the constant association of olivine ~:i nd chro

mite is almost universal, with the possible exception of 

the stre ti form deposits. A fev1 deposits sllow structural 

loc alization within the dunite mass which is interpreted 

as evidence of injection of the chromite into the dunite. 

Much of the chromite of many ore deposits is clearly 

later then the olivine, either including olivine grBins, 

molding 1 tself around them., or replacing them. This fea-

ture is in accord with Bowen•s hypothesis for the forma• 
. 52/ tion of spinel in igneous rocks-- • This hypothesis 

52/ N• L• Bowen, op. cit. , pp. 2'77•281, 1928. 

postulates tha t the first crystalline phase to a ppear is 

either b 1.J sic :plag ioclase or oli vi n.e (assuming a parent 

basaltic ma gma} which settling to hotter portions of the 

charrtber reacts to produce spinel. 

The presence of hydrous, secondary min era ls such as 

talc, kaennn.ererite, and less common chromium bearing altera-

tions demonstrates that chromium is mobile and can be 
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carried in small amounts in hydrothermal solutions. Lack 

of baking, recrystallization , metamorphism, etc.; along 

contacts of ultramfic rocks and adjacent formations, is 

interpreted to 1:iean that temperatures of the masses 

when intrude& are no greater. and apparently have less 

effect than those accompanying the intrusion of, for 

example, a thick basalt sill. 

In the seiad quadrangle portions of the peridotite 

mass are intruded as rather flat lying sills along planes 

of schistosity or along gneissic structures in an older 

diori te. Where the contacts are flat or dip less than 

50 degrees, the contact between peridotite and diorite 

consists of alternating layers of the two rocks, rang

ing in width from a few inches to more than one hun-

dred feet. The lack of recrystallization, except in the 

smaller diroite bands, and the wide diversity in com

position of the two rocks suggests simple intrusion 

by a fluid olivine liquid or melt. Similar etructures 

may be seen in many of the other ultramafic areas of 

the Pacific coast region, and all the field evidence 

seen by the writer indicates that the ultramafic masses 

were intruded as liquid magmas and not as pasty aceu• 

mulations of crystals. 

The various relations outlined are most easily 

interpreted by a ssuming the existence of a parent 

peridoti te magma which contains. olivine-rich portions; 
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the field occurrences see.m to indicate that chromium from 

the parent peridot:i.te magma is concentrated in the olivine-

rich fraction., 

rrhe ensuing section is devoted to a consideration 

of the l a·ooratory data b ea ring on the existence and be• 

haviour of' an oli vine•:rieh fraction of a peridoti te m.agrna* 

Experimental data ££ olivine .. rich liquids: Experi .... 

mental data indicates that anhydrous melts containing 

olivine; a little pyro xene; and traces of oxides, must 

have completely crystallized above a minim.um temperature 
53/ 

of 1200 to 1;.300 degrees centig:::>a.de-- • :r1ecent v1ork by 

N• 1,. Bowen and J. F• schairer, .A.mer. Jour,. soi., 
vol. 29• (5) 1 PP• 151~217, 1935, 

r:,~/ 
Goranson-- has indicated that small amounts of water 

54/ - R• w. Goranson; Ji.mer. Jour. s ci., vol. 35· A, PP• '71-
91, 1938. 

(less than 5 pe rcent by weight) can cause a decrease in 

the freezing point o:r albite by as much as 200 degrees, 

with a aonsiderable increase in ) res sure in the system. 

rn an olivine liquid this amount of water in the system 

would result in .,-'ro bably less than 20 percent serpentine. 

considerations of relations in the quaternary system, 

FeO•MgO-iU.
2
o3-sio2 , are limited to inferences drawn trom 

55/ 
the analogous system involving Cao instead of MgO-- , 

55/ - J. F. sohl;lirer, Jour. Amer, c er. s ociety, vol. 25, 
PP• 241-274, 1942. 
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and estimates made from the ternary systems comprising the 

faces of the tetrahedron of the quflternary system. compar• 

E!I 

56/ 
the cao-Al o -sio systems-- ~ 2 3 2 , 

R· B• sosman and Olaf Andersen; composi tion-'remperature 
Phase lGquili br:ium Diagrams of the Refrac ... 
tory Oxides, .Research Lab, u. s . s teel corp., 
oet., 1933. 

it may be observed that JWgO does not f'orm the numerous 

solid solution series and intermediate compounds exhibited 

by Cao; thus the s:pinellid field which is so large on the 

FeO-Al o -sio side of the tetrahedron, might be expected 
2 3 2 

to extend over a large portion of the tetrahedron and fall 

very close to the Tt'eO ... MgO-SiO., face. (see figure 18). In 
(;,, 

nature this fea ture is substantiated by the occurrence of 

spinel group mrtnerals in peridoti te.s when the bulk com.po-

sition of the. pGridotite canno't exceed at most 2 percent 

of Al2o
3 

• 

Inferences of the crystallization relations within 

the quaternary system, FeO•MgO-Al o •SiO , indicate that 
2 3 2 

from a liquid containing approximately 25 percent of py-

roxene, 75 percent of olivine, and accessory amounts of 

oxides. an olivine ... rich mass cannot be obtained without 

some fractionat 1oi:.. 'The first mineral to crystallize 

is olivine followed by spinel and finally at an eutectic 

point pyroxene separates. If equilibrium conditions 

are maintained to the end 1)oint other phases may ocau:::-, 
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but seldom is equili briura attained in nature. consequent-

,ly, fractionation of the crysta llizing liquid will le a d in 

one portion of the ma@'_,n-•.._q to concentrations of pyroxene in 

the residual liquid in excess of t he ori ginal 25 percent; 

and in other portions to concentrations rich in spinel. 
57/ 

Greig-- has shovm that mixtures having a ferrous-ferric 

57/ J. W• Greig, Arner. Jour .. sci., vol. 14; pp. 473 .... 434, 
1927. 

iron r a tio of about 1:1 are immiscible with silicate 

liquids over a rang e of compositio ns extending from over 

90 percent of silica to less than 30 percent of silica. 

Although sma ll amounts of t1 l umina destroy this immisci-

bility, wh ere t he ferrous-ferric iron r atio is about 1:1 

a minim4.ril of at least 6 -oercent of Al O is required. 
'· 2 3 

..ti..nhydrous melts indicate limiting temperatures of about 

1650 ° below which inunisci bili ty does not occur. However• 

the temperature-boundary curve declines as the concentra

tion of :ire o 
2 3 

investigated. 

increases over the range of ccrnposi tions 

In this system, FeO-Fe o
3
-Al Or;:-SiO , 

2 2 "'} 2 
cornposi tions over 50 percent of Fe

9
0,,. were not studied 

~ .., 
because of experimental restrictions. 

rt seems p robable that concentrations of er O in 
2 3 

the amounts found in chromite might el so result in im-

miscibility in liquids rich in the sp inel. Thus, with 

fractionation, parts of the liquid rich in s pinel would 

begin to break int o t wo liquids one capable of preeipi• 
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't.ating large a:m..ounts of chromite with minor amounts of 

olivine, rmd the other performing the reverse function. 

Should fr ootionation p roceed toward a pyroxene .. rioh 

liquid; no irn.i.ni.seibili ty would occur since the concen-

trations of er . O would al ways be small in these liquids• 
2 3 

In the foregoing statements fractionat,:ton is govern• 

ed by a number of factors, among thein, temperature; pres• 

sure* movement of liquid, settling of crystals• rate of 

cooling, etc. BY variation in the above :factors; the course 

of fractionation is determined. Thus we see that by frac-

tionation ports of the nw ss will preQip1 t~te chro:mi te 

far :i.n exeess of the bulk composition of the rockt and 

pm· ts of the liquid adjacent and associated with this 

chromite-rich part will precipitate olivine in excess of 

the bUlk composition of the rock. In other parts of t h e 

magma which are relatively chromium poor, :pyroxene will 

be p resent in a bout norrt.tal bulk compos1 tion associated 

with olivine in slightly lesser amounts than its tl.ormal 

bull< composition. 

Hypothesis for the origin of chromite deposits: 

As the olivine ... r:leh, chromium•ri ch liquid crystallizes 

under perfect equilibrium cond.itions, it is subject to 

many variables which :may promote a pseudo-stratification 

of the various compenents, The layers might be olivine 

with a little chromite at the bottom, followed by a 

ehromite•rioh portion of variable thickness; olivine 



with a little ehr~m.1 te mi ght comprise the overlying l ar ger 

part of the ma ss, and, if present,. a smell am.ou:nt of py• 

roxene might form. an u.pper:mo~t layer. The stratit'orm 

deposits e:pproaoh rather clo sely these ideal oonditions, 

although they torm from a magma of q~ite 41tfe:rent eompo

ei tlon-. It is to be emphasized that th is type of crystal• 

lization would occur only if equilibrium is me,intained 

until the mass is nearly solid; and if the forces aeting 

on the magma are rest.riQt.ed to gravity and the action of 

slowly declining tem:pereture an d pressure. 

Obvi.oumly, the position of the l a rgel" masses or 

ultramafie rocks within the cores and in tlae stru,ct~rally 

active .POl?ti.ons of mountiain messes preclude the poss ibil• 

ity that such ideal eonditions will be ma intained tor any 

period of time. r_pn:ts pap er a ttempts to evaluate the 

conditions continuously 0pereting in the mag:matie chamber, 

and in the light of salle ot the deposi te described relate 

them to certs.in time intervals in e continuous magmatic 

oyele. 

The ce;Hnp onents of the magma before crystallization 

begins may be interred from the crystalline mess te be 

approximately 40 percent Mg0 1 15 to 20 percent F~O, and 

40 pereent sio2 ; less than 2 percent cr2o
5

• and smaller 

amounts of Al o~, Mno, Tio. " an<i oao .. are also probably 
2 ""' . 2" .. 

present. r.rhe amounts of the latter elements are so small 

that they re.rely, if ever, form minerals, but are simply 



earried in solid solution in the .major minerals. olivine, 

enstatite, and chromite. Water is. e ertainly :present, but 

in indeterminate a.tnount .• 

56/ _....., . 

58/ 
Harker- has pointed out that for crystalliza tion 

A11 Harlter, Nat. History of Igneous Roe.ks, pp ~ 209 ... 
227, 1~09. 

to begin in a liquid magma, oo me degree o.f sup et-saturation 

with respect to one of the constituents raust tak e place. 

However, the degree of supe :rsaturat ion da'terrnines the 

number of centers of erystallization which may form., and 
. . 59/ 

aa Harker- points out i since olivine stands h i gh on 

the lls.t of minerals i1;l pow.er ot spontaneeus oryst alli• 

zation, probably little supersaturation would ooour; 

thus few centers of crystallization would f'orm in a mass 

which was precipitating dominately olivine and continued 

erystallizatioa might possibly give rise to la~ger liquid 

residua in a magma chamber than would occur with, for 

example, plagiocla::1 •H (see figures 19 ... 24). 

Ftguree lt through 24 represent an attempt to illtu1-

trate the di st;ributie?n o:t' crystals end liquid in sueo~ssive 

stages ot crystallization in a duni te magraa. :rr:acb raure 

represe-nts an hypothetical sa etion throu.gh. a small portion 

ot a magma chamber. The section$ rep:re sent approximately 
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one-half mile of length and a 1000 feet of depth. They 

do not illustrate any known occurrence. and must be re

garded as purely diagrammatic. 

The first crystalline phase to appear is olivine of 

high magnesia content; the crystals may be so l!Ilearly the 

same gravity as the magma that they 9robably remain 

suspended in the cooler portions of.' the magma or move but 

short distances from the area where they originally sep• 

arated. If the :magma were ra11idly chilled at this point, 

by any means whatsoever) the resultant mass would be a 

peridotitic body with accessory chromite and pyroxene 

distributed relE:.tively uniformly throughout the mass. 

Large areas in the Kerby quadrangle and in curry county~ 

southwestern Oregon, appear to have crystallized under 

these conditions. 

If equilibrium conditions are maintained for a long

er period, more olivine will continue to crysta llize and 

the residual solutions will become slightly more enriched 

in chromite. (See figure 20}. If chilling takes plaee 

during this interval, :par t of the mass will be slightly 

enr:i.ched. In local areas, if fractional crystallization 

has proceeded far enough, clu'omite might become immiscible 

in the silicate portion and small pods and concentrations 

of higher grade material might form. This type of deposl t 

is common in the intrusives of the coast Ranges of Calif

ornia,. rrhe deposits of the Twin Sisters r an ge east of 
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Bellingham, Washington, may also belong .in this type. 

~Vhen an additional but indeterminate omount of the 

mass has crystallized as olivine, separation of chromite 

may begin; chromi.te and olivine probably crystallize 

simul ta.neou sly thrl..)ughou t most of the remainder of the 

cycle; at first, at least, in euhedral to sublledral 

forms; in those areas where local co ncentrations of oxides 

may build u p high enough t.o g ive liquid i :m.misci bili ty 

under the proper temperature and pressure condit. ions, 

crystallization of olivine mlght be inhibited. Hhen the 

magma reaches approximately one• quarter solids tempera-

ture differentials may begin to be apprec:i.able through-

out the mass; 60/ me nsurements- of the thel"lllal conductiv-

60/ F· Birch, Ch s. A• Special Paper 36 t PP• 243-266, 1942. 

i ty of a few roe ks and minerals and a limited number of 

corresponding liquids indicate that the flow of heat in a 

crystalline mass exceeds the :f'low of heat throu g h a liquid 

of similar ccmposi tion. 'rhus, free or uniform exchange 

of heat m.ay be inhibited by the ooexistcnce of crystalline 

and liquid portions in the mae..matic chamber. (see figure 

21). Locally, small reaction syste:m.s, more or less insu-

lated from one another, may arise and reaction or resorp• 

tion of earlier formed crystals and liquid may occur, 

because the crysta ls are no longe:r. in equilibriwn with the 

liquid. If chilling should occur :tn this interval, pods 
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and segregations of chror1 i te would result in the areas 

where the residual liquids were concentrated. 'rhe ore 

bodies vrould not necessarily be com:posed of nasslve 

chromite• unless considerable i1iHisc ibili ty or ra.o.rked 

fractionation had occurred, but might be disseminated, 

perhaps streaked or schlieren banded 11 should movement 

accompany ~he chilling. chromite grains from the same 

zone could. be euhedral, su bhedral, and anhedral, depend• 

ing on the time at w.h ich they crystallized and might show 

numerous anomalous relations with the accompanying olivine. 

several deposits might be grouped in this classification; 

many of the sackform bodies near San Luis Obispo, Califor

nia, such as the ore bodies of the Norcross, Castro, 

Trinidad, and New 1.ondon deposits. The Chambers Mine 

near John Day, Grant county, Oregon, possibly also 

belongs in this group; ore from parts of the I;1cGuffey 

creek deposits, near soott Bar, California, shows folding 

and flow banding which may have formed during this stage. 

AS crystallizati::in ~) roceeds to the point ·where ro.ore 

than 50 :percent of the mass is crystalline, heterogeneity 

may be far advanced. (see figure 22). some parts of the 

mass possibly consist of 011.vine crystals v:ith little or 

no residual liquid; other ~arts may consist of olivine 

crystals with chromite more or less sparsely distributed 

throu gh the olivine, and occ<:isional arens where residual 

liquids little concentrated in chromite might remain; 
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FIG. 19 FIG. 20 FIG. 21 

FIG. 22 FIG. 23 FIG . 24 

FIGURES 19 - 24 DIAGRAMMATIC SKETCHES ILLUSTRATING THE SEQUENCE OF CRYSTALLIZATION 

IN AN OLIVINE- RICH LIQUID CONTAINING CHROMIUM 

OLIVI NE - RICH LIQUID OLIVI NE CRYSTALS . (IN F IGURES 21-24 INCLUDES ACCE SSORY CHROMITE) - CHROMITE -RICH MASSE~ FAULT OR FRACTURE ZONES 
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finally, some are as mi ght conta in larg e port ions of the 

remaining liquids, which, had fractionation r) roceeded 

far enou gh, or conditions favorable for immiscibility 

been in existe nce long enou g)l, might force the com.posi

tion of the solution far over into the sp inel field 

(see figure 18); in this aase the liquid vmuld be capable 

of precipitating only chromite and resorbing olivine, 

or perhaps m.:i.ght preoi pi tate do minately chromite with 

olivine separating with the la test formed ma teriel in 

only negligible amounts. s hould chilling occur in this 

interval, in ohranium-rich residua l portions rn.assi ve 

pods might form; i:f' the pods formed from residual solu

tions in vvhich little or no liquid lrn.miscibili ty had occur

ed and the concentrations, p reBsur e; and temperature 

were favorable, they would quite likely be bordered by 

evenly scattered chromite; however, if considerable 

1:mm.iscibility had occurred with the resulting differences 

in concentration, pl:•essure. and temperature, the masses 

might be sharp walled and the surrounding dunite contain 

little or no evenly scattered chromite. The remainder 

of the mas s would appear much the same a s before except 

for additional concentrations of chromite in local areas 

with resultant ~rcity elsewhere. It seems possible 

that some of the ore bod :les of the Pillken Mine, near 

Auburn, California, as well as m.any of the c hrcmi te 

deposits of the entire Foothill belt of the Sierra Nevada, 
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may belong in this grou p. 'l'he }?ick and s hovel M:ine, 

in the Dan Luis Obispo region. col:tfornie , may nl so 

contain ore bodies of t h i s type. 

If cr ystnlliza tion proceeds from r el a tively fe w 

centers in the mag .. rna chamber as illustr a ted in f i gures 

19 throu gh 24, until t he mas s e xceeds more than 50 per• 

cent of s olids, external stre sses other t ha n thos e a ff'ect• 

ing pressure and tempe rature, p robably have . little effect 

on the conditions of deposition of the ohromite. However, 

when the ma ss a pproaches 65 to ?5 percent ·or crystallin-

1 ty, at least portions of the rock may be sufficiently 

competent to .fracture rather than to yield by flowage,. 

The fra.ctuxes JJjEJ.Y be discontinuous because some of them 

possibly still have liquid intersections. (see figure 

23). After fracturing is possible in the magmatic chamber, 

any stresses which induce fracturing may also induce 

movement in the residual solutions since the rigidity 

of the mass possibly forces the l. iquid are as to aet 

independently much like s:nall intrusions; thus. a s these 

movements t a ke ]Jlaee p 2.rts of the mass may have the 

residual s olutions injected into the traotures perhaps 

locally for considerable dista nces. s inoe much of the 

fracturine may possibly be induced by external s t resses, 

the injected zones n i ght be rou ghly parallel to reg ional 

features surrounding the intruded area; however, the 

structural het e rogeneity of crystalline and liquid areas 
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coupled with a lack of complete competence induced by 

such heterogeneitYt might yield large local variations 

in the trend of fracture patterns. 

Under the conditions postulated, many of the injeeted 

areas rn.ight show no feeder veinlets, and :might have defin

ite tops and bottoms, since the supply of available 

liquid is much restricted compared to the size ot the 

mass into which it is injected; obviously, the presence 

of large liquid residuals will inhibit the development 

of fractured zones. 

If chilling occurs during this period, the mass 

may exhibit nreas of early crystallized dunite with l:tttle 

or no chromite, local areas containing smnll clots and 

schlieren of chrami te with -ace essory amounts of d.i.ssem

ina ted or f~, and more localized areas \~here a few larger 

liquid residuals possibly were injected into fracture 

zones and in same cases mi ght h ave developed ore bodies. 

The ~; eiad creek chromite de:posi t in the Ylamath :Mountains 

is thought to represent a deposit developed in this 

manner; the sourdough Mine in curry county, southwe stern 

Oregon, may <.01lso be of this type,. 

As additional crystallization occurs, only the 

larger liquid residuals will remBin, since they will 

be the on1y parts of the mn ss retain:i.ng enough heat to 

inhibit complete solidification. (see figure 24}. 

Thus, the final stages of co uling in the magma Hd ght 
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possibly yield a few large chambers (small in comparison 

to the mass of the entire intrusive containing liquid 

consisting of more chromite than ollvine and probably 

considerable water. It is doubtful if liquid immisci• 

bility could exist at the temperatures which mi~t be 

present, since indications are that im:miscibility 

ceases, even in the presence of water. possibly above 
0 

1000 c. or but. slightly lower. should conditions force 

the inject! on of this rm terial in to the crystalline cool• 

er portions of the magma, the deposits formed would 

probobly corres1)ond to the fissureform type. Perhaps 

the sweetwater Mine, near san Luis Obispo• California, 

might serve as an example of this type of deposit. 

SUllll.nary: Each ore deposit is regarded as forming 

under the influence of several forces; sane of the effects 

of these forces are predictable, such as the effect of 

falling temperature, and the effect of the force of grav• 

ity. other forces are not predictable; such as variations 

in pressure, the results of stresses due to external 

or regional causes, stresses induced by the .magma. it-

self, and differences in composition. The resultant 

of the predictable forces is thought to approach an 

equili briurn con di ti on con sis ti.ng of a layer of olivine 

and small amounts of chromite in the base of the :magma 

chamber, cnre rlain. by a layer of chromite and topped by 
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a large mass of olivine with small arn.ounts of chrorni te; 

a thin layer of pyroxene may eap the mass if any is 

present. Chilled borders of olivine with accessory 

pyroxene and chromite !nJ.ght occur locally. This ideal 

condition is seldom attained in nature except, perhaps, 

in the stratifo.rm deposits, and the degree of aberration 

from equilibrium conditions determines the characteris

tics of the ore deposit formed. 

The origin of' the various ahromi te deposits may be 

likened to quenching practice used to determine the con

stituents of a high temperature liquid or melt at various 

stages during its cooling cycle. A small sample of a 

melt is removed and quenched as rapidly as possible 

to more or less preserve it in the form in which it 

existed before being cooled. EaoP, chromite deposit is 

exam.ined for evidence indieating at what stage in the 

process of cooling or crystallization of the ul tran1afic 

magma its development was arrested by similar rapid 

cooling or quenohing . By considering the formation of 

the ore deposits as a continuous proeess, beginning 

with ultramafi.o mav}Ua in a fully liquid state, many of 

the difficulties in understanding the formation of 

various t ypes of deposits are pa rtially elucidated. 
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CHROMITE DEPOSITS OF GRANT COUNTY, OREGON 

A PRELIMINARY REPORT 

By T. P. Thayer 

ABSTRACT 

The principal chromite deposits of Grant County, Oreg., oc
cur in belts of peridotite and dunite, largely altered to ser
pentine, in the Strawberry Range. A few deposits have been 
found in the Greenhorn Mountains. The most productive mines 
are east of Canyon City in comparatively fresh unsheared ultra
mafic rocks in which the original mineralogic and textural char
acters are well-preserved. The borders of the mass are pyrox
eni tic, and the chrome deposits occur as irregular lenses in 
the less pyroxenitic and more dunitic central portion. The 
chromite appears to pe genetically related to dunite and is 
probably of early magmatic origin. Most of the readily acces
sible deposits of high-grade chromite have been worked out, and 
future production will be predominantly from low-grade concen
trating ore containing· from 15 to 30 percent of chromic oxide 
(Cr203). The known reserve in the explored dep~sits is about 
80,000 tons of ore averaging between 20 and 35 percent of chro
mic oxide. With s11fficiently high prices, probably 200 ,000 
tons of concentrating ore averaging between 20 and 25 percent 
of chromic oxide· could be mined from the explored deposits in 
Grant County. 

INTRODUCTION 

The principal chromite deposits of this region occur in 

the Strawberry Range, in the south half of Grant County. Chro-

mite has also been mined in the Greenhorn Mountains, which oc-

cupy the northeastern part of Grant County and the western 

edge of Baker County. The deposits in the Strawberry Range 

are described in this report. 
75 
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The Strawberry Range extends eastward for about 50 miles, 

connecting the Ochoco Mountains on the west with the Blue Moun-

tains on the east. The principal peaks of the range are be

tween 7,000 and 9,100 feet in altitude. The chromite deposits 

and the topographic and geologic relations between the range 

and the John Day River Valley to the north are shown on plates 

12 and 13. The distance from John Day, the commercial center 

of the district, to Baker, on the Union Pacific Railroad, is 

96 miles via the John Day Highway. The distance to Portland is 

300 miles by paved highway. The nearest shipping point is 

Seneca, 22 miles south of John Day, the terminus of the Oregon 

& Northwestern Railroad, which connects with the Oregon Short 

Line at Burns, Oreg. Ore shipped during 1917 and 1918 went 

from Prairie City, 13 miles east of John Day, to Baker, via the 

narrow gage Sumpter Valley Railroad, where it was transferred 

to the Union Pacific Railroad. The chromite deposits in ·the 

Greenhorn Mountains are served by mountain roads from Whitney 

and Sumpter, towns on the Sumpter Valley Railroad. In winter 

snow and mud render the roads impassable for heavy trucks. 

History and production 

Occurrence of chromite in the Strawberry. Range was mention

ed by Lindgren in 1901.!/ Mining of chrome ore began in 1916 

under the stimulus of high war-time prices, and shipments of 

225 tons were made in January 1917. Total Bhipments of ore 

amounted to about 3,700 tons in 1917 and about 13,600 tons in 

1918.g/Mining ceased when the war ended, and little ore was 

y Lindgren, Waldemar, The gold belt of the Blue Mountains of Oregon: 
u. s. Geol. ~urvey 22d Ann.-Rept., pt. 2, p. 713, 1901. 

~Westgate, L. G., Deposits of chromite in northeastern Oregon: 
u. s. Geol. Survey Bull. 725, p. 60, 1921. 



CHROMITE DEPOSITS OF GRANT COUNTY, OREGON 77 

shipped thereafter. The total production of Grant County to 
'Y 1925 was estimated by Furness at about 20,000 tons. During 

November and De.camber 1939 about 100 tons of ore was shipped 

from the Dry Camp mine for concentration tests. 

Previous work 

The report on the gold belt of the Blue Mountains by 
y 

Lindgren,· published in 1901, includes the most comprehensive 

account of the general geology of the Strawberry Range. 

Westgate .2/examined the chrome deposits in 1918, while mining 

was most active, and his report contains much information on 
§./ 

workings that are now caved and inaccessible. Allen, in a 

report published in 1938, described the principal chromite de-

posits of northeastern Oregon. 

Field work and acknowledgments 

This report is based on field work done by the writer be

tween September l and December 10, 1939, with the assistance of 

P. w. Guild, Darwin Jepsen, and w. G. Lundstrum. The eastern 

part of the Canyon City chromite belt was mapped on a scale of 

2,000 feet to the ~nch. The larger chromite deposits were map

ped on a scale of 40 feet to the inch, with tape and plane 

table. 

While the Geological Survey party was in the field, the 

United States Bureau of Mines e~plored and sampled the Chambers, 

Dry Camp, and Iron King deposits. Interpretation of the sub

surface geology of these deposits is baaed largely on informa-

y Furne)Js, :r. W., Chromhe in 1925; u. s. Bur. Mines, Mineral Re-
sources u. s., 1925, pt. 1, p. 141, 1928. 

~Lindgren. Waldemar, op. c1t., PP• 712-717. 
~Westgate, L. G., op. cit. 
§/Allen, 1. E., Chromite deposits in Oregon: Oregon Dept. Geology 

and Min. Ind. Bull. 9, pp. 53-69, 1938. 
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tion thus obtained, for which the writer is indebted to Mr. 

o. H. Metzger, of the Bureau of Mines. Thanks are due- also to 

the many local residents who supplied much information and 

served as guides. 

GEOLOGY 

General features 

The oldest rocks of the district are schists and layered 

diorite, which will be referred to collectively as the basement 

complex. They are of Paleozoic age or older. The Mesozoic 

rocks, which consist mainly of sandstone, shale, chert, and 

limestone, contain some pebbly beds whose composition indicates 

that they were formed, at least in part, by erosion of the 

basement complex. Peridotite and dunite,partly altered to ser

pentine, are intrusive into both the basement complex and the 

Mesozoic rocks. They occur in two main belts (see pl. 12), one 

of them near Cahyon City and the other from 15 to 20 miles 

southwest of it. The chromite occurs in the peridotite and 

dunite. Tertiary lavas, tuffs, and conglomerates are widely 

distributed in the region surrounding the Strawberry Range. 

The area between the north base of the range and the John Day 

River is occupied by coalescing alluvial fans, which contain 

placer gold in the vicinity of Canyon City. Some fairly ex

tensive areas of alluvium and some glacial deposits lie within 

the range (see pl. 13). 

Basement complex 

The basement complex consists mainly of hornblendic green

stone schist and of gneissic diorite or gabbro; it also includes 

some mica schist and quartzite. The rocks of the complex are 

the most resistant to erosion in the district. They occupy the 

higher part of the Strawberry Range, from Canyon Mountain to 
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the foot of Strawberry Mountain, and small blocks of the com

plex in the ultramafic rocks commo~ly stand out in relief. The 

best exposure of the complex is in the bold cliffs forming the 

west face of Canyon Mountain. The greenstones and schists are 

readily distinguished from the ultramafic rocks by their schist-

ose character. The dioritic rocks may be recognized by their 

abundant feldspar and also, in places, by the presence of peg-

matite dikes containing a large proportion of black hornblende. 

Mesozoic sedimentary rocks 

Between Canyon Creek and Fields Creek, the Strawberry Range 

is made up almost wholly of highly· deformed sedimentary strata. 

The sediments consist mainly of well-bedded dark-gray sand-

stones, shales, siliceous .siltstones, and chert. Some altered 

lavas and tuffs alternate with the sediments. Limestone occurs 

sporadically in small lenses. Fossils obtained from limestone 

west of Fields Creek were identif!ed by Mr. G. A. Cooper, of the 

u. s. Natronal Museum, as certainly Triassic, and probably Up-
V y 

per Triassic, in age. R. L. Lupher has mapped Triassic and 

Jurassic rocks in the southern slopes of the Strawberry Range, 

and probably rocks of both ages are present in the area west of 

Canyon Creek. Unlike the crystalli~e rocks of the basement com-

plex, the Mesozoic sediments are practically unmetamorphosed, 

except near the contacts of intrusive masses. 

Ultramafic rocks 

Character 

The chromium ores of this district, and of nearly all other 

districts in the world, are all contained in intrusive igneous 

rocks that are collectively classed as ultramafic. The term 

1)_ Written conununication from J. B. Reeside, Jr., Feb. 7, 1940. 
~ Personal communication, September 1939. 

243328 0-40-2 
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"ul tramafic 11 was coined not many years ago as a subs·ti tute for 

"ultrabasic, 11 which was regarded as inappropriate. Ultramafic 

implies, essentially, a high proportion of magnesium and iron. 

The chief original minerals that constitute ultramafic rocks 

are olivine and pyroxene, and the commonest accessory minerals 

are magnetite and chromite. The olivine, and to a less extent 

the pyroxene, are readily altered to minerals of the serpentine 

group. Rocks in which this alteration has been complete or 

nearly so are commonly called serpentine, and even where the 

alteration is only moderately advanced the resulting rock is 

often rather loosely called serpentine• In confo;rmity with 

this popular usage, the ultramafic rocks are collectively des

ignated serpentine on plate 12. 

The ultramafic rocks of Grant County are divisible into 

four intergrading .kinds, according to the proportions in which 

olivine and pyroxene were originally present. These are: (1) 

Dunite, consisting almost wholly of olivine, with not more than 

5 percent of pyroxene; (2) olivinite, c,ontaining 5 to 50 per

cent of pyroxene; (3) peridot~te, containing 50 to 95·percent 

of pyroxene; (4) pyroxenite, containing 95 percent or more of 

pyroxene. 

It is impracticable to follow this classification strictly 

in mapping (see pl. 13). The dunite and olivinlte that are not 

extremely altered are broadly distinguish~d from each other ~nd 

from the more pyroxenic rocks, though the exact position of the 

boundary between intergrading rocks must obviously be uncertain 

in places. In many places, however, it is so diffictilt to dis

tinguish peridotite from pyroxenite that these two rocks e.'re 

mapped together. In large areas, moreover, the process of ser

pentinization has gone so far as to render uncertain the com

position of the original rock; such areas are mapped as serpen

tine. 
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The average composition of the ultramafic body as a whole 

is probably about that of olivinite containing 25 percent of 

pyroxene. Although specks of chromite occur throughout all the 

ultramafic rocks, almost all the workable chromite deposits oc

cur in dunite or olivinite. 

The dunite is a dense uniform rock in which no minerals 

stand out. Weathered surfaces are smooth and reddish brown to 

buff, and it is from this characteristic that the miners' term 

"buckskin" originated. Platy jointing is very common in the 

dunite. As a result of this jointing and of low resistance to 

weathering, areas underlain by duni te are mostly cove.red with 

a mantle of loose chips, and bedrock is rarely e·xposed. 

Olivinite and peridotite are red or brown to buff on weath

~red surfaces, are characterized by pyroxene grains that stand 

out in relief from the olivine matrix, and are readily identi

fied by their conspicuous cleavage. Outcrops of these rocks 

are scarce on gentle timbe~ed slopes but are almost continuously 

exposed on the precipitous walls of some of the canyons. 

The pyroxenite is very tough and resi~tant to weathering. 

Weathered surfaces are light green to brown and are roughened 

by projecting pyroxene crystals ranging from a quarter of an 

inch to ll inches in length. In places the rock resembles a 

compact mass of wood chips. As pyroxenite occurs mainly in 

lenses rather than large homogeneous masses, its outcrops as

sume the form of reefs that commonly stand 10 to 20 feet high. 

Nearly all of the ultramafic rocks are partly altered to 

serpentine, even though some of the pyroxenite appears fresh in 

hand specimen. The freshest-appearing dunite is now at least 

half serpentinized. In certain places alteration has gone so 

far th.at the original texture and composition are no longer 

recognizable in the field, and the rock can be mapped only as 

serpentine. That the serpentine ts secondary is manifested by 
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the complete gradations between serpentine and the least-alter

ed rocks. The typical serpentine is medium to dark green or 

greenish black, soft, and broken by innumerable shear surfaces. 

This rock commonly forms smooth bare exposures that can be rec

ognized from a considerable distance by their greenish colors 

and shiny slickensided surfaces. 

Although possibly half of the ultramafic rocks are massive 

and apparently structureless, banding is prominent in a large 

part of them. The banding may express either: (1) a layered 

structure revealed by unequal proportions of pyroxene and oli

vine in alternating rock layers, or (2) a linear structure 

shown by alinement of pyroxene crystals in an otherwise uniform 

rock. The first type of banding is illustrated by alternation 

of layers of olivinite and pyroxenite, but it mEl.y involve al

most any combination of ultramafic rock types. The contacts 

between layers are gradational, but the layers are more or less 

distinct, especially where contrasting rock types are involved. 

In a given exposure, the adjoining bands may range in width 

from about an inch to several feet; layering on a major scale 

gives rise to mappable bodies tens of feet wide and hundreds 

of feet long. The second type of banding is generally less 

prominent and even obscure, because the pyroxenes are arranged 

in discontinuous strings and there is no clear-cut alternation 

of different materials. Where the two types of banding occur 

together they are parallel. Linear structure, or arrangement 

of pyroxene and chromite grains in lines rather than planes, 

was noted in several places. This type of structure is well 

shown in several chromite deposits. 

The attitude of the banding varies greatly from place to 

place, apparently without any system, over the district as a 

whole. In some areas, such as the upper drainage basin of Dog 

Creek, the dip and strike of banding varies only a few degrees 

over a ~quare mile or more, but such consistency is rare. 
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Distribution 

The ultramafic rocks are best preserved in the eastern half 

of the canyon City belt, east of Canyon Creek. In the western 

half of the Canyon City belt and in the western or Murderers 

Creek belt the chromite-bearing rocks have been converted al

most entirely to green serpentine. In the northeastern part 

of Grant County the chromite-bearing rocks are sheared green 

serpentine and talc-dolomite rocks that become yellow on weath

ering. 

East of Canyon .Creek the borders of the ultramafic belt are 

markedly pyroxenic. The general areal relations of pyroxenite 

and peridotite to olivinite and dunite are best exemplified in 

Byram Gulch, northwest of Canyon Mountain (pl. 13). There the 

border of peridotite and the central portion of dunite-olivin

ite are unusually well developed and distinct. The intrusive 

contact with the basement complex is exposed in many places, 

and the transition zone between dunite and peridotite is only 

a few feet wide. Farther east the peridotite does not form a 

solid border but consists of a great number of peridotite and 

pyroxenite lenses oriented parallel to the contact and enclosed 

in olivinite. The entire mapped portion of the southern border 

zone also contains numerous tabular blocks of basement complex. 

The relations along the northern margin of the ultramafic mass 

are partly concealed by overlapping Tertiary rocks, and even 

where exposed they are obscured by extensive serpentinization 

and faulting. Blocks of Mesozoic (?) sediments and basement 

complex, however, are abundant. 
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Age 

The fossiliferous limestone west of Fields Creek lies in 

chert and argillite about 125 feet from the serpentine contact 
<}_/ 

and is older than the serpentine. Lupher states that the 

serpentine in the Silvies River district south of Seneca is in

truded into fossiliferous Upper Triassic limestone and is un-

conformably overlain by fossiliferous Lower Jurassic limestone. 

The serpentine· and ul tramafic rocks of the Strawberry Range are 

accordingly regarded as of Triassic age or younger. 

Gabbroic banded rocks and pegmatites 

Some chromite bodies, notably those at the Chambers mine, 

are cut by dikes of coarse pegmati te· and medium to fine-grained 

gabbro. The known width of the dikes is between one-fourth 

inch and 1 foot, and diamond drill holes at the Chambers mine 

penetrated as much as 6 feet of gabbro between chromite walls. 

The feldspar in the pegmatite is calcic bytownite, and the peg

matite grades into the gabbro. Small exposures of banded gab

bro are fairly common in the olivinite in the vicinity of the 

Chambers and Bald Eagle mines. These gabbroic bands are un

doubtedly closely related to a banded complex of ultramafic 

rocks and gabbro that is exposed for a distance of about a mile 

along the ridge extending south from Bald Mountain. Some of 

the banded gabbro resembles parts of the basement complex. 

The Celebration mine is in a dunite band included in the 

gabbro complex, and other chromite deposits may be present, al

though none have come to the writer's attention. The gabbro 

seems to have been affected by the same agencies that serpen-

jj Lupher, R. L., personal communication, September 1939. 
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tinized the ultramafic rocks, and therefore probably antedates 

the serpentinization and is of about the same age as the ultra

mafic rocks--Triassic or younger. 

Tertiary and Quaternary rocks 

The oldest Tertiary deposits of the John Day district are 

conglomerates several hundred feet thick, which lie unconform

ably on the older rocks and were in part derived from them. 

The age of these conglomerates is not definitely known. The 

conglomerates are overlain by successive basalt flows several 

hundred feet thick, which are probably equivalent in age to the 

Columbia River basalt. In the vicinity of Mount Vernon, tuff 

of the Pliocene Rattlesnake formation is well-exposed and lies 

unconformably across the edges of the lower basalts. East of 

John Day and north of the John Day River,. an upper series of 

basalt flows lies on pumiceous water-laid tuff that is probably 

part of the Rattlesnake formation. Volcanic rocks ·are well

exposed in Strawberry Mountain, in the valley of Berry Creek 

south of Canyon Mountain, and in the vicinity of Fields Creek. 

East of Canyon Creek and south of the John Day River, the 

volcanics are buried under broad alluvial fans built out from 

the north base of the mountains. The largest fans were built 

by the creeks that drain the high parts of the range and whose 

headwaters bear unmistakable evidence of glaciation. The 

Little Pine Creek fan and the debris shed from Little Canyon 

Mountain contain placer gold that has been mined on a large 

scale. The present valley of the John Day River is cut along 

the outer edge of the old fans, and the alluvium of the valley 

floor i~ the latest deposit of the region. Down cutting by the 

John Day River and its tributaries left the old placer deposits 

perched 200 feet or more above the present stream beds. 
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Structure 

The Strawberry Range is eroded from an east-west anticline 

between the John Day syncline on the north and the broad struc

tural basin of Bear Valley on the south. The range is an east

erly extension or the Ochoco Mountain uplift, although it is 

topographically separated from the Ochoco Mountains by the 

valley of the South Fork of the John Day River. East of Straw

berry Mountain the· anticline flattens and merges into the 

southeastern end of the Greenhorn Mountains. East of Canyon 

Creek the Strawberry Range anticline is symmetrical, and the 

dips in the Tertiary rocks on both flanks are between 30° and 

60°. Between Canyon and Fields Creeks the anticline is mark

edly asymmetrical, the north limb dipping 30° to 45° and the 

south limb probably 5° to 10°. The transition zone between 

the symmetrica·l and asymmetrical parts of the anticline lies 

just west of Canyon Creek. 

Although the structure of the pre-Triassic schists is very 

complex, and their contacts with the dioritic rocks are intri

cate, the structure of the dioritic rocks themselves is rela

tively simple. The deformation of these intrusive rocks is 

mainly shown ·by a persistent banding., the strike of which 

ranges from N. 65° w. to N. 85° E. and the dip from 65° N. to 

65° s. 
The contacts of the ultramafic intrusives with older rocks 

have been studied moat thoroughly in the belt east of Canyon 

Creek, which is bounded on the south by the basement complex 

and on the north mainly by Mesozoic sediments. These contacts 

are everywhere nearly vertical. Their details are so complex 

as to be hard to decipher or to represent on even a large-scale 

map. The main mass has many offshoots extending into the older 

rocks, and it contains many inclusions of these rocks near the 

main contacts. In the valley of Canyon Creek the belt or ultra-
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mafic intrusives abruptly broadens and cuts off the basement 

complex, and at its western end it frays out into a series of 

lenses in the Mesozoic sedimentary rocks. The serpentine north

east of Mount Vernon was intruded into Mesozoic sedimentary 

rocks and may be a continuation of the Canyon City serpentine 

belt under the alluvium of the John Day Valley. 

The Murderers Creek serpentine belt consists of several 

serpentine lenses trending north or northeast in the Mesozoic 

sedimentary rocks. It is overlapped on the west side by Ter

tiary lavas. The east limit of the belt is indefinite, and 

small serpentine lenses are known to occur in the area to the 

east where the Tertiary cover ha·s been removed. 

ORE BODIES 

Workable chromite deposits occur as rather well defined 

irregular lenticular bodies seattered haphazardly in the olivi

nitic and dunitic parts of. the ultramafic belt. The ore bodies 

range from deposits of a few pounds to those of several thou

sand tons, though relatively few of them contain more than 100 

tons. 

Mineralogy 

The essential constituent of chrome deposits is the mineral 

chromite, which is easily scratched with a knife blade, forms 

a brown powder, and ordinarily is not attracted by a hand mag

net. Theoretically pure chromite contains 68 percent of chro

mic oxide (Cr203) and 32 percent of ferrous oxide (FeO). In 

most chromite alumina (Al203 ) and ferric oxide (Fe 2o3 ) replace 

part of the chromic oxide and magnesia (MgO) replaces part of 

the ferrous iron, so that the actual chrome content is far less 

243328 0-40-3 
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than the theoretical maximum. The following analyses, made in 

the chemical laboratory of the United States Geological Survey, 

indicate that the chrome content for deposits in Grant County 

ranges from 34 to 52 percent. 

Partial analyses of chromite from Grant County, Oreg. 
!J.. c. Wells, analysiJ 

Type of ore Concentrate in Analysis of concentrate 
Deposit sample total sample Cr203 Fe Cr/Fe (percent) (percent) (percent) 

Dry Camp •• Massive ••• 62.8 51.6 12.7 2.77 
Iron King. Spot·ted ••• 60.6 42.0 13.9 2.06 
Chambers •• Massive ••• 81.8 37.8 11.9 2.16 
Ajax •••.. : Nodular .•• 46.8 37.6 14.1 1.83 
Bald Eagle •••• do •••• 50.1 34~3 12.6 1.86 
Delore 1/ Massive ••• 19.2 43.2 21.1 1.40 

Do.if. •• •••• do •••• 78.1 41.l 21.0 1.33 

l/ Moderately magnetic fraction. E.J Weakly magnetic fraction. 

Complete analyses have been made of only two specimens. 

Complete analyses of chromite concentrates 
from Grant County, Ore~. 
[P.. c. Wells, analys!/ 

1 2 1 2 

Si02· ••••••••• 1.9 2.8 Ti02· •••••..•• 0.3 0.2 
Al203 •••....•. 27.0 13.3 Cr203 ••••••••• 37.8 51.6 
Fe203 •• · •• • • •• .8 None MnO •••.•... · · • Trace .3 
FeO ••••••••••• 14.6 16.4 H20• •••••••••• .3 1.3 
MgO ••.••.••••• 15.2 13.4 97.9 99.4 
cao ••..•••.••• .3 .1 

1. Massive ore from Chambers mine. 
2. Massive ore from Dry Camp mine. 

The analyses show that the chrome content of the chromite 

is variable and that it is not the same in any two deposits. 

This variation is of great economic importance, as the grade of 

any concentrate mechanically produced depends directly upon the 

purity of the ore-bearing mineral in the concentrate; for ex-

ample, concentrates containing 50 percent of chromic oxide 

could probably be obtained commercially from the Dry Camp de-

posit, whereas concentrates from the Bald Eagle deposit might 
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contain only 33 percent of chromic oxide. It is also obvious 

that bulk samples of spotted ore from the Dry Camp deposit and 

of massive ore from the Chambers deposit might give similar 

assays. The·refore assays of channel samples can give only 

partial information as to the real value of a deposit. Com

plete sBl!lpling procedure entails concentration of the channel 

samples with determination of the ratio of concentration of 

each and assays of enough of the concentrates to determine 

their average chromic oxide content. 

The size of the chromite grAins in spotted ore affects the 

degree of grinding necessary to free the ore from the gangue. 

Chromite crushes readily, and in fine grinding the loss caused 

by sliming is appreciable. The chromite grains in most of the 

deposits in Grant County are more than 1 mm. in diameter, and 

fine grinding is probably not necessary. In the Iron King de

posit, however, the chromite grains average 0.2 to 0.5 mm. 

across, and loss due to sliming during the necessary fine grind

ing may be excessive. 

In most deposits the matrix of the ore is serpentinized 

dunite, and the difference in gravity between chromite and 

gangue is great enough to permit concentration by gravity meth

ods. All the ore contains. some gangue, and there are all gra

dations from massive chromite to scattered chromite grains in 

dunite. The contrast between green or brown serpentine and 

specks or grains of ble.ck chromite gives most of the ore a 

spotted appearance. Chromite crystals are rare in the Grant 

County deposits, and in most of the spotted ore the chromite 

grains are angular or rounded. In a few deposits the chromite 

forms ellipsoidal globules from a quarter to an inch in diam

eter; this type of chromite, illustrated in figure 12, consti

tutes the so-called nodular ore. The chromite specimens shown 
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in figures 12 and 13 were so treated and photographed as to ob-

tain maximum contrast between serpentine and chromite. Where 

the serpentine was dark and failed to give good contrast, the 

specimen was treated with hydrofluoric acid, which etches and 

whitens the serpentine but does not attack the chromite. 

Figure 12.--Specimen from dump of Ward mine showing relations between 
nodular ore, spotted ore, and barren dunite. 

Structural character 

Banding is developed to some degree in nearly all the chro

mite deposits. In most of the deposits only one type of band-

ing, either planar or linear, is shown, but in a few places, as 

for. example the Iron King mine, linear banding is superimposed 

on planar banding. 
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Linear banding is well-shown in the Big Bertha deposit, 

where the ore shows marked vertical stripes in two adjacent 

walls of the prospect pit yet appears evenly disseminated in 

the floor. In the Ajax deposit the chromite aggregates are 

arranged like beads on strings, and some appear as flattened 
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torpedo-shaped masse.s; this flattening of the chromite nodules 

extends along parallel planes and constitutes an obscure planar 

banding (fig. 13). 

Planar banding, or alternation of layers of high- and low-

grade ore, is best shown at the Dry Camp deposit, where massive 

chromite occurs in layers from a quarter of an inch to 2 inches 

243328 0-40-4 
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in thickness. The chromite of the thinnest layers occurs in 

closely spaced grains or in irregular tabular masses such as 

might be formed by stretching of a thin, brittle sheet. In de

posits devoid of massive ore the banding consists of alternat

ing medium- or low-grade spotted ore and barren rock. 

At the Iron King mine the major banding in the quarry face 

is planar, but ore specimens show prominent linear banding. 

The longitudinal axis of the linear banding is parallel to the 

planar banding, as it is wherever the two types of bands have 

been seen together. 

Although zones of higher-grade ore can be mined selectively 

in deposits thHt show planar banding, the thinner individual 

bands cannot be sorted effectively by hand. Separation of ore 

and barren rock in deposits in which linear banding is dominant 

is especially difficult, because pipelike or torpedo-shaped 

masse~ of gangue occur in the ore, and cone-shaped masses of 

spotted ore extend out into the walls ot the deposit. 

Relations of ore bodies to enclosing rocks 

The relations between the chromite bodies and the country 

rock of this region may be summarized in the statement that the 

chromite is as truly a component of the ultramafic rocks as 

olivine and pyroxene, and its occurrence is governed by the 

same laws. Just as there are gradations between dunite and 

pyroxenite, so there are all gradations between massive chro

mite and dunite or olivinite. None of the commercial chromite 

bodies in the Strawberry Range occur in peridotite or pyrox

enite. In some places, transition from good ore to virtually 

barren rock takes place within a few inches; in other places 

the transition is so gradual that the deposit, in mining par

lance, has "assay walls. 11 Where the deposit is bounded by 

faults, as is common where the country rock is sheared serpen

tine, the walls are likely to be definite. 
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Banding in the chromite is generally parallel to the long-

er dimensions of the ore body and to ·the banding in the country 

rock. It cannot safely be assumed, however, that an ore body 

will extend far in the direction of banding, because ore may be 

cut off sharply across banding without faulting (fig. 14)o 

Many small chromite deposits are merely irregular lumps of high

grade ore. The larger deposits are mainly irregular lenses 

whose long axes may plunge at angles between 15° and 90° in 

any direction. 

Chromite 

0 20 Feet 

Figure 14.--Plan of southwest end of southwest ore body at Chambers mine 
showing irregularity of contact between chromite and dunite country rock. 
Except where dip is indicated the contsct appears vertical. 

The forms of the chromite bodies of this region are so 

irregular that estimates of ore reserves from surface exposures, 

even in well-banded deposits, must be made with great caution. 

The attitude and size of most of the bodies can be determined 

only by diamond drilling or actual mining operations. 
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Origin 

The chromite that occurs in podies large enough to be of 

commercial interest is clearly of early magmatic origin. Mas

sive chromite in the upper deposit at the Dry camp mine is cut 

by numerous fractures that are filled with serpentine in which 

residual olivine pseudomorphs are preserved. Near the south

west end of the same deposit, the banded ore is cut by a dunite 

dike 2 inches thick. The relations between nodular and spotted 

ore in serpentinized dunite at the Ward mine (fig. 12) suggest 

that the spotted ore was formed by fragmentation of the nodular 

chromite as a result of flowage while the dunite magma was plas

tic. Remnants of olivine are here preserved in the serpentine, 

which shows unsheared mesh structure. The linear banding in 

deposits like the Ajax seems best explained by magmatic flow

age that occurred after crystallization of the chromite and be

fore solidification of the dunite. 

Distribution 

As the chromite bodies were formed by magmatic processes 

far below the surface, their relation to the present surface 

is entirely accidental. As chromite is very insoluble and re

sistant to surface weathering, secondary enrichment does not 

occur, and the chromic oxide content varies no more vertically 

than it does horizontally. The distribution of chrome lenses 

on the surface appears to be haphazard, like that of raisins 

in a pudding, and the same haphazard distribution probably 

holds in depth. Although an affinity between chromite and dun

ite is shown both by localization of chromite deposits in dunite 

lenses and by the dunitic character of the matrix of most of the 

chromite ore, some of the largest deposits occur in olivinite. 
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In general, it seems that the edges of the ultramafic belt, 

where peridotite and pyroxenite prevail, are unfavorable areas 

for prospecting and that attention should be concentrated on 

the areas underlain by dunite and olivinite. 

ORE RESERVES 

The chromite deposits of Grant County probably cannot now 

compete with chromite from foreign sources in present American 

markets. The known high-grade deposits are so small that min

ing costs are high. The large deposits are subcornrnercial in 

grade, and the minable product must be concentrated to be ac

ceptable at any price in an open market, and transportation 

costs to present consuming centers are high. The only ore ship

ped from the district since 1920 was used solely for milling 

tests. However, the known deposits do constitute important re

serves that would be usable in times of national emergency, 

when economic restrictions of gr·ade and price would be relaxedo 

From the figures quoted in Westgate 1 s field notes, which 

contain data gathered from the mine owners and operators in 

August 1918, high-grade ore, containing more than 40 percent of 

chromic oxide (Cr203), constituted about one-fourth of the to

tal ore shipped. Although only four mines produced 300 tons or 

more each of high-grade ore, about 90 percent of the total pro

duction of low-grade ore, which averaged about 32 percent of 

chromic oxide, came from three mines. In future shipments of 

crude ore from the district, the ratio of low-grade to high

grade ore will be greater than in the past, because most of 

the high-grade deposits exposed at the surface have been mined 

out. 

Surface trenching and shallow diamond drilling of three 

depoaita--Chambers, Iron King, and Dry Camp--by the Bureau of 

Mines indicate between 80,000 and 130,000 tons of chrome ore 
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averaging 25 ~ercent of chromic oxide. above the depth drilled. 

With sufficiently high prices and establishment of custom mills 

for concentrating low-grade ore, probably 200,000 tons of mate

rial averaging 25 percent of chromic oxide could be· mined from 

known ore bodies. 

MINES AND PROSPECTS 

Nearly 100 chromite prospects are known in the area east of 

Canyon Creek alone. Only the more productive mines, the larger 

prospects, and the prospects in which the relations of chromite 

are unusually well shown will be described. Several deposits 

described by Westgate are here omitted either because they were 

not visited or because the workings are inaccessible and no 

additional information was obtained. The reader is referred to 
!QI 11/ 

Westgate and Allen -·· for descriptions of the deposits in 

the Greenhorn and Granite districts and of several mines in the 

Canyon City dis.trict which were not visited by the writer or 

which are now caved. Production figures for individual mines 

are quoted from Westgate's field notes or records of the United 

States Bureau of Mines. 

Deposits in dunite and olivinite 

lY Chambers mine (38) .--The Chambers mine is at an alti-

tude of about 6,500 feet on the northwest end of Bald Mountain, 

1n the southeast corner of sec. 13, T. 14 s., R. 32 E. The 

mine is 13 miles by road from John Day, 8 miles of which is 

dirt road. Mlning operations began in June 1918, and total 

JBJ Westgate, L. G., Deposits ot chromite in eastern Oregon: U. s. 
Oeol. Survey Bull. 725, pp.37-60, 1921. 

yj Allen, 1. E., Chromite deposits in Oregon: Oregon Dept. Geology and 
Min. Industries Bull. 9, pp. 53-69, 1938. 

1:!J l!lumbers in parentheses are those used on the map (pl. 12) and in 
the reports by Westgate and Allen •. 



CHROMITE DEPOSITS OF GRANT COUNTY, OREGON 97 

production was probably about 6,000 tons. The ore shipped av

eraged 30 to 33 percent of chromic oxi~e. All ore under 28 

percent, which included about one-fourth of the total ore mined, 

was discarded. Practically all ore shipped was mined from the 

glory hole shown on plate 14. The sample trenches and diamond 

drill holes were made by the Bureau of Mines. 

The ore is mainly coarse spotted chromite in dunite that 

grades into massive chromite. In places it shows rude planar 

banding, best shown in the southwest ore body, where the bands 

dip about 70° SE. The matrix of the ore is serpentinlzed dun-

1 te, and, as shown in the cross sections, the ore bodies are 

almost surrounded by a shell of serpentinlzed dunite. The ore 

grades abruptly into the dunite where the contacts are not 

faulted, and the dunlte grades outward into olivinite. Even 

where the chromite is in frozen contact with olivinlte the ma

trix, between the chromite grains, la dunite. Small veins or 

dikes of green pyroxene from one-eighth of an inch to li inches 

wide are common. They are probably genetically related to the 

larger gabbro and gabbro pegmatite dikes that cut the chromite 

in the glory hole. The pegmatite contains ang\llar blocks of 

spotted chromite, and diamond drill hole No. 13 passed through 

about 10 feet of gabbro that cuts good ore. The gabbro ls 

readily removed by hand sorting during mining. Many small 

faults cut the ore but thus far have not seriously interfered 

with mining operations. 

Three major ore bodies and some smaller unworkable lenses 

are known on the Chambers ground. The size and general rela

tions of the ore bodies are shown on plate 14. The southwest 

ore body is a lenticular mass dipping steeply southward and 

plunging northeastward. Most of the central ore body, which 

appears to be in the form of a short kidney, probably has been 

mined out. A tunnel, now caved, under the western edge of the 
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glory hole was rep~rted by Westgate to be in barren serpentine. 

Diamond drill holes Nos. 6 and 10 were barren, which indicates 

that the ore body does not extend to any great depth. The 

northeHst ore body may consist of two overlapping lenses, but 

it seems more probably to be one large lens that has been 

faulted, for faulting at the edge of the ore is evident in 

cores from drill holes Nos. 12 and 16. Between drill holes 

Nos. 13 and 17 the ore either pinches out or is dropped along 

a fault parallel to the one indicated on plate 14. The aver

age tenor of the ore, judged on the basis of past production 

and Bureau of Mines assays, is between 20 and 30 percent of 

chromic oxide. 

Iron King mine {43).--The Iron King mine is at an altitude 

of 5,400 feet, in the SWi sec. 18, T. 14 s., R. 32 E., on the 

west slope of the northwest spur of Canyon Mountain. The mine 

is served by a dirt road, 5l miles long, from Canyon City. The 

workings, which consist of an open quarry, a tunnel, and small 

open pits, are shown on plate 15. 

Mining at the Iron King deposit began in 1916, and 500 tons 

of ore was shipped by the end of the year. About 3,000 tons 

was shipped annually during 1917 and 1918, making the total 

production approximately 6,500 tons. The ore was hand-sorted, 

and there are now several hundred tons of low-grade ore in the 

dump. The shipping ore averaged about 32 percent of chromic 

oxide. 

The ore it the Iron King mine is fine-grained spotted chro

mite in a matrix of serpentine derived from dunite. The ore is 

banded and gradates all the way from massive black ore con

taining, a'Jording to Bureau of Mines analyses, about 43 per

cent of chromic oxide to barren serpentinized dunite. Although 

planar banding is most apparent in the quarry face, dump speci

mens show well-developed linear banding. The primary, magmatic 
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character of the banding is still evident despite serpentini

zation and complex faulting. Mainly because of such complex 

fau~·ting, the distribution of the ore, as shown on plate 16, 

99 

is very irregular. The dunite mass in which the ore occurs is 

surrounded by ol1vin1te in which irregular bodies of peridotite 

and pyroxenite occur. These pyroxenic masses are related to 

the pyroxenic border facies of the ultramafic rocks, and about 

200 feet south of the mine a large east-west block of gneissic 

basement complex is included in the olivinite. The main con

tact of the intrusive mass with the basement complex is about 

1,600 feet south of the mine. Small veins of magnesite occur 

in the serpentine, and large crystals of aragonite occur in 

open fractures in the chromite. 

The ore body in the Iron King deposit appears to be a nearly 

horizontal tabular mass, which is bounded laterally by faults 

and has been broken into several blocks that rise northward in 

a series of steps. The apparent dip of the banding in the in

dividual fault blocks exposed in the quarry face is less than 

15° NW. or sw., the dips in adjoining blocks being commonly in 

opposite directions. The chromite is cut off on the west by a 

fault that strikes N. 40° E. and dips 41° SE. The footwall of 

this fault forms the west wall of the quarry and was penetrated 

at a depth of 56 feet in diamond drill hole No. 24. The south

eastern edge of the ore body is faulted against sheared and 

slickensided serpentine in the quarry face, ~nd the northeast

ern limit·of the ore-bearing block is probably a fault that 

brings sexpentinized dunite against peridotite and pyroxenite. 

Drill hole No. 29 reached the hanging wall of a breccia zone 

containing fragments of chromite ore at a depth of 63 feet, and 

from this fact and the surface exposures it is inferred that 

the £ault trends about N. 50° w. and dips 50° NE. The small 

chromite blocks exposed southeast of the main ore body appear 
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to be in the breccia, and the highest chromite e~posure north

west of the quarry lies close to the northwesterly projection 

of the fault, on the footwe.11 aide. The intersection of the 

breccia zone with the footwall fault presumably determines the 

northwesternmost extension of the ore-bearing block. The total 

width of the ore in the quarry face is 115 feet, and the total 

exposed thickness ranges between iO and 25 feet. The chromite 

exposed in the quarry floor is a thin 'band dipping 10° or 15° 

toward the quarry face. The tunnel east of the quarry is in 

barren serpentine, and no indications of minable ore were found 

southeast of the quarry or below the quarry level. The record 

of shipments indicates that the ore averages 25 to 30 percent 

of chromic oxide (Cr203), including low-grade ore thrown on the 

dump. 

Black Velvet deposit.--The. Black Velvet claim is about 750 

feet northwest of the Iron King mine and 50 feet above the road. 

Figure 15 shows the size and shape of the ore body. The ore is 

spotted chromite with planar banding that dips parallel to band

ing in the enclosing olivinite. At the north end the chromite 

pinches out. Along the fault in the northern trench the spot

ted chromite and serpentine have been ground to a streaked gray 

and brown massive rock that is fully as hard as the adjoining 

~erpentinized olivinite. Elsewhere the contacts are gradation

al. Ore with a vertical thickness of 6 feet is exposed in the 

north trench, and the limits of the body were fairly accurately 

located in small pits. The ore probably contains between 15 

and 25 percent of chromic oxide. 

Dry Camp mine (33).--The Dry Camp mine is in.the southern 

part of the swi sec. 8, T. 14 s., R. 33 E., a short distance 

east of Little .Indian Creek. The deposit is 7-f miles by dirt 

road from the John Day Highway. 
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VIEW OF QUARRY AT IRON KING MIN E. 

Shows 1hc foo lwall fault and the distribution of ore in the}ace. The drilling rigs arc se t up at drill boles 24 and 25. 
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The ore in the Dry Cs.mp deposit consists of spotted chromite 

in a matrix of serpentinized dunite and shows the most perfect 

planar banding seen in the district. The general relations and 

extent of the deposits are shown on plate 17. The mine was 

first worked in September 1917 11 and the first ore was shipped 

two months later. Shipments to July 31, 1918, are reported as 

300 tons of ore containing 40 to 42 percent of chromic oxide 

0 

Chromite, exposure shown 
by heavier pattern 

40 Feet 

Figure 15.--Plan or Black Velvet chromite deposit showing attitude 
or chrome body and contact relations. 

and 63 tons of 35-percent ore; 100 tons of mine-run ore was 

shipped late in 1939 for concentration tests. Although the 

banding in the two deposits dips 45° to 75° SE., the deposits 

are very shallow. As shown in the sections, no ore was found 

in any of the diamond drill holes. Test pits in the lower de

posit were sunk 8 feet in broken ore, and the exposed thickness 
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of ore in the upper deposit is about 20 feet. The tenor of the 

ore is between 15 and 30 percent of chromic oxide, which is 

considerably below that of past ahi.pments taken from the rich 

central part of the upper deposit. 

Marks & Thompson mine (27).--The Marks & Thompson mine is 

in the northern part of the SWt sec. 10, T. 14 s., R. 33 E., 

about 300 feet above Indian Creek. The mine was operated from 

November 1916 to August 1917, and 400 tons of 30-percent chro

mic oxide ore was shipped. 

The workings and general relations of the ore body are 

shown in plate 18. The ore consists of rather low grade ~pot

ted chromite in which bo·th planar and linear banding are devel

oped parallel to the walls of the ore body, which dip 40° to 

50° SE. .At contacts that. are not fault cont·acts the ore grades 

abruptly into the olivinite count~y rock. Although three prom

inent faults cut the ore body, the ore is comparatively massive 

The entire surface extent of the chromite body is not exposed, 

and ore may extend some distance beyond the northwestern side 

of the open cut. If movement on the northern transverse fault 

were normal, so that the northern segment of the ore body was 

dropped, the total reserve may be several thousand tons. The 

southern end of the mine appears to be worked out. The chro

mite in the trenches to the northeast is much faulted and is 

noteworthy mainly in that it shows that other chromite deposits 

of minable size may be present. The average tenor of the ore 

is probably between 15 and 25 percent of chromic oxide. 

Ray mine (39).--The Ray mine is on the east end of Bald 

Mountain, at an altitude of 6,950 feet, about 2,QOO feet a 

little west of north from the southeast corner of sec. 20, T. 

14 s., R. 33 E. The mine is 17 miles from John Day by road, 4 
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miles of which is very steep and rough. The deposit was dis

covered in May 1918, and some ore was shipped. Westgate re

ports that the ore assayed 32 to 44.70 percent of chromic ox

ide.W 

The workings and the exposures of the chromite remaining in 

the mine are shown on plate 19. The ore body that Westgate de-

scribed has been mined out except for small masses of low-grade 

spotted ore, which shows some banding. The chromite is sur-

rounded by a dunite shell, and the country rock is jointed 

olivinite. The tunnel penetrates about 20 feet of crushed 

chromite, which may or may not be continuous with the small 

chromite lens over the tunnel. No ore is expos.ad in the two 

prospect pits northwest of the Ray mine. 

Ajax mine (54).--The Ajax mine is in the SE! sec. 16, T. 14 

s., R. 33 E., 1,000 feet above Indian Creek. The workings con

sist of three open cuts about 25 feet long and 40 feet apart. 

The chromite occurs in several lenses that range in size from 

2 by 3 by 4 feet to 3 by 15 by 12 feet and are arranged in 

echelon in a narrow dunite zone in olivinite, the long axes 

of the lenses being parallel to the dunite contacts. The ore 

includes spotted and nodular types in which conspicuous linear 

banding has been produced by fracturing and elongation of the 

chromite nodules. The spotted ore, particularly in the south

ernmost cut, fingers out into the dunite in a series of irreg-

ular cones extending parallel to the linear banding, which 

trends N. ao0 E. and pitches about 50° E. The ore on the dump 

is reported to contain 35 to 41 percent of chromic oxide. 

~Westgate, L. G., op. cit., p. 42. 
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Bald Eagle deposit (53).--The Bald Eagle deposit is 1 1000 

feet northwest of the Chambers mine, at a 6,100-foot altitude, 

in the NEiSWi sec. 13, T. 14 s., R. 32 E. The workings and 

general geologic relations are shown in figure 16. The chromite 

occurs in banded, spotted, and nodular ore, in which the nod-

ules average three-eighths of an inch in length and about three

sixteenths of an inch in thickness. The south end of the ore 

body, although badly shattered, is clearly intrusive into an 

inclusion of diorite that belongs 

0 15 Feet 

m 
Chromite, exposure shown 

by heavier patter!') 

Figure 16.--Plan of Bald F.agle 
chromite deposit. 

to the basement complex. The 

banding in the chromite is es-

senti~lly perpendicular to the 

diorite contact, and the juxta

position of the chromite body 

and the inclusion seems acciden-

tal. The contacts of dunite and 

ore show abrupt transitions; the 

surrounding country rock is oli-

vinite. The average exposed 

thickness of ore is about 5 feet, 

and the ore appears to be of good 

milling grade. 

Celebration mine (52).--The 

Celebration mine is about 500 

feet south of the Eest Fork of 

Pine Creek, in the northwest cor

ner of sec. 30, T. 14 s., R. 33 E. The workings and exposures 

of chromite are shown in figure l7o The country rock is dunite, 

largely altered to serpentine, which a short distance to the 

west is intimately mixed with banded gabbro. The ore is high

grade nodular chromite in which equidimensional !-inch nodules 
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of chromite occur in a matrix of fresh green monoclinic pyrox

ene. The ore averages about 5 feet in thickness and is consid-

erably broken; the tunnel follows a shatter zone that dips 

about 20° s. parallel to the ore body. 

A 

Chromite 

A' 

Section along line A-A' 

0 ZS Feet 

IBB 
Ounite Serpentine 

Note:exposures sh9wn 
by heavier pattern 

Figure 17.--Plan and section ot Celebration mine. 

Ward mine (28).--The Ward, Kingsley (30), Howard (26), 

Powers (21), and Big Bertha No. 1 (40) mines and the deposits 

west of Pine Creek (58) are similar in that the chromite occurs 

in thin tabular bodies or irregular stringers that appear. to be 

schl1eren. 
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The Ward mine is in the SEi sec. 5, T. 14 s., R. 32 E., 

about a third of a mile west of Dog Creek. The deposit was 

first worked in 1916 and was mined out late in 1918. Total 

production was between 2,000 and 2,500 tons. About a quarter 

of this was high-grade black ore averaging between 38 and 45 

percent of chromic oxide in carload lots; the remainder aver

aged 31 to 32 percent chromic oxide. Massive black ore, spot

ted ore, and nodular ore were present. The relations between 

nodular ore, spotted ore, and barren dunite are shown 1n fig

ure 12. The ore body was a vertical mass about 80 feet long, 

70 feet deep, and not more than 10 feet thick. The east end 

was faulted off against olivinite, and the west end pinched and 

faded out into barren dunite. The remaining ore in the mine 

shows well-developed vertical planar banding parallel to the 

walls. Where exposed in a cross-cut trench the spotted ore at 

the north edge of the ore body grades into 8 feet of barren 

dunite, which in turn grades into vertically banded olivinite. 

Evidence of post-chromite pegmatitic activity is revealed by 

dump specimens that contain brecciated chromite enclosed in 

very coarse grained pyroxene. 

Kingsley mine (30).--The Kingsley mine is in the SEiSWi 

sec. 9, T. 14 s., R. 32 E., in the headwaters of Dog Creek, 

about 5,300 feet above sea level. The mine was operated from 

November l, 1917, to November 1919. The 200 tons of ore ship

ped in 1918 averaged 45 percent of chromic oxide; some assays 

are reported to have run as high as 49.78 percent. The ore 

consists of black to spotted chromite and forms irregular 

bunchy stringers, from a few inches to 5 feet wide, in a dunite 

zone in olivinite. The stringers, which are essentially paral

lel,strike N. 50° w. and dip 60° NE. The zone has been explor

ed about 100 feet along the strike and 35 feet vertically by an 

open cut and four tunnels. Imperfectly banded spotted ore was 

found in a prospe·ct pit 50 feet southwest of the main workings. 
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Powers mine (21).--The Powers mine is on the ridge west of 

Dog Creek, near the middle of the west edge of sec. 4, T. 14 

s., R. 32 E. The mine was in operation from January 1917 to 

August 1918, and a total of about 480 tons of ore containing 40 

percent or more of chromic oxide was shipped. The ore consist

ed of about equal parts of high-grade massive chromite contain

ing about 50 percent of chromic oxide and low-grade spotted ore 

averaging 25 to 30 percent. The workings, which consist of a 

series of trenches and open cuts and two tunnels, all on the 

east slope of the ridge, extend over a horizontal distance of 

250 feet and have a vertical range of 50 or 60 feet. The chro

mite-bearing zone is irregular in thickness, its thickest part 

being 8 feet wide and its averege about 3 feet. The chromite 

occurs in a dunite band that is little wider than the chromite 

body. The ore and dunite trend N. 50° w. and dip 60° or more 

southwardo Planar banding is well-developed parallel to the 

walls. At the northwest end of the deposit the chromite grains 

string out into dunite and olivinite. A smali amount of fresh 

enstatite was found in some of the ore. 

Howard prospects (26).--The Howard prospects are 3,500 feet 

northeast of the Dry Camp mine, near the center of sec. 8, T. 

14 s., R. 33 E. The upper of the two principal prospects is a 

T-shaped open cut with the bottom of the T pointing northward. 

Small lenses of massive chromite and irregular masses of pyrox

ene occur in partly sheared and serpentinized dunite. Most of 

the ore contacts are faulted. The lower opening is a 75-foot 

trench along a chromite body trending N. 25° w. The main part 

of the cut is 35 feet long, 4 to 12 feet wide, and 10 feet 

deep. The ore forms a veinlike stringer of spotted and massive 

chromite in an irregular body of dunite, which grades into the 
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olivinite country rock. The distribution of chromite in the 

ore and of pyroxene in the olivinite suggest linear banding and 

are remarkably similar. About 10 tons of low-grade ore is on 

the dump. 

Prospects west of Pine Creek (58).--The prospect pits west 

of Pine Creek, in the center of the Si sec. 11, T. 14 s., R• 32 

E., reveal small chromite bodies enclosed in a lens of unshear-

ed dunite, which is nearly 2,000 feet long and ~00 to 400 feet 

wide. The dunite is itself enclosed in olivinite. The contacts 

between the two rocks are rather well exposed and indicate that 

the dunite strikes northwestward and dips 20° to 30° NE. The 

chromite forms only small irregular lenses, and no minable ore 

is exposed. The outstanding feature of the deposits is a band 

of spotted chromite bet·ween one-half inch and 3 inches thick, 

which is exposed near the upper end of the dunite mass. This 

chromite band is traceable continuo~sly on a vertical rock face 

for upwards o.f 40 feet and was followed for nearly 35 feet in a 

tunnel at right angles to the rock face. The chromite lies 

parallel to the contacts of the dunite mass and apparently is a 

schlierenlike body whose lateral extent is great in comparison 

with its thickness. 

Sheep Rock deposits (37, 40).--Three chromite deposits on 

Sheep Rock, in prospects called the Hanenkrat, Morgan, and 
w Campbell, were described by Westgate, but because of mining 

since Westgate's visit, there is some difficulty in fitting his 

descriptions to the present prospects. The Hanenkrat (40) pros

pect has been renamed the Big Bertha No. l; the Morgan and 

Campbell prospects were not definitely identified. 

The Big Bertha (37) deposit may be the same as the Campbell 

claim of Westgate. The ore is exposed in an open cut about 20 

feet long, 10 feet· wide, and 5 feet deep. The ore is low grade, 

~Westgate, L. G., op. cit., p. 43. 
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is spotted,and shows distinct vertical linear banding combined 

with planar banding striking N. 60° E. The chromite is in 

dunite, and although the planar bands feather out lengthwise, 

the lateral contacts are commonly well defined. In small ir

regular bunches and stringers of higher-grade chromite that 

occur outside of the main body of spotted ore, only vertical 

linear structure is apparent. 

0 10 Feet 

Figure 18.--Plan of Ray chromite prospects between Overholt and Indian 
Creeks showing attitude of bandiJig. The country rock is olivinite. 

Ray prospects (55, 56).--Several prospect pits have been 

dug in small chromite lenses in the west fork of Overholt Creek 

in the SEi sec. 10 and the NEi sec. 15, T. 14 s., R. 33 E. The 

relations of the two largest lenses, which are in sec. 10, are 

shown in figure 18. The ore is well-banded, partly mas·sive and 
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partly spotted. It is enclosed in dunite, which grades into 

olivinite within a few inches from the ore. The other lenses 

that have been prospected are much smaller. The average tenor 

in chromic oxide is probably about 20 percent. 

Reed (13) and Campbell mines (14).--The Reed and Campbell 

properties ere among the prospect~ in the NEi sec. 2., T. 14 

s., R. 32 E., and are indicated on plate 12 by the number (59). 

The openings are now slumped, and the .only visible ore occurs 

in two 1-inch stringers of spotted chromite in dunite and oliv

inite at the Campbell prospect. 

Deposits in serpentine 

Canyon City-Mount Vernon belt 

Silver Lease mine (10).--The Silver Lease mine is about 3 

miles northwest of John Day near the middle of the west edge of 

sec. 17, T. 13 s., R. 31 E. The workings and the distribution 

of the ore are shown on plate 20. About 700 tons of ore aver

aging 28 percent of chromic oxide is reported to have been ship

ped in 1918. The ore consists of lenses of dark spotted chro

mite bounded by slickensided contacts agatnst serpentine. The 

serpentine contains pyroxene and is probably altered olivinite. 

The ore remaining in the glory hole consists only of small 

lenses and a shell of chromite perhaps 3 feet thick that .lies 

against the gabbro (?) dike. The main ore block is west of the 

gabbro (?),which evidently cut squarely across the original 

chromite lens. 

Norway (20) end Smith & Geitsfield mines (18) end prospect 

(60).--The Norway and Smith & Geitsfield mines, in the NWi sec. 

3, T. 14 s., R. 31 E., were described by Westgate, but the lode 

deposits on the Norway ground had not been mined at the time of 

his visit. 
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The Smith & Geitsfield produced 48 tons of 35-percent chrome 

ore in 1917, and the Norway mine produced 922 tons of ore con

taining more than 40 pe.rcent of chromic oxide (Cr203) in 1918. 

Four principal bedrock deposits were mined at the Norway, the 

largest of which is shown in figure 19. The ore ranges from 

ma~sive high-grade to spotted low-grade chromite and includes 

some nodular ore. The chromite contacts are slickensided, and 

in one opening the chromite is sheared out in small lenses along 

a fault zone. The dumps contain 

N 

1 

0 20Feet 

Figure 19.--Plan of principal open-

about 400 tons of low-grade ore 

averaging 15 to 25 percent of 

chromic oxide and about 10 tons 

of higher-grade ore probably 

averaging 35 percent of chromic 

oxide. Not more than 50 tons of 

ore is visible in the ground. 

At the prospect (60) south-

west of the Norway, in the NE-!-

sec. 8, two shafts were sunk 25 

feet apart along a shear zone in 

pale-green serpentine. The zone 

trends N. 75° E. and dips 60° s. 
Spotted chromite is found on the 

dump as thin flaky pieces as 

much as half an inch thick, and 

it ls inferred that the ore oc-

cured in thin irregular bands, 

ing on Norway claim. Cr, chromite. possibly as schlieren. 

Murderers Creek belt 

Glasscock claims (15, 16, 17).--The Uncle Sam (15), Queen 

of the May (16), and Stone & Hankins (17) mines, collectively 

referred to as the Glasscock claims, are in the Ei sec. 10, T. 
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14 s., R. 28 E., about li ~ilea west of Fields Creek. The work-

ings are caved and all the deposits ar.e reported to be mined 

out, except possibly the Stone & Hankins, which is now held by 

Roy Glasscock as the Another Chance claim. The Uncle Sam and 

Queen of the May deposits, which are in dense serpentine de

rived from dunite and olivinite, produced about 40 and 80 tons, 

respectively, of ore containinJ more than 40 percent of chromic 

oxide. The Stone & Hankins mine produced about 300 tons of ore 

that averaged slightly more than 40 percent of chromic oxide 

and ran as high as 45 percent. Boulders of high-grade ore are 

exposed in small cuts near the Stone & Hankins workings, al

though no sizable bodies were found in place. 

Hankins (Spring and Chrome Ridge) mine (45).--The Hankins 

mine, described by Allen as the Spring and Chrome Ridge mine, 

is in the NE! sec. 12, Tl 15 s., R. 28 E., about a mile north 

of Murders Creek on the crest of the divide west of Oregon Mine 

Creek. About 65 tons of high-grade ore was shipped in 1918. 

The ore consists of massive black chromite that occurs in small 

lenses with slickensided contacts against the enclosing dense 

dunitic serpentine. The main body of serpentine is somewhat 

pyroxenic and probably derived from olivinite. No minable ore 

was seen. 

Delore prospects (47).--The Delore prospects are on a bare 

serpentine ridge between Deer Creek and the South Fork of Mur

derers Creek, in the wi sec. 27 and the SEi sec. 28, T. 15 s., 
R. 28 E. Total shipments amounted to about 50 tons of ore, 

said to average 54 percent of chromic oxide. The commercial 

chromite occurs as small sheared lenses in the serpentine. In 

the lowest cut, fine-grained brown chromite coatings on slick

ensided surfaces in the serpentine are unusually prominent. 

The workings include seven open cuts on the northwest s.ide of 
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the ridge, in sec. 27, and one cut on the southeast side of the 

same ridge, in sec. 28, where the only ore in place was s~en. 

Here a lens of dense black chromite 3 feet long and 8 inches in 

greatest thickness trends N. 15° E. and stands vertical in ser

pentine. This ore is somewhat magnetic and contains about 21 

percent of iron. 

Prospects near Bull Spring (61).--Three prospects are sit

uated in the vicinity of Bull Spring, which ls near the common 

corner of secs. 15, 16, 21, 22, T. 15 s., R. 28 E. The work

ings are in the serpentine that forms a bare ridge northwest of 

the road between Murderers Creek and the South Fork of Murder

ers Creeko No chromite besides that forming thin coatings on 

slickensided surfaces was seen in place, although a few small 

pieces of slickensided black ore were found on t~e dumps. 

0 
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CHROMITE DEPOSITS IN THE SEIAD QUADRANGLE 

SISKIYOU COUNTY, CALIFORNIA 

By G. A. Rynearson and C. T. Smith 

ABSTRACT 

The chromite depos1 ts described 1n this report are in the 
Klamath Mountains of ·northern California. The oldest rocks 1n 
the area are mica, chl.orite, and hornblende schists of pre
Cambrian (?) age, which are overlain by a complex series of 
metamorphosed volcanic and sedimentary rocks of Paleozoic (?) 
age. Into all these rocks quartz diorite, peridotite, and 
granodiorite were successively intruded. Auriferous terrace 
gravels, possibly of Pleistocene age, Recent gravels, and 
alluvium partly fil~ some of the larger canyons. 

The chromite deposits, which occur in peridotite, range in 
size from a few tons to more than 100,000 tons. The ore of 
m1nable grade has an average chromite content of 35 percent. 
Reserves 1n the district, as estimated from known outcrops, 
are beli~ved to be approximately 125,000 tons. At current 
prices of $20 to $25 a ton it is unlikely that any of the de
posits can be profitably worked. Though the major part of the 
tonnage is of low grade (20 percent of chromite), the material 
could be concentrated to a 45- or 50-percent product. Hand 
sorting would yield small tonnages of shipping ore. 

INTRODUCTION 

Location.--The chromite deposits described in this report 

are in the northeastern part of the Seiad quadrangle, Siskiyou 

County, California (see fig. 41). The nearest railroad ship

ping point is Hornbrook, 51 miles up the Klamath River from 

Salad Valley. The first 24 miles of the route from Seiad 

Valley to Hornbrook is a narrow, graded dirt road; the remain

ing 27 miles is paved and' oiled. 

Basis of report.--The field work for this report was car

ried on from July 25 to November 8, 1938, and from May 22 to 

July 13, 1939, under an allotment from the Public Works 

Administration for the investigations of strategic minerals. 
281 
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Fig\ll'e 41.--Index map of northern California showing location of the 
northeastern part of the Seiad quadrangle. 
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The writers are indebted to Mr. H. F. Byram and the Rustless 

Mining Corporation for permission to study their properties. 

The aid of J. R. Bovyer in mapping the Seiad Creek chromite 

deposit and the constant cooperation of the u. s. Forest 

Service and the local inhabitants are gratefully acknowledged. 

,History of mining.--The deposits of the district were lo

cated during the intensive search for chromite in the last 

years of the first World War. Mining began in 1917, and a year 

later 10 mines in the district were producing ore. Mining 

stopped when chromite prices fell at the end of the war. Inter-

est in the chromite resources of the district has been revived 

in the past few years. The Rustless Mining Corporation has 

acquired control of most of the deposits and is prospecting 

its holdings. 

Earlier investigations.--Prior to the present investiga

tion the area had not been mapped geologically. J. s. Diller 

briefly studied the chromite deposits during their early devel-

Y opment in 1917; and w. D. Johnston, Jr., spent several days 

in the area in 1931, examining some of the chromite propArties 
y 

and collecting specimens which he later described. c. v. 
Averill has briefly described several of the mines. 

y 

!/Diller, J. s., Chromite in the IClamath Mountains, California and 
Oregont U. S. Geol. Survey Bull. 725 1 . pp. l-84 1 1921. 

~Johnston, W. D., Jr., Nodular, orbicular, and banded chromite in 
northern Californiat Econ. Geology, vol. 31 1 pp. 417-427 1 1936. 

~Averill, c. Y., Kines and mineral resources or Siskiyou Countya 
California Jour. Kines and Geology, vol. 31, no. 31 PP• 255-338, 1935. 
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GEOLOGY 

Metamorphic rocks 

Older rocks.--The older metamorphic rocks of the area are 

mica, chlorite, and hornblende schists, not differentiated on 

the geologic map (pl. 40). The areas underlain by them, mainly 

in the east half of the region mapped, are densely covered with 

trees and underbrush and contain few good exposures, but the 

gray to brown soil derived from them is rather distinctive. 

The mica schist ranges in color from light gray to nearly 

black. It contains both colorless and black mica and quartz. 

Some of the quartz occurs in small lenticular masses that lie 

parallel to the planes of schistosity. Thin bands of nearly 

pure quartzite, which also lie parallel to the schistosity, 

suggest that bedding and schistosity coincide and that the mica 

schists were derived from sandy argillaceous sediments. 

The chlorite schist is light to dark grayish green and 

stron'gly foliated. It contains much more feldspar than the 

mica schist and is believed to have been derived from ande

sitic volcanic rocks. The relations between the chlorite and 

mica schists were not determined. 

The hornblende schists are comm.only found near contacts 

between chlorite schist and later intrusive rocks and appear 

to be a product of igneous metamorphism. They are dark green 

or gray where fresh and brownish where weathered. 

Younger rocks.--Metamorphosed volcanic rocks whose rela

tions and character indicate that they are younger than the 

mica and chlorite schists occur in the Marble and Siskiyou 

Mountains and occupy two areas in the west half of the region 

mapped. The area occupied by similar rocks north of the 

Klamath Rive-r extends northward into Jackson County, Oregon. 
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The original character of these rocks is beat indicated in 

places north of the Seiad quadrangle, where they have been only 

moderately metamorphosed. Amygdaloidal and other volcanic tex-

tures may there be recognized, and the series appears to have 

consisted mainly of andesitic and basaltic flows and sills, 

though it also contained thin layers of sandstone, tuff, and 

shale, and some thick layers of limestone, now altered to mar-

ble. Within the Seiad quadrangle the volcanic rocks have 

mostly been altered, probably by intrusive processes, to 

schists and gneisses, though bedding is still recognizable in 

some of the sedimentary layers. 

The ma~ble occurs· as lenses and layers, in places nearly 

1,000 feet thick. The rock is coarse-grained and grayish white. 

Chert bands and thin quartzite beds, which are found in many 

parts of the exposures, give clues to the original bedding, 

much of which has been obscured by metamorphism. The marble 

is well-exposed on the west side of Grider Creek Canyon, where 

it forms cliffs more than 500 feet high. 

Igneous rocks 

Quartz diorite.--Quartz diorite, exposed in the southern 

half of the region, has been intruded into the schists and 

other metamorphic rocks and is older than the peridotites and 

the granodiorite. Its geologic age is not known more defi

nitely than these relations indicate. It is medium-grained 

and medium gray, with a greenish cast in places. It consists 

mainly of andesine, hornblende, and quartz and contains a 

11 ttle bioti te. 

Gneissic structure resembling flow banding is commonly 

present but is not conspicuous everywhere. Both the gneissic 

quartz diorite and the volcanic rock have been so intensely 

metamorphosed that in several places the contact between them 
256559 0-40--2 
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is not readily recognized. These rocks, therefore, are not dis

tinguished on some parts of the map. Much of the area near 

Canyon Creek and Devils Peak mapped as younger metamorphic 

rocks is quartz diorite. 

Peridoti te and s.erpentine. --The largest body of peridoti te 

wholly within the region extends north-northwest from the mouth 

of McGuffy Creek to Schutte Gulch, but many other bodies crop 

out in the western part, and two small ones are exposed in the 

northeastern part of the region. Some of the bodies are sill

like, but most of them are dikes. 

The peridotite is mainly the variety dunite, a rock consist

ing essentially of olivine, but locally it grades into saxonite 

by an increase in the percentage of ens.ta ti te. The peridoti te 

is for the most part relatively fresh, although it is largely 

altered to serpentine along fractures and shear zones. The 

small bodies of completely serpentinized rock may represent a 

different period of intrusion. The rock, where it is not much 

serpentinized, is yellowish green to greenish black on fresh 

surfaces and weathers to brown or brick red. Accessory min

erals, such as pyroxene and magnetite, are relatively resistant 

to weathering and stand out in relief on weathered surfaces. 

The peridot1 te may usually be recognized in the field by its 

reddish outcrops and soil and by the sparse vegetation that it 

supports. The serpentines and the more highly serpentinized 

peridotites weather to a light-green or greenish-brown color 

and are characterized by slick, curved surfaces with a waxy 

luster. 

The mineral composition of the peridotite varies only 

slightly. Olivine is the chief constituent, usually forming 

about 95 percent of the rock. Enstatite also occurs in vary

ing amounts. Chromite and magnetite are, for the most part, 

accessory minerals, occurring as sparsely disseminated grains, 

although in places chromite forms masses large enough to be of 
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economic importance. Tremolite, talc, anthophyllite, chlorite, 

magnetite, and serpentine minerals occur as products of meta-

morphism and hydrothermal alteration. 

The peridotite bodies are intr~ded into all of the meta-

morphic rocks, including the quartz diorite, and granodiorite 

and associated pegmatites are in turn intruded into them. Their 

geologic age is tentatively classified as late Jurassic or 

early Cretaceous, on the basis of observations made in other 

parts of the Klamath Mountains • .!/ 
Granodiorite.--The granodiorite is a light-colored, medium-

grained plutonic rock, possibly equivalent to the "Siskiyou 

granodiorite" described by Maxson • .2/It crops out east of Seiad 

Valley and between Walker and Grider Creeks. The principal 

minerals are quartz, plagioclase, orthoclase, muscovite, and 

biotite. Considerable variations in the percentages of the 

different minerals result in facies that approach quartz mon-

zonite or quartz diorite in composition. Border facies com-

monly contain large inclusions of the younger metamorphic rocks. 

These inclusions have been partly assimilated, and some contain 

much garnet. 

Small pegmatitic bodies occur within the main mass. They 

are composed of coarse-grained quartz and sodic plagioclase, 

books of muscovite and biotite, and occasional garnet crystals. 

At many places in the area pegmatite dikes, thought to be re-

lated to the granodiorite, invade the peridotite and younger 

metamorphic rocks. The granodiorite is slightly affected by 

dynamic metamorphism. 

if Diller, J. s., u. s. Geol. Survey Geol. Atlas, Port Orford folio 
(No. 89), p. 4, 1903. Diller, J. s., u. S. Geol. Survey Geol. Atlas, 
Riddle folio (No. 218), p. 4, 1924. Shenon, P. J., Geology and ore de
posits of the Takilma-Waldo district, Oregon& U. s. Geol. Survey Bull. 
846, p. 1609 1933. Maxson, J. H., Economic geology of portions of Del 
Norte and Siskiyou Counties, northwesternmost California& California Jour. 
Mines and Geology, vol. 29, p. 131, 1933. 

§/Maxson, J. H., idem. 
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Q.uaternary deposits 

Gravels.--Some of the gravel terraces along the Klamath 

and Scott Rivers are as much as 1,000 feet above the present 

river beds. The gravels contain boulders of peridotite, schist, 

and quartz diorite in a partly consolidated sandy matrix. Some 

of the deposits are nearly 100 feet thick, but present-day 

hydraulicking operations for the recovery of gold are rapidly 

removing them. 

The age of the gravel terraces has not been definitely de

termined. Repeated rejuvenation of the rivers, perhaps begin

ning in Pleistocene time, is indicated by the various terrace 

levels. No fossils were found, and no measurements or correla

tions were attempted. 

Alluvium.--Unconsolidated mixtures of sand and gravel with 

a few large boulders partly fill many of the canyon bottoms in 

the area. A small alluvial plain underlain by as much as 30 

feet of alluvium forms the floor of Seiad Valley. 

Structure 

The structure of the area is complex and far from being 

completely understood, but some of its main features may be 

stated. The most notable structural feature is the northerly 

trend of the rocks. 

The schists, for the most part, strike from N. 40° E. to 

N. 25° w. and dip moderately or steeply to the northwest or 

northeast. Interbanding of the various kinds of schists sug

gests that isoclinal folding may have occurred. 

The younger metamorphic rocks are relatively undeformed. 

Their dips are generally low and are influenced by the prox

imity of intrusive bodies. Broad plunging folds are traceable 

in a few places. In general the rocks dip to the northwest 

and strike about N. 30° E. 
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The quartz diorite was intruded as an elongate body trend

ing west of north. Gneissic structure resembling flow-banding 

is indicated by alinement of the mafic minerals. The well

developed gneissic structure in the northern part of the area 

is believed to be due in part to later deformation. North of 

Seiad Creek the quartz diorite has permeated the schist along 

the contact, forming a wide band of injection gneiss. 

The larger bodies of peridotite also follow a north to 

northwest trend, closely parallel to the structure of the other 

rocks. In some places peridotite has been injected along planes 

of foliation in the quartz diorite to form alternating bands of 

the two rocks through a zone 500 feet in width. Foliation is 

prominent in the peridotite and is best developed near contacts 

with earlier rocks. 

Fractures cut some of the chromite deposits, but the dis-

placements on them are generally not more than a few feet. One 

fault zone was observed along Seiad Creek in sec. 33, T. 47 N., 

R. 11 w., but the amount of displacement could not be measured. 

Some mineralization is associated with this fault, and a num

ber of gold prospects are located along it. Landslides in the 

peridotite and serpentine are numerous, and two of the smaller 

chromite deposits are in landslides. 

ORE BODIES 

The chromite deposits are enclosed in zones of partly ser-

pentinized peridotite containing 50 to 90 percent of the origi

nal olivine. In this respect they contrast with the deposits 

in Del Norte County, which are in wholly serpentinized rock. 
§/ 

The ore bodies, most of which are tabular, contain several dis-

tinctive types of ore. The most prominent ore bodies in the 

Seiad Creek and some smaller deposits are composed of massive 

§/Maxson, J. H., op. cit., p. 149. 
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or layered chromite-bearing rock. Individual layers taper out 

and become ill-defined toward the ends and are most sharply 

defined at the sides. A few claims contain small amounts of 

orbicular and nodular ore, but massive or banded chromite con

stitutes the main ore bodies in all the deposits visited. 

The ore deposits strike approximately parallel to the elon

gation of the peridotite areas, but they are not confined to 

any single zone. 

The lengths of individual ore bodies, except in the Seiad 

Creek deposit, are at most only a few hundred feet. The chro

mite zones are discontinuous individual lenses of ore only a 

few feet or a few tens of feet in length. The chrome-rich 

zones contain between 20 and 40 percent of chromite, analyses 

of which average more than 50 percent of Cr2o3 • 

Mineralogy 

The only ore mineral found in the deposits is chromite, 

whose formula is generally written as FeO.cr
2
o

3
• Pure chromite 

contains 68 percent of chromic oxide and 32 percent of ferrous 

oxide, but in nature this ideal composition seldom occurs owing 

to the presence of aluminum, ferric iron, and magnesium in the 

chromite molecule. Because of the presence of these other ele

ments the formula for chromite is more accurately written as 

(Fe,Mg)O.(Cr,Al,Fe)203. 

district follows: 

An analysis of chromite from the 
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Analysis of chromite from the Seiad Creek deposit 
ll 

,LCharles Milton, analys!?' 

A B A B 

Cr2o3 .•••••••••••• 57.92 59.19 NiO •••••••.•• • • • • · 0.06 0.06 

Al203••••••••••••• 5.84 5.97 MgO ••••......•••. 13.12 12.73 
Fe203· •••..••••..• 6.40 6.54 Cao ••••••••.•.••. .26 
Feo ••••.•••••••••• 14.83 15.16 Si02 •••••••••.••• 1.29 
Mn.O. • •• • •••••••• • • .25 • 25 Total •••.•. 99.97 99.90 

};/Johnston, w. D., Jr., op. cit., p. 42S. 

A. Ae a.naly&ed. 

B. Atter deducting.2.2 percent for (Ca,Ug)Si03, aaaumed to be preaent 
aa an impurity. 

The chief gangue minerals are olivine and serpentine, with 

olivine usually predominant. Small amounts of carbonate 

(magnesite?), kaemmererite, and uvarovite occasionally accom-

pany the serpentine. Separation and concentration of the ore 

is made difficult by this type of gangue. The small difference 

of about 1.0 between the specific gravities of chromite and 

olivine is especially unfavorable to gravity concentration. 
'!) 

Averill has described the results of some me·tallurgical work 

on ore from the Seiad Creek deposit. Concentration experiments 

were made that involved three types of magnetic separation, two 

types of flotation, and a method of tabling. The results are 

shown graphically in figure 42. The most satisfactory results 

were obtained by flotation of the chromite in an ore that 

assayed 32.17 percent of Cr2o3 ; one cleaner furnished concen

trates that assayed 56.35 percent of cr2o3 , with a recovery 

of 89.7 percent. 

'!./Averill, c. V., op. cit., p. 268. 
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Character of ore 

Four distinct types of ore--banded, mas·sive, nodular, and 

orbicular--are found in the deposits in the quadrangle. The 

types most important economically are the massive and banded 

ores (pls. 41, ! 1 _!!,and 42, _!!),both of which are represented 

in the Seiad Creek deposit. 

Figu.re 42.--Diagram showing results ot metallurgical teats on Seiad Creek 
ore in percentage of recovery and percentage of Cr2')3 in concentrate, by 
six different methods. (After Averill.) 

The banded ore consists of more or less continuous layers 

of chromite alternating with layers of partly serpentinized 

dunite. The chromite bands are mostly about a quarter of an 
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inch wide but may attain a width of 3 inches. In general they 

appear to have sharp boundaries, and the chromite grains are 

seen on close inspection to crosscut the olivine grains along 

the edges of the bands. Any single band extends for 15 or 20 

feet at most and tapers out where another band a few inches to 

one side displays its maximum width. 

Massive ore, averaging 60 percent of chromite, is found in 

several deposits, but only at the Seiad Creek deposit does it 

form ore bodies of noteworthy size. The banded ore grades into 

massive ore where the bands merge, but traces of banding are 

visible in even the most massive ore. 

Nodular ore (pl. 42, !) occurs in two prospects. The nod

ules of chromite are embedded in a matrix of partly serpentin

ized olivine and pyroxene. The relation of the nodules to .the 

foliation of the peridotite could not be determined. 

Orbicular ore, consisting of close-spaced orbicules embed

ded in a matrix of serpentine, chromite, and serpentinized 

olivine (pl. 43, !_, ~}, occurs in one deposit. The center of 

each orbicule consists of a mass of chromite crystals, which is 

surrounded by a shell of olivine. Some of the orbicules con

sist of several alternating shells of chromite and olivine. 

Where the chromite interstitial between the orbicules is abun

dant (pl. 43, !,} the orbicular rock is good ore; elsewhere it 

averages only about 20 percent of chromite. 

Chromite deposits have long been regarded as products of 

magmatic segregation. The universal association of chromite 

with ultrabasic rocks indicates a close genetic relationship. 
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Y. Recent workers have questioned the magmatic segregation theory 

and have suggested that some of the chromite ores may be hydro

thermal, or at least formed during a later magmatic stage than 

had previously been supposed. 

Thin sections of the ores from the Seiad quadrangle are 

interpreted to indicate that chromite has replaced the olivine 

and pyroxene of the peridotite, for inclusions of olivine and 

of serpentine probably derived from olivine are common in the 

chromite, whereas the nearly complete absence of chromite inclu-

sions in olivine implies that the olivine had almost completely 

crystallized before the chromite was formed. Chromite is always 

accompanied by serpentine, and olivine and chromite crystals are 

everywhere separated by thin sheaths of serpentine. Crystalli

zation is believed to have yielded aqueous, chromite-rich resid-

uel liquors, which were introduced by a filter-pressing process 

into adjacent parts of the newly consolidated magmatic mass. 

Most of the serpentinization accompanied the introduction 

of chromite in the late magmatic period. Later hydrothermal 

activity formed crosscutting ~einlets of serpentine accompanied 

by carbonate, kaemmererite, and a little uvarovite. The dis-

tinction between the late magmatic and the hydrothermal serpen-

tinization is emphasized by a small dike of relatively fresh 

saxonite that crosscuts the serpentinized banded ore and is cut 

in turn by hydrothermal veinlets of serpentine and carbonate 

(pl. 41, !!) • 

Structural control is believed to have influenced the 

emplacement of the banded ores. Differential stresses set up 

in the partly consolidated magmatic mass could conceivably 

§/Sampson, Edward, llay chromite crystallile late?& Reon. Geology, 
vol. 24, pp. 632-641, 1929. Rose, c. s., Ia chromite always a magmatic 
segregation product?a Econ. Geology, vol. 24, pp. 641-645, 1929. Fisher, 
L. w., Origin ot chromite deposits& Econ. Geology, vol. 24, pp. 691-721, 
1929. Sampson, Edward, Varieties of chromite deposits& Econ. Geology, 
Yol. 26, pp. 833-839, 1931. Eskola, P., On the chrome minerals ot 
Outokumpua finland Geol. Comm. Bull. 103, pp. 26-44, 1933. 
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produce marginal zones of weakness into which, by a filter

pressing process, the chromite-rich liquid could migrate and 
y 

replace the olivine and pyroxene. Osborne has deduced a simi-

lar origin for certain titaniferous iron ore deposits. The 

original nature of the marginal zones is not apparent, being 

obscured by serpentinization, but it is suggested by the folia

tion of the peridotite and by evidence of protoclastic structure 

and, possibly, of some recrystallization of the olivine. Such 

structure could result from differential flowage or fracture, 

or both, in the partly consolidated magma. The relative impor

tance of the two processes is uncertain, but flow was probably 

dominant at first and fracture later. Evidence that stresses 

continued after the emplacement of the chromite is given by 

folding in the banded ore and by thin cross veins of serpentine 

and carbonate (pl. 41, ~) in t~e chromite. 

The orbicular and nodular chromite is believed to have 

resulted from the replacement of the original structure in the 

peridotite, although the nature of the original structure is 

not understood, having supposedly been obscured beyond recogni

tion by serpentinization. Marginal facies of the nodule-bearing 

rock exhibit structural features similar to the orbicular chro-

mite; both types, therefore, are believed to have originated 

from similar processes. Flattening and elongation of the 

orbicules is probably due to the same stresses that affected 

the banded ore. 

The exact stage at which the chromite was crystallized has 

little economic importance. It is important, however, that the 

chromite is a part of the enclosing dunite, so that its occur-

ranee bears no relation to post-dunite fissures or to the pres-

ent topographic surface. 

~Osborne, r. F., Certain magmatic titaniferous iron ores and their 
origins Econ. Geology, vol. 23, no. 7, pp. 750-752, 1928. 
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Localization 

The chromite ore bodies lie parallel to the foliation of 

large peridotite bodies that trend about H. 20°-30° w. across 

the area. The foliation strikes N. 26°-64° w. and dips 37° to 

75° sw. Two joint systems are present in places; one system is 

normal to the planes of foliation; the other is perpendicular 

in strike to the foliation and its dips are steep. 

The chromite deposits are not found at any particular posi

tion within the peridotite masses, and there is no apparent 

relation between the sizes or distribution of the deposits and 

their distances from contacts. 

The four types of ore--banded, massive., nodular, and 

orbicular--grade into one another without apparent change in 

the s.tructure or mineralogy of the peridoti te. 

The largest ore bodies are roughly tabular masses rich in 

chromite which occur in partly serpentinized peridotite. At 

the Seiad Creek deposit individual layers and groups of layers 

lie parallel to the foliation but are arranged en echelon, so 

that the deposit as a whole cuts across the foliation of the 

per1dot1te at a small angle. In other deposits the relations 

are undetermined because of small outcrops and poor exposures, 

but individual ore bands appear to be parallel to the foliation. 

Chromite is unevenly disseminated through.out the peridotite. 

In places disseminated chromite increases fn amount until it 

constitutes 60 percent of the rock. Massive ore results where 

such concentration has been attained between several adjacent 

chromite bands. No structural control that influenced the 

distribution of massive ore could be found. 

The orbicular ore is scant. Its mode of occurrence is 

similar to that of the banded ore. 
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Size and grade of known ore bodies 

In this report ore bodies that are exposed on the surface 

and are intersected by an adit, although blocked on two sides 

only, are considered as probable ore. In open cuts exposing 

banded ore a depth of no.t more than 5 feet is assumed unless 

added information about the extent in depth was obtained. 

Assays and measurements of grade were unavailable for most 

of the deposits. At the Seiad Creek deposit, grab samples 

taken across the strike of chromite-rich bands averaged 38 per-

cent of chromite and gave a concentrate averaging 52.37 percent 

of cr2o3 • The amount of magnetite was believed not to exceed 

5 percent in.any of the samples, and it may be as low as 1 per

cent in some. An analysis of chromite in the orbicular ore 
l.Q/ 

showed an average Cr2o3 content of 51 percent. These analyses 

come from widely separated deposits and are believed to be rep

resentative for the area. 

Reserves 

Surface mapping and grab s.ampling at the Seiad Creek, 

McGuffy Creek, and Fairview deposits indicate about 45,000 tons 

of 35-percent ore. Geol~gically reasonable assumptions of con

tinuity along the strike between exposures indicate an addi

tional 60,000 tons of 35-percent ore. Deeper exploration by 

adits or diamong drilling would doubtless increase these esti-

mates. 

In the same deposits an estimated 200,000 tons of 20-percent 

ore lying above the lowest working or outcrop is indicated. The 

tonnage of 5-percent ore is much larger. 

lg/ Johnston, W. D., Jr., op. cit., p. 420. 
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MINES 

Seiad Creek deposit 

The Seiad Creek deposit, owned by the Rustless Mining Cor

poration, is in sec. 20, T. 47 N., R. 11 w., on a ridge between 

the forks of Seiad Creek (pl. 44), 7 miles by mountain road 

from Seiad Valley. Seiad Creek carries a good flow of water 

the year round, ahd the neighboring slopes are well-timbered. 

The deposit is developed by 500 feet of underground work

ings in two adits (fig. 43) and by 27 open cuts and pits. 

Another adit is very short and has caved. Several foot trails 

and a sled trail make the adits and cuts accessible from the 

end of the road. In 1938 and 1939 the owners improved the road 

and trails and opened up several new cuts. 

The country rock is peridotite originally consisting almost 

entirely of olivine, which is now partly altered to antigorite 

and talc. The peridotite has a well-developed foliation strik

ing N. 26°-64° w. and dipping 37° to 75° NE. It is cut by a 

set of joints with a strike parallel, and a dip approximately 

perpendicular, to the foliation. The peridotite is in contact 

with chlorite schist along the east fork of Seiad Creek and 

with quartz diorite on the west slope of the west fork of Seiad 

Creek. At the contact with the diorite the peridotite has been 

injected along the gneissic planes of the diorite to form a 

zone of alternating sheets of the two rocks, in places 500 feet 

wide. Pegmatite dikes crop out on both sides of the ridge 

between the forks of the creek at an elevation of about 4,000 

feet. 

The chromite-bearing zone, which transects the foliation 

of the peridotite at a small angle, consists of a series of 

elongated bodies arranged en echelon. Exposed bodies of chro

mite from 2 to 15 feet in thickness extend discontinuously for 
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a distance of 3,000 feet. In general the ore is rudely banded 

and consists of small lenses of chromite intermixed with oliv

ine. Most of the bands range from a fraction of an inch to a 

few inches in width, but individual bands of massive ore attain 

a width of 2 feet. Grab samples taken across chromite-rich 

zones in various parts of the deposit contained 17 to 64 per

cent of chromite and less than 5 percent of magnetite. The 

concentrate from these samples averaged 52.37 percent of cr2o3 • 

The grade of some of the ore sampled could be substantially 

raised by mechanical concentration or hand sorting. Kaemmererite, 

antigorite, and talc occur in cross fractures. 

Minor post-chromite faulting was observed in the under

ground workings, but measurable displacements were not more than 

a few feet. Although surface indications are obscured by ser

pentinization and weathering, faulting has undoubtedly occurred 

in other parts of the deposit. Whether the faulting is of suf

ficient magnitude to displace chromite bodies into unexposed 

positions could not be definitely determined. 

Chromite-rich bodies from 2 to 15 feet in width are exposed 

in several open cuts and adits, commonly as alternating bands 

of 11high grade.11 and barren rock. The widths can be stated only 

approximately, as the "assay boundaries" of the ore would vary 

with the mining and milling methods used. Many of the bodies 

are pod-shaped and consist of massive chromite with little or 

no olivine; others are of relatively low grade, containing from 

5 to 20 percent of disseminated chromite. Variations in shape 

and grade are great and unpredictable. The ore bodies show 

both lateral and vertical thinning, and chromite bodies are 

exposed underground that do not appear on the surface. 

In calculating the reserves of this deposit, several 

assumptions are made that apply to all the deposits described. 

1. The ore is assumed to average 9 cubic feet to the ton. 
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2. The ore exposed in each open cut is considered to be a 

separate unit except where ore is exposed on the surface between 

cuts. 

3. The widths of the ore bodies are only approximate, as 

they would vary with such factors as assay boundaries, hand 

sorting, and mining and milling methods. 

4. Ore was assumed to extend at least to the two adit 

levels unless a shallower depth was indicated by other evidence; 

and in some places it was proved this deep. 

5. Probable ore is defined as ore in sight from adits, 

open cuts, and surface exposures. 

6. Possible ore is defined as ore that is not exposed on 

the surface or cut by adits but assumed to be present along the 

strike of the ore zone. 

On the above assumptions, indicated reserves, in tons, of 

the Seiad Creek deposit, averaging 35 percent of chromite, are 

estimated in the table below. 

Assuming Assuming aver-
vertical age dip of ore 

ore shoots shoots as 50° 

Probable ore . ...................... 38,000 49,000 

Possible ore . ..................... , 51,500 67,000 
89,500 116,000 

Fairview group (Hamburg Bar mine) 

Five claims (fig. 44) located on both sides of the ridge in 

sec. 34, T. 46 N., R. 11 w., are owned by Mary F. Reddy, of 

Medford, Oreg., and are under option to the Rustless Mining 

Corporat·ion. Two miles of graded road connect the property 

with the Klamath River highway. The workings consist of five 

open cuts in ore. This deposit has not been worked since the 

f 1rst World War. 
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The chromite occurs in layers and in disseminated grains 

along zones parallel to the foliation of the peridotite country 

rock. The largest concentrations of chromite are exposed in 

two open cuts near the common corner of Fairview claims Nos. l, 

2, 3, and 4. The larger cut, which is on top of the ridge, 

exposes two zones of banded ore containing 20 to 25 percent of 

chromite, each zone 2 to 3 feet wide, 75 feet long, and sepa

rated by 3 to 6 feet of barren rock. The bands strike roughly 

N. 50° w. and dip 40° SW. About 10 tons of 20-percent ore is 

stacked on the dump. The other open cut also exposes two zanea 

of chromite bands, which may represent the displaced extension 

of the bands in the upper cut. The zones are of lower grade in 

this cut than in the other; they range from 6 inches to 4 feet 

in width. 

There are scattered outcrops of chromite at other places on 

the claims, but they are small and the major part of the chro

mite has already been mined. 

Indicated reserves are estimated to be about 1,800 tons of 

35-percent ore, of which l,250 tons is probable ore and 550 

tons is possible ore. 

McGuffy Creek deposits 

Several chromite deposits, known collectively as the 

McGuffy Creek deposits, occur in the northern part of sec. 25, 

T. 45 N., R. 11 w., and in the western part of sec. 30, T. 45 

N., R. 10 w. Ore was shipped from three of these deposits dur

ing the first World War. Since that time four of th~ claims 

have been resurveyed and are now leased by H. w. Gould to the 

Rustless Mining Corporation. A sled trail and several foot 

trails connect the deposits with the Scott River road. The 

claims are described under their former names because it is not 

known whether the new claims include all the old workings. 

Where it is possible the new names also are given. 
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Octopus claim (Marz Lou, Chromite).--The Octopus claim was 

later relocated as the Mary Lou claim by Gus Kehrer,, of Scott 

Bar, and ls now known as the Chromite claim of the Rustless 

Mining Corporation. Workings consist of three open cuts and a 

short ad1t that ls thoroughly caved. Much faulting and slip

ping are indicated in the peridot1te. The chromite occurs in 

layers striking N. 38° w. and dipping 50° SW., parallel to the 

follat1on of the per1dot1te. On the western margin ls a small 

quantity of orbicular chromite, with the orb1cules flattened 1n 

this same plane. Chromite bands are exposed over a width of 20 

feet, a depth of nearly 50 feet, and a length of at least 25 

feet along the strike, but more than half of the exposed width 

of the zone consists of barren rock. The richest part of the 

zone contains 25 to 35 percent of chromite. About 1,390 tons 

of ore averaging 35 percent of chromite ls indicated. 

Red Butte claim (Veta Grande).--The Red Butte claim ls now 

known as the Veta Grande claim of the Rustless Mining Corpora

tion. Workings consist mainly of two large open cuts. In only 

one are appreciable amounts of chromite exposed, and a short 

adit, now caved, has been driven across the chromite zone at 

the end of this cut. As in the Octopus claim, the chromite 

occurs as bands in peridot1te. Individual bands range from a 

fraction of an inch to an inch in width and occur 1n a zone 

about 10 feet wide. Chromite ls exposed in this cut along the 

strike for 150 feet, and it may extend discontinuously to the 

other cut. The average grade ls about 20 percent. Large crys

tals of kaemmererite occur with talc and serpentine in cross

fractures in the chromite zone. About 3,340 tons of ore aver

aging 35 percent of chromite are indicated. 

Liberty claim (Cerro Colorado).--The Liberty claim is now 

the Cerro Colorado claim of the Rustless Mining Corporation. 

The workings on the old Liberty claim consist of two open cuts 
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on the west side of McGuffy Creek. The chromite occurs in 

bands that conform to the contorted foliation of the perldotite, 

suggesting that the rocks were contorted after the chromite was 

introduced. The bands are, on the average, approximately verti

cal and strike s. 10° E. into the side of the hill. Chromite 

ls exposed in a zone 50 feet wide, about 10 percent of which 

would be m1nable. About 10 tons of 20- to 30-percent ore is 

st~cked on the dump. About 139 tons of ore averaging 35 per

cent of chromite ls indicated. 

Jumbo claim.--workings on the Jumbo claim consist of an 

open cut with a 15-foot adit. The ore ls of the banded type 

and is contorted as 1n the Liberty claim. No ore has been 

shipped, but about 25 or 30 tons containing 30 percent of chro

ml te has been mined and stacked on the dump. No estimate of 

additional reserves was made. 

Neptune claim (Napatama ?}.--Two open cuts and several 

prospect holes are opened up on the Neptune or Napatama (?} 

claim. The chromite rock 18 banded and occurs 1n a zone 5 feet 

wide and more than 100 feet long that trends N. 17° w. and dips 

60° sw. No ore has been shipped, and because of the spotty 

distribution of the chromite the reserves are not believed to 

be large. 

Black Spot clalms.--Two chromite claims, Black Spot No. 1 

and No. 2, have been located by Elmer Weeks, of Scott Bar, on 

the ridge north of McGuffy Creek. In both claims the chromite 

occurs as nodules. The chromite of Black Spot No. 1 was found 

1n a slide and that of Black Spot No. 2 in a small outcrop on 

the top of the ridge. 

Reliable tonnage estimates of the McGuffy Creek claims 

could be made only after extensive development. Trenching 

along the side of the ridge between the Red Butte and Liberty 

workings has uncovered small outcrops of chromite, indicating 

the possible presence of other chroml te bodies. 
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Dolbear mine 

The Dolbear mine is about 800 feet above the Klamath River, 

on the line between secs. 16 and 21, T. 46 N., R. 11 w. The 

property is patented by the Reddy· interests of Medford, Oreg. 

There are several open cuts in ore, but they are so much caved 

that the extent of the ore in the deposit is concealed. Out

crops were observed along the ridge to an elevation of about 

3,000 feet. A small amount of uvarovite was noted in cross 

fractures of the chromite. Reserves are roughly estimated to 

be 2,000 tons of rock averaging 35 percent of chromite. 

Barton claim 

The Barton claim, near the northern edge of sec. 9, T. 46 

N., R. 12 w., is developed by two open cuts. The chromite left 

in these cuts is in part massive, in part disseminated. Ore 

was shipped during the first World War, and nearly all of it 

seems to have been mined out, as the reserves appear to be 

negligible. 

Unidentified prospects 

Near the southern edge of sec. 3, T. 46 N., R. 13 W., is 

an open cut in massive chromite, nearly all of which has been 

removed. About a ton of ore remained on the dump. Some 

kaemmererite accompanies the chromite, which occurs in black 

serpentine. No minable ore is thought to remain. 

Three open cuts in disseminated and banded chromite on 

the eastern edge of sec. 19, T. 45 N., R. 10 w., were visited. 

Some of the chromite bands are 2 inches wide, but the total 

amount of chromite cannot be more than a few tons. 

0 
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TUE BIOSTRA'rIGRAPHY OF GLYGYMF!~RIS VEATCHII IN CALIFORNIA 

ABSTRACT 

The stratigraphy and eorrelation ot upper cretaceoue 

rocks comprise one of the niajor problEtll'.\S ot Pacific coast 

geology. It is particularly significant as the search 

for :petroleum. penetrates into progressively older rook 

tormationa 1n calitorni~h AfJ a step toward olarificati<>n 

ot '-the problem this paper at,:tempts to i ndicate the possible 

evolution and variation in a single fossil molluscan specie• 

during upp er cretaceous and early Tertiary tim.Eh 

The results ot the present study are th~~e-told: 

(l) The evolution of Glzof!!;r1s veatohii has been traced. 

(2) '?he number of ribs on a valve 1s found to vary inverse• 

ly with the g~olog1.o age ot the specim.en. (3) TWO new 

varieties, GlzeY!eris veat~hii red4i I!f>enSi$, and £!• veatohii 

anae, alJd one uaw ~peeies• Q• mQganoseneia, have been 

recognis~d., and Q• nmJ~r is shown to be e.n invalid species. 

A tentative corral.a. ti on ot the upper cretaceous 

looalitiae used in this paper is presented, and syst.ematio 

description of the species and varieties described in

cluded. 



THE BIOSTRATIGRAPHY OF GLYCYMl~RIS VEAT'CHII IN CALIFORNIA 

INTRODUCTION 

The s-tratigraphy and oorrelat1 on ot upper cretaceous 

rocks comprise on~ of the major problems of Pacific coast 

geology. Information bearing on this subject is rapidly 

assuming added economic signlfleanoe as the search for 

petroleum penetrates into progressively older rock form.a• 

t1on$ in California. Although general relationships of 

the various cretaceous strata are well-known• little has been 

done with detailed subdi'V1s1on into series, stages, and 

zones; so essential to economic exploitation. As an aid 

to a better understanding of the sequence and correlatton 

of the stra.tigraphio units that are grouped in the late 

cretaceous and early Terti a ry, the present paper attempts to 

indicat e the po s sible evolution and variation in a single 

fossil mollus<nm species during this portion or geologic 

time. 

'!'his study is primarily paleontologiot one of its 

purposes 'b~ing to \1\,etermine tbb.e time•s\ratigraph1o positions 

ot the var1et1ea and subspecies ot Glzoperis veatQhii 

Which have ~een listed, described, or ~igured since aabbta 

original work. Large eolllilctions were examined from wide• 

ly separated looalities in California; representing the 

few established. hol'izons in the upper cretaceous section. 



The evolutionary t'.rends ot oizoymeris v eatchii indicated 

by this study v1ere traced with the use or additional collec

tions; until nearly all well-exposed upper cretaoeous 

eeeti ons tha t yiel.d fossil specimens in the s~Gate had 

been assigned positions in the stri.:d~i graphic column (see 

tat1le l). 

stratig:ra.p hi o su.bdi vision or cor :i;ell'.1 t: ons established 

on the basis ot a single species should be modifled by a 

consideration of the trends within the faunas as a whole. 

The evolution of any individual or group Qf related i~di• 

'fidua.ls, Wnile parall~ling the evolution ot the entire 

fauna., may be aocele:rated or retnrded with respect to the 

rate at which the $ssemblage as a whole evolves. For 

this ret}son the t entative correlation chart (table 2) 

combines the results of this pHper end unpublished work 

by Dr.,. w. P• :Popenoe. 

A.Olrnowledeients.• I am indebted to Dr. Willis p. 

Popenoe of the California Institute of Technology for 

suggesting the problem, and for counsel and advice through• 

out the period ot its investigation. In addition, Dr. 

popenoe has furnished a large portion or the stratigraphic 

data and has generously made available much unpublished 

material. Dr. Chester stock criticised the manuscript 

and gave generously of his ti ~ne dul:"ing its preparation. 

I am indebted to George P• Zobal tor unpublished intol"-.. 

mation on the stratigraphy of the Simi Hill•• 



STATEMENT OF PROBLEM 

Glyaymerie veatchii is a very abundant peleeypod in 

most of the fossiliferous upper cretaceous de:>osi ts ot: the 

Paci.tie coast. similar forms, some described as va:d.an·ts, 

others as new species, ar E' found in the .Mart1n•z Pa.leoeene 

and in the Meganos of the J~ocene. The p:roulem presented 

'by these molluses may be stated as follows: Do the several 

forms referred to g.lycy£a~ris veatchii in t he cretaceous 

and Eocene comprise a genetic line? If evolutionary t:rende 

e,-.J. st, are the torms to be rel.a tad to one restricted apec1ttSt 

several varieites ot a species or to several new species? 

Finally, to what extent can evolutionary trends and va::t·ia• 

tions be re la tad to stratigraphy? 



strat1g:raphio sequence ot Upper cretaceous and Lower 
Tert.iary Strate Based on the Evolution of G• veatohii. -· 
-Me District 

~ Mt. Diablo quadrangle 
M 
8 Lower Lake• Calit-. 
fi1 

Simi Valley• Oal1f, p:.i 

~ 
,3 unconto;rmft;y 

t 
• • t 
I • : 
• t 
I 

• t 
i 

! 
& 
0 
l1lA 
0 
-ii 
E-1 

~ 
0 

J 
I 

• ' • • : 
I 

J 
• I 

LOS Banos. oalit. 

LO$ Banos. Cali:(' • 

Santa Ana Mts • 

Simi Hills 

sant a Monloa Mts • 

TUSC8l'l Springs, Gali t !i 

p .$nZ ranch~ Calif. 

Santa .A.Ila Mts. 

sants Ana Mts. 

Ohico c:reek; Calif. 

Chico creek, cali1',. 

R•dtU ns, Qal! t. 

Redding»- oali t. 

Hedding• cal.1 t. 
R'i'4ding, Calif. 

Formation 

Meganos 

Martinez 

Martinez 

Garzas 

Member 
I . 

Type looality 

Not designated. 

Marine mEil'llber 

me locality 

"QUltfto B" reef beds ·Los Banos creek 

Williams 

"Upp er Chi co, • 

"Ohicon 

"Chicon 

Ladd 

Ladd 

TYPe Chico 

Tfpe Chioo 

"Lower Oh i oc:>" 

"LOwer Chicon 

ttLower Chioo" 

"LOwer Chico" 

?? 

Ple;asants eandst. 

Not designated-. 

Ntt designated • 

NOt des1g11$tGd. 

Not designatod. 

Upper Holz shale 

Middle Holz shale 

Upper member 

iowe:r manber 

Member VI 

Upper halt mbr. V 

Lower halt mbr. V 

membe;r IV 

?? 

Base ot upier cr·et:aoeous on Pacific coast 



MWTIIOD OF INVESTIGATION 

The principles 1.nvolved in a solution ot this problem 

have been applied in several oimile.r lrrvestigo.tlons. 

They a!"t'l found for example, in the comprehensive stuay 

of the genus• spirj.ter, by tentorf:/, and likewise 1n 

!/ Fenton, c. L., l?Ubl. Wagner Free Inst. soi. 1 vol. 2, 1~31. 

the ·work by Rowe!/ on the eeh!noid genus, Micrsster. In 

!/ Rowe; A.• w., Qua.rt. Jour, Geol. soc. London., vol. 55, 
P• 494, 1899. 

this conneetion. reference should be made also to the cle$aJ.l• 

ed studies ot :Mesozoi o oysters by T~ems.rJ/ • and t hOs e on 

cor•l• by oax-ruther_.!/. In each or these investigations 

4/ carruthe:r$, 11• G•, Quart. Jour. Geol. soc. London, 
- vol. 66, PP• 523•538 1 1910. 

two tundamental features were stressed. (l) Evolutionary 

changes Which particular fossil forml!S undergo were used to 

este.blieb biostrtltigraphio zones, t6cil1tating the c.orre• 

lation ct various lithologie units. (2) The systematic 

elassitieation was simplified. by an elucidation of evolu.• 

t!onary l119e-lh Thus torm$ w«re determined to be clo$ely 

related that had previouely been assigned to new speeies 
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without good reason or because 1d.ent!f1oation was 'based 

on single or damaged specimens. 

In the invesliigations cited above as well as in tbe 

present study certain qualifications must be met before 

the results obtained and the o onelusions drawn c an be 

regarded as just ifiable. 

(l) The species Qt tbe genera ohosen for investiga

t:i.on. must be represented by an abundance of individuals 

at all stages throughout its geologio range. Most ot the 

structural differences obsertred on two given specimens 

a.re small and -i ndi'1idu&l variations are often niialaading. 

It is the average vu.riation ~OW!t by cumulative changes 

occurJ:"ing in a l arge number of individuals which 1$ found 

most useful.~''' 

(2) The geologic positien ~ stratigraphic ooourrenoe 

or individual samples must be established as a<:ourately 

as possible. Obviou.•lY the course in evolution of a ohar• 

acter oan be determined only when the relative stratigi-aphic 

age or position or individual stage& in the modification 

of this teatu:re 1$ known. once the tx-end and rate or 

evolution are determined• stratigre.phio OQrrelations can 

be established with even greater certainty. 

{5) Only well ..... preserved or carefully prepared speet

:mens should be used. aonclusions based on poorly preserved. 

or fragmental rnaterial are often not valid since tbe evo• 

lutionary changes may be .masked or oompletely destroyed. 
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(4) The methods employed in making .measurements 

or !n recording descriptions should be applied as uniform~ 

ly as possible. constant vigilance must be exerei'sed 

t 1 h ~ 5/ · o red.uee or ~vo d um.an error. Tu.us, RoY1~ took 

photom1crog;raphs ot ai)eoimens he was concerned with and 

me.de his measurements from the photographs to ob"liate 

:ml stakes. 

(5) A ste.ndard basis tor comparison of different 

forms must be devised, e1 th er 1,y direct niernaurement or 

through calculaticn.. !n making comparisons it is imvor-

tant to utilize eharaoters independent of those w:tioh 

me~, vary among indivi. duals; as for example, tho so ot 

s i 2;e and shape. 

In the present study more them 2000 speci.m.ens were 

exai,J_ned, of which over 750 were me a sured. These peleor• 

pods wer0 identitied as qlycymcris veatchU. , Q• veatoh11; 

va:r. tnas1.0..! st~nt;on, Q• major Stanton, and .Q• :major, subsp. 

me~anosensis Clerk. Measurements were mad• or the thlek• 

ness, length, and height Ci>~ the shell, as well as ot the 

vddths of the ribs and of' the rib ·,,.interspeoes. In eddi t1on, 

the number of ribs was counted, chf1t•net0r and amount or 
concentric sculpturing on each valve were observed, d$ .... 

gree or de'V'elopment of :postetior groove :noted, and the 

:position of the beaks established where this was possible. 



Ratios of length to t hickness, height to thic.knes:s, and 

h~ight to length were calculated in order to reduce th@se 

data to e:erta i n common denominators by which the oompari• 

sons might be mere readily comprehended. In t h1$ way, 

variations which are magnified by the size of the animal 

come to be seen in proper perspective, while evolutionary 

trends are more clearly indicated.. Also, local variations 

due to possible environmental influenees rather than 

evolution are thus more readily recognized. All specimens 

less than 6 mm. in thickness were considered immature 

and c alculated separately. This separation was made (1) 

beoause it beoame evident early in the investigation that 

a specimen with a thickness or convexity of shell ef about 

6 mm. marked a rather sharp break within the growth series; 

all specimens r,t le.s·s thiokn$ss tended to have much higher 

ratios of length to thickness and height to thickne.s~ 

than did la:rger and more eonvex specimens; and (2) measure• 

ments of' valves which were less than 6 mm. in thickness 

were subject to e onsiderable error. in some cases sutfi• 

cient to invalidate the results obtained from such measure

ments. 

Th~ stratigraphic succession Of the localiti·es from 

which individual speoim.ens were measured wae determined 

by reducing individual shell ratios to average values for 

a single locality. Looalities representing the same time 

stages or narrow time ... stratigraphic zones were combined 
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by weighing the average ratios wi tb. the number of 

specimens measured from each locality. ¥blare satisfactory 

stratigraphi9 1nfQrmation is available this procedure is 

·simpltl, but in instances where the stratigraphy is little 

kn<>Wn or unknown altogether, the relative ege ot the 

locality 1.s based on the apparent evolutionary stage of 

the individual spee1mene. Thi$, obviously• does not fur• 

nish the most accurate results, . but appears to be the 

only method available to the investigator under the 

circumstances, 
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EVOLUTIONARY T:RENDS .AND VARIANTS 

The l"es•lts ot the pires0nt study are threefold: 

(l) '!'he evolut10111 ot Gltceer!;f veetehi! is found to 

continue in an ~!ibl.'"<.>ken line, throughout the tik!~'"range 

or the species trom lower upper oreta.eeoue rock$ in tl1e 

Vi(\lni ty of Reddil1g to Martinez rocks• near tower Lalic-e. 

o-a11rorn1a.. (2) Tb.e numbe:t ot ribs on a valV$ is .t~und 

to vary inversely with the geologic age ot the speoim\itn• 

{3) qlffl!erl• vea1;on11• $-peeiee sensu strict(), has a much 

more reatricted range th$n heretofore determined. Pal"• 

tieular variante may be recognized at nearly every upper 

OJ:"etaoeous local1 t¥•• other than those eorrelated with 

the type looali ty, The variant.a are 11 sted as follows: 

!°' veatohi1 ~eddinee.nsis, i• veatohi,i anae • and !• v~.atchii 

major. A description of each of these and a detailed 

aoccunt et a. veateb11 s .• $. will be found in the syste""' ...... " . ' ' ..... ...... 

m.atie c·atalogue in the latter part of the paper. 

~~yqrneri~ major Stanton ie apparently not a valid 

species. However 1 the torm may show sufficient distinct• 

tveness from the type Q.• v~atchi1 to warrant its recog• 

nition as a separate variety. Aecord1ngly• £!• maJo:t; 

should. be r~ga.rded S$ a synonym of .2• veatehii• 

_g-. ,maJ(j>r subap. meei~nosensis Clark is thought to 

exhibit features which digress .markedly trom the evolu,.. 

tienary trends shown by .2• veatchii and is therefore rais• 

ed to species rank and recognized aa £!• nie~anosen~is (Clark). 
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STRATIGRAPHY 

The stratigraphic sequence and CQrrelation ot the 

various upper cretaceous localities as based upon paleon• 

tological eviuiinoe are summartzed in table 2. Fossil 

specimens were measured from 2.2 local1t1es in the Redding 

district• 24 loealities in the s.anta Ana Mountains, 6 

localities in the Simi Hills, 6 localities in the santa 

Monica Mountains, 4 lo·oa11t1es from the Chioo creek section, 

8 localities in the Los Banos region, 2 localities in the 

"Martinez" ot the Simi Hills, l locality at Lower Lake, 

calitornia • and from l locality in the type Meganos 
6/ formation as defined by Olark and woodtord- 41 Unfortunate-

~/Clark, B. L• and woodtard, A• 0. 1 Univ. calit. PUbl •• 
- sulli .n.pt. Geol. se1 •• vol. 17, no. 2, 

PP• 63.-142, 1927. 

ly~ the representation of Eooene toms 1$ not as full es 

it might be, However, direct comparison eat! be made by 

referring to the averages obtained from the specimens 

measured (see table 3). 

Detailed information is available concerning the 

stratigraphy of many ot the regions vmieh furnished mater• 

!al; these areas vnll be described as fully as seems necea~ 

sa.ry. The addition.al districts from which eolleations 

have came are incompletely knm·1n in so fer as publiashed 

information is available .. 



TABLE ·2 

Tentative CGt'ltelation Chert Showing Reletienshlpe 
ot Late cretaceous. and Eogene Depos1 ts*• · 

southern Oal1f • west side 

Simi Valley 
"Martinez" 

O.rea t Valley 

tower Lak' 
•'Martinez•• 

Type Garias 
"Quinto B" 
reef bells 

Upper zone, .Santa 
Ana Mts. 1 .Simi HilLS 

sen ta Monica Mt Eh 

U) 

5 Middle zone. 
~ santa Ana Mts. 
.. 1t 
~ 
fXl tower zone 1 
o Santa. Ana Mts. 

~ast side saora• Redding 
mento V$lley , D1str1e~, 

Tusean Springs 

Penz ranch 

T}i'pe 

Chieo 
Member VI 
Member V 

upper halt 
Member V 

lower hal:t' 

Member IV 

· ''\l~-EiSEtcl en unpubl1$1UHI work or nr. w. P.- Popenoe an1 other• 
and studies of Ql1c1meri• veatcb11 pre-sented in this paper, 



aedding dis'trie~.... The principal e.retaaeous exposures 

in the Redding district lie on the eastern border o:t: ~he 

Redding quadrangle 1 about 15 miles north and east ot the 

town of Redding , cal i fornita. The exposures occur along 

the valleys or little cow creek, swede creek, oak nun, 

clover creek, old cow Creek, and south cow creek. Aecord• 

lng to Dl"• w. p ., POpfm<Je!/ these CrEJtaceous rooks ere 

7/ Popenoe, w. P. , - Bull. JUner. Assoo. Petrol. Geol•t 
vol. 25, no. ll, p. 2095, Nov., l94l. 
Bl.ill, .A:mel.". Assoc. petrol . Geol .. , 
vol. 27, no .. 3, PP• 308-312, Mar., 1943. 

divisible into six mem.bers, but since mapping in th1$ area 

is incomplete, the relations of -the various members are 

not e ompletely known. The entire seot1on is probably more 

than 4000 feet in thieknees and comprises some of the earl1• 

est known upper cretaceous <leposi ts in the state. 

In the present investigation attention is dir•cted 

to the upper members sinee ,glyczmer,1,..s veatch11 ~edtHpsensis 

bas r:i.ot been found stretigraphically be1-ow n:.~mber IV• 

According to Dr. Popenoe!/ the presence ot G. ve~tc}lU. -
8/ Popenoe, w. p., Personal communication. - . 

reddingensis at one locality near the base of member IV 

of the Redding ser1e$ is the oldest oeourrenee of this 

speeiee known to him in the orets.caoue of the Paoit'ie 

coast. AAJ may be noted from the strat1g:ra ph.io column 

(tabl.e l .) • member v ts divided into an upper and a lower 
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part. While there 1s no stratigraphic basis tor th1 e 

division except an abundance of eoarse co nglomerate in 

the lower half• the division is recognized because ot a. 

r ecognizable modlfie.tation in the evolutionary trends ot 

a. veatehii reddingens1s, 

:Member :rv is a series of dark•gr.ay aandy shales and 

shaly sandstones with s few thin coarse sanct.atone beds. 

1fhis member is ovel' 1000 feat thick end is well--e.xposed 

on oak Run and. clover OI.'eek. A.bundant specimens or G• -
veatchi1 reddi!Jgensie we~~ t~1 nd at most of the local~tie• 

in t h is member. 

Member V ia a eoarse, arkos1c gray sandstone alter• 

neting wt th :finer-grained sandstone layers. NUm.eroue 

thi~k beds of coarse oonglo~rate are developed in t,he 

lower half of the mEnnbe:r. Member V is about 900 feet 

thick and appears to be unconforroo.ble on member rv. 
Member V is well•0Jo:?J OSed in the upper part of Oak RUn 1 

the cent :ral and lower po:rti ons or cl.over ore~k and Old 

cow oreek. and along most of south Gow creek. 

Member VI oonsists of dark-gray sandy shales with 

numerous thin·bedded sandstone layers. It is over 400 

feet thiek and rests conrornmbly on member V • It is best 

$:&:pos ed in the upper reaches o'f clover creek, 

Chico cr~ek seotion.. The section at Ohioo oreek, 

Butte county, Cal !forni,,.!/, consists ot approximately 

!/ Tatt, ;. 4•• Hanna, a. D•• and cross, c, M., Bull. aool. 
soch AJnerica, vol. 51• no. 9 1 PP• 1311• 
1315, sept., 1940. 



2'Q00 f eet Of strata fOrtning 8 monooline in Which the stl'ata 

dip to the west away from the m.ounta.in:;h It is essenti.,.. 

ally comprised of $end stone, except for a heavy C)onglom;. 

erate at the base. on the bas~:ts of' measurements ot a • .... 
veatchi1 reddi;igensis, the localities are grouped in 

en uppe r and a lower member. n:owever, this cUvision does 

not reoei ve solid au.pii O;rt from the pal-0ontologi cal ev1 ... 

denee, since only four specimens are r~oorded from the 

upper zone. It is recognized here in order to indicate 

possible evolutionary progress in Q:• veatchii dU:rin.g 

depositlon ot' t h is section,. 

aanta Ana aountain$ (low~ az;d mi<ldl.e Z<laleS,} •- The 

occurrences of .Q• veatchii in the Santa Ann MOUl').tains are 

grouped in three zones. similar g ro 1_iplng of these beds 

i .$ suggested by th<&· relationships ot other parts of the 

f '°U- ll"' lei/·• Q u.:;;;;,i The third zcm~ overlies the lowar two with 

l.O/ Pop•~.o•., w. P .•. , Bull •. Am.er. A.ss<Je. Petrol .• Geol. • 
vol. 26 0 no., a, PP• 162·187~ Feb ... 1942. ______ ,,,_..,_ ________ "'"""" ____ .._ __ _... _________ ~---·--------_.. ........ ____ ,,__ 

d1$eontonntty and in this instance again, the time break 

is suggested by the tauna. 

The lowermost ocourrenee of G• ve.atchi1 in the· santa - ------
Ana Mountains is in the upper half or the Holz member ot 

the Ladd Forma tion. The Holz member consists of dark 

blu.ish te brownish gray mieaoeous s Bndy shale or sllt• 

ston$ With 1nterbedded arlrnsio sandstones,. ealoa:reous 

coneretiotl.a~y beds, and non-persistent coarse conglomerate 
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lenses; its total thiekness probably exceeds 1500 feet. 

'l'b.e Holz shale is e persistent and widespread member ot 

the Santa A.na Mountains seotion, outcropping virtually 

continuously from santa Ana canyon south to Trabuco can• 
ll/ 

yon- • 

The upper half of the Holz shale ts highly fossili ... 

ferous. There is but slight lithologie e•idenoe for separ

ating the upper half o t t .he Holz shale into two zones J but 

the fauna shows a distinct break. The lower zone ranges 

from midv.1ay 1n the section to app:raximately 200 f~et be• 

low the :top ot the shale; the midd:L.e zone comprises the 

upper 200 teet. 

Penz ranch,.• The sect ion at Penz ranch on the e>o st• 

ern side of the Sttoramento Valley. south of Chico creek, 

is not too well-expos~d~ 'but g ood collections ca n be ob

tained at ma.ny ')oints where exposures occur. The rooks 

are primarily s andstones and conglomerates. similar to 

those exposed on Chico creek. 

TUscan Spr1~i~·· TUsean springs is the type locality 

for .C!lJCYlll~ venteh1i and is loca te d on little Salt 

creek a'bout eight miles northeast of Rad Bluff, california . 

The roe ks at Tuscan spring s are a no r thvm r d eontinuati on 

Of those found in the s ection exposed on Chico creek, 

and for the most part are pebbly or silty sandstones and 
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conglomerates. It is peculiarly fortunate tht1t the type 

and a s~iocia ted specimens of G• vea tcb.ii oaJ1 e f roo1 a see ... - . 

ti on Wb ich appears ·to lie almost mid\W:lY in the geologic 

~ange of the species, 

Santa .Monio~ Mo\ll'.lta:tna•• Hoot.$12/ published a gen• 

.. ···-· 
12/ Hoots, n, w. t u. s. Qeol. surv. Prof. Pap. lEH5"""0t 1930. 

eral g eoloGiCe:il report on ~he santa Monica M.oun·&ains, and 

his work on the cretaceous. :roe.ks has b een exr '.'mded and re"'" 
l r7. / 

vised by :a. D• B• Wilson "" · • The upper oret.a¢eou.s rocks 

15/ Wile~.::-n , H· D• B•, Minor thesis for the doctorate. 
Calif. Inst. of Teeh. 1 1941. 

comprise a.bout 8000 feet of c onglomer.ate, arkose and 

sandstone, Th.e on.ly fo ssiliferous horizon is a well• 

bedded, fine-grain ed sandstone, 300 feet in thickness and 

app roximately 1000 :feet below the top of the section. 

v1ilson1!/ ha .a shown that e.11 the fossil collections ob-

tained in the upper oretaceous ot the Santa Monica ~!oun

teins come from t his one horizon. An interesting feature 

Of' Q• veatchti found here is the large size tattaine4 by 

the speoin1en,s; ,aome exceed 70 mm . in height and length. 
15f 

S1m.1 S:1ll£:i•• Po:penolr'in his paper states; naccord• 

l!,/ popenoe• w. P., opl ill•, P• 176; 1942. 



ing to Kew the cretaceous sediments Of the Simi Hills 

ere divisible i nt o t wo members~ 1'he lowest member con• 

si sts of 250 feet of ce loai"eous sandstone at the b ase 

and an equal t hicknese of g ray shale above, The upper 

member, overlyi ng the g r ay shale, consists of appr()x1~ 

~tely 6500 feet or eJ,ternating t h iok beds of massive 

brown sandstone aru.i thln beds of shale. tater unpubllsh·~ 

ed work sug~est~ that the lower member is much thicker 

and m.ore complex than !few suggests; but the de-tails an 

not yet · available •• •••All the fossils so far reCTOVered 

1~ rom t h is region are from the c alcareous sands tones of 

the lower member." 
16/ 

popenoe- further suggests that the fossiliferous 

fG/ Popenoe, w. p., op. cit., p . 186, 1942. 

horizon may be divided into an upper and a lower member. 
l7/ 

but detailed roap:p ing by Ch p, zebal- has shown thst the 

17/ zebal, G• P., Unpublished Masterts thesis, Calif. Inst, 
- Of 'reOhlii t 1945. 

several fossil loeali ties wh ich furnish the collect). ons 

belong to the same bed. The evoluti onary characters de .. 

veleped by Glycyme;ris veatchii anae sub ~tantiate zebal ta --· ---~ . _.......,. 

detailed mapping, 

;3,an'a . A.~a r:rountalne (uppe r zon~ L ·- 'l'he upper zone 
18/ in the Santa Ana Mountain$ comprises what Popenoe-
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has ealled the ~d.lliams ~o~tion,. 'l'his formati<m. consi.ste 

Of two tnembers-·the sohulz conglomerate et the 'bar:H:lt and 

the Pleasants sandstone sbove, The Schulz conglorn.erate 

is u.nfossili:ferous, and consists of light-colored, coarse 

arko,eic sandstone:;, with numerous beds ot well•rounded 

boulders. The Pleasants sandstone ia highly fossilite:roua; 

although the preservation is poor, and oonsi.sts of li e)lt• 

colored she.ly sandstones with many interoalat.ed beds or 

caloareuus fossiliferous s a nd ~-; tone.. The williaras for~· 

tion is a bout 500 feet t h ick with approximately 2 C\ O feet 

comprising the sohulz con glome1"ate and the remainder re-

presenting tho Pleasan·~s sandstone. The di stri butinn 

ot the Williams torma. ti on i:n the Santa Ana Mountains 

is discontinuous, due principally to an overlapping by 

Martinez beda and to comple~ faulting. w "g.ulnto B" Heef :a~d. • The uppermos t upper ore• 

19/ Bennison. Al.an, Un]lu'blished thesis, Univ. oa11t. - . 

taeeous in calitorni a is exposed for many miles along the 

west side of tha san Jonquin Valley, north oi' Coalinga. 

The rocks are sand~r~ones ~ nd sandy shales with some con• 

glomerate outcropping in thiclt socti ons on Los Bnno s creek, 

Gal?Zas creek,. Moreno Gulah, and along other streams whioh 

tlow into the valley. Most of the fossils come from high 

in th€ s eotion• chiefly trorn the upper 2500 feet; The 

"Quinto 13" reef bed is ex-posed on Los Banos creek, west 



ot LOs Banos• California• and contains al.m.ost entire• 

ly Glycymeris veatchii :major. shells of this variant 

usually exoeed 2.0 mm. in height and average between 

40 and 45 mm. in height+ 

me Q.arZ81'•• The type Garza.s furnishes the young• 

es.t upper cretaceous specimens available for measurement. 

These come from two loQalities on Garzas creek• north• 

west of Los Banos; oalifornia. The section is in all 

respeots similar to those on Lt>s Banos creek or in 

Moreno Gulch. 

"Martinez'' or the Simi Valley.... The specimens from 

the Simi Valley "Martinez" are few in number and hence 

do not yimld altogether satisfactory data which may be 

considered of stratigraphic significance. The :roeks 

are sandstones and shales and have been described by 
20/ 

Kew-- .• Pre$ervation of the fossils is poor and an 

20/ Kew, w. s. w., u. s. Geel. surv. :aull. 691• pp. 323· 
-- 347, 1919. 

analysis or their oharacters is difficult. All the 

fossils come from the Martin(tZ marine member ot the 

w formation as deseribed by Nelson · • 

21/ Nelson, :a. N•, Univ. Calif'. publ., Bull. Dept. Geol .. 
- sci.• vol. 151 no .. ll; PP• 399 .. 402, 1925. 

Lewer La~'· oaliforni.a.... one specimen trom the 

Martinez near Lower take. California, was measured, 



The Martinez rooks in t h .i s region were deseri bed l>y 
22/ 

Diekex-son- as comprising tro:m 3000 to 5500 feet of 

22/ Dickerson• ll• E•, Univ., Calit • . Publ11, Bull. Dept. Geol. J 
- · vol •. 9, no. St PP• 89•f!H3, 1~14. 

sandstone, overlain by 300 to 500 teet ot shale. The 

principal ro.ssilliferous horizon ocours approximately 

100 feet above the base of the formation. It is un• 

tortunate that only one specimen is available by whieh 

to jud.ge the evolution ot the tj"pe Glzez:!t:.' ris veatehii 

in this area originally recognized under the varioty 

nanie ~,lor. 

tti?e Mega.rios.• Specimen• were measured from oae 

locality 1n the type Meganos as defined by Clark and 

V/oodtord
2
//J/ • The rocks here consist or a bout 1000 feet 

ot sandstone with a heavy basal eonglom.erate and narrow 

shale layers n~ar the top. overlying the sandstones are 

alternating sandstones and shales a pproximately 2000 feet 

thick; tne t'osslliferous horizon oeours in ca lca.teous 

lenses approximately 1600 f eet below the top of the torm...,. 

ation. '?~n $peeimens were available tor :measu.rem.ent,. 
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TENT.ATIV'& CORRELATION OF uPl'ER CR~~TACEOUS LOCALITIES 

The suggested sequenoe of the upper Cretaoeoua looali• 

ties described in this paper is given in table 2. This cor .. 

relation chart is based on the vtews expressed in this 

paper regarding the evolution of Glzezmeris veetohii as 

well as on much unpublished st.rat1graph1c work by w •. 

p. popenoe and others. 

The rocks of the first three members ot the Redding 

district probably represent some of the oldest upper 

Cretaceous to~tions on the Facific coast. It is possible 
24/ ' 

that the fossiliferous zones below popenoe• s-- oJ.n3eris 

24/ Pope.noe, w. P•, !!• !!1• ~ P• 182 1 1942. 

veatohii zone in the santa Ana Mountains correlate with 

these beds. 

Glzcymeri~ vea~oh11 ro·ddingensi s first appeare in 

member IV Of the Redding section. In $pe.oimens from th1a 

area the number or ribs averages less than 32, the valves 

are slightly longer then high, and they are not particular

ly lnnated as compared with those ot G· veatohii species -
senau stl!"ieto trom TUscan springs. A au.rioua anomaly 

appears in to111a round higher in the section. Although 

throughout the ~ntire range of upper cretaceous time the 

average number of r i 'bs inoreases as one proceeds toward 

the top ot the deposits, in shells found locally in the 



Redding seetion the nwa.be~ or l"lbs dec:reases slightly 

from bottom to top of the stratigraphic seetion, No 

explanation is offered tor this peculiari tyt althoU$h i'b 

may b e noted that the deerease is slight and not unif<>r.m. 

thlr'oughout tha seotion. since mapping is ineoinplete ii\ 

this region. additional work may revise the actual. strati• 

g1·a;;!l,.c pos1 tlon ot some of the loea.li ties, and this ttey 

be found to reverse the t:rend. Tllere is al so a tendency 

tor the valves to become n1ore inf lated in memb ers !V 

and V 1 but only slightly so 11 Member VI is represented by 

only nine specimens and this number do&s not adequa tely 

determine the evolutionary potision Gf ££.lzczn.teris veatohii 

redd1ngensis in thls section. 
~5/ 

Popenoa-- has sugg•sted that member V ot the Hedding 

sect! on may be correlated wj.th the base of the type Chico 

on Chico Creek tarther tsov.th. This •o·nelation is $ttbetan• 

tiated by the posit ion or !!.!.. veatohii reddise;•nsis in 

the evolutionary series at both lo.c)alltiee. Aetually, 

the:re is a suggestion that Q• veatchi! r:eddinsensis t:rom 

member IV at Redding represents the same evolution~rY 

stage as that of forms in the lower parts of the type 

Chico section on Chico oreek. The tour speeim.ens assign• 

ed to thettupper Chico'* on Oh1oo creek seem to be higher 

than anything found in the Redding s&oti on. 



The lowermost ~one oontsi ning G• veatah11 anae in - ............... 
the Santa "''Ula Mountains appears to be sU. gb.tly yoUJlg el" 

than any ho:r1 7 on examined on Ohioo creek or at Heddj;ng 1 

Furthermore., both the lower and ml ddle zones in the 

upper cretaceous ot the Santa Ana l:ountains appear to l>f» 

slightly earlier in time than the occurrence at Penz 

ranch and at the type locality of Tusaan springs. Hmvevar. 

the specimens t:rom tbe Santa An.a .Mountains show a local, 

apparently environmental, variation, vtiieh may mask some• 

what the evolutionary teatures. In contrast to speo1~ 

mens from the type loet:ili ty, thos e from the santa Ana 

Mountains are considerably longer than they are M.gh e:nd 

show a marked reduotion in convexity. These features 

give the shells a decidedly different shape and furnish 

.the basis for the description of the :new variety• anae. 

This shape or shell appears to be confined to the senta 

Ana Mountains; but it is exhibited to a lesser degr$e 

by specimens trQm the s1mi Hills. The Eoeene specimens also 

suggest a trend ip this direction. but sinee the high&i!t 

oretaeeous tor• that Q}"e found appear to be ty:pioally 

rounded and tquilateral., t his featur·e may be considered 

the :result ot an environ.mental or taoies factor, :rather 

then due to evolutionary cha~lh 

The specimens from Penz Tanch appear to be only 

$lightly older geologioally than those from the type 

loeali ty at TU.seen springs, but since the differences 



are slight; they a:re regarded as ot the same, or nearly 

equivalent; stage in time. 

The f .ossiliferous horizon in tho upp er creta ceous 

of the santa Monica Mountains appears to be slightly older 

than the upp er ZJ ne of the santa Ana J;.tounta:tna, a nd fauna 

trom tt~ Simi Hills. H~wever, the differenoes are so slight 

@..5 to suggest that all ahould be relegated to the same 

time stage. All are c onsidered slightly younger than the 

taunas from Tusean Springs and Penz ran oh. These con el u-
. 26/ 2'1/ sione are in acco~d w.i th I)openoe- and zebal- , except 

2e/ popenoe, w. P• t 0£• cit•; P• l8t3, 1942. 

!J../ zebal , G• p. , !,£• cit.• 1943. 

that the forms :tram the S imi Hills appear to correlate 

direetly with t .hose of the uppermo..:vt zone of the Senta 

Ana Mounts.ins rather than with those of a slightly older 
2$/ 

horizon a~ Popenoe-- suggests. ~"his probably indicates 

a local acceleration in the evolution of QllC?&X-is veatoh11 

anae with respeet to the rest or the t~una from that -
local1 ty .. 

1fhe youngest aretaceous :forms Of Q• veatchii m.aJor 

that were measured come from the "Quinto B" reef bed 

a.nd from the type Garzas beds on the west side of the san 

Joaquin Valley, west and north of Los ;aanos, California. 



In contrast to the earliest i'oXms fror11 mem.ber IV at 

Redding, these epeei.mens average roo re ti1an 40 ribs and 

are sl .i.ghtly le s s inflated, The d.i. fterence may be aserib• 

ed by some to a variation in size alone; but specimens .of 

oom:pa rabla size from 'the two dis tricts possessed 32 and 

36 ribs respectively. At any one locality shells ma y 

be found that o an be assigned to ei tber the top or bottom 

of the evolutionary sequ.en~e cm the basis of their char .... 

ast ers. Gre~:rter a. ssuranee of the time allocation ot 

ter1st1cs of the avern~e of 2Q or more specimens t•:rom a 

single l ocality are anal yzEd. 

A..'1 insufficient nu.t11her of specimens a v <'dlaole 

from the Ee.gene loo.ali ties permits only recogn1~i.on ot 

e cont inuation of evolutionary trends in post-cretaeeou.s 
~~/ time. The structural featm·e which st~nton . listed. 

29/ Stanton . T· w •• u. s. aeol:. surv. l'lt-h Ann• Rep., 
-- vol .. i. PP • 1005-1060 1 1~96. · 

as an aid in identifying Q• veatchii ~aJor • namelY; the 

wider ribs than interspaces, is certainly valid and well• 

marked, but the character is little it any more defined 

then on several of the ere taoeous forms. 



CCNCLiJSI ON 

In oonol usion 1 t may be stated that where the s trati• 

graphic succession has been completely eatabli1he4 Qve~ 

a considerable period ot geologic time, evolutionary trends 

in Q.lzeymer1s veateh11 are indicated. 11he$e trends appear 

to be vali d. for the entire range of oocu:t>rences of i~ 

veatehii, at least on the face of the limited knowledge - ·--
available concerning the upp ex- cretaceous stratig raphy 

of the Pacific Coa st, Dideed 1 1.;he auggest i ons of s tra ti..-

gra phic posi tion made i n the pr esent paper may as f' is t in 

throwing needE~d light on obscure cor r elet i ons . 

Detailed correlations on the basi s of a singl e species 

have not been attemp~ed for reasons stated prev i ousl~y • 

but. i t is noteworthy that previously suggest ed correla

tions, fo.r wt.1ieh there i.-s e ome evidence, appea::r tq be 

substantiat3d by t his s t udy . 



SYSTEMATIC DESCHI PTIONS 

PRYLLUM MOLLUSCA 

superfamily .Arcaoea 

J.;~amily A.roi.dae 

Genus Glycymeris de Costa 

Gabb aensu strioto 
gure 4, p ate II. fig11 21" 

1864 AXinaea veatohi.i n*s., Gabb• Pal. Calif'., vol.l, 
· p. 197, pl. 35, fig s. 183, l83a. 

18~6 1.,e0tunculus vea tchii Gabb, Stanton, 17th ;..mmal 
--· · -- Rep., u. s . o.eol. surv., pt. I, 

P• 1039, pl, 64, fig . l~ 

1900 l)ectunculus Veatch11 Gabb, V1hlteave s, a-eol. sur. 
Canada, Mes. Foss •• vol. 1, 
P• 3~1, pl. 4,, fi gs. 3, 4, 

1902 Pectunculus veatehii Q&bo, Anderson, Calif. Aead. 
soi. Proo. (3), vol. 2, p. 35,, 
no. 1. 

l~U 7 Glyeym.eris Veatchii (Gabb), Waring , Oa.lif • AOad• 
s ci. Proc. (4), vol, 7, no. 4, 
P• 61, pl, 8, figs, 2t . 7, a. 

1930 GlY~;{!!!er,is V~at,9_ht~ (~bb) . ,. Stewart, Aea~. Nat. 
sen .• Phil., spec. Puo., no. 3., 
lh 70, ten tig. l, pl. i. tig. 7. 

De~cripti~i ~he original de$Cription by Gabb (sup;ra) 

is $S tollews; nshell thick, subglobose, equivalve and 
nearly equilat eral; beaks l a r ge, 1ncurve4, oentral* approx!• 
n'.la t.e, with the sides sloping downwords; anterior a nd basal 
mar gins regul arl;r rounded; :posterior end rounded or sub
trunca t©. surface marked by from thirty~six to forty 
:radia ting ribs> very regular in size , a little the small• 
est anteriorly and obsolete behind; a f a int depression 
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usually exists on the posterior side of the u.tnbone~h 
whieh passes down and strikes the middle of the pos\erio:r 
lli8l!'gin.- Internal ma~·gin coarsely crenulated,. Minge 
robust; teeth arranged r adiately .; the lateral teeth Ia rgest 
and most wide.J.y separated., Area very narrG>w and short,.t.'t 

Stanton (supra) adds• ••The radi a ting rib$ ~re some• 
times narrower than the intersuaces and sometimes broad
er. The l~mgth t>f th0 sn.;11 is a 11 ttle less than the 
height.. A large speeitnen measures 49 mm .. in length,, 
51 nmi. in height, and thti· c onvexity of' the single val'te 
is about 21 nw .- '' 

Stewart (supra} gives more detail on the hinge area 

as follows: t.t, ... .,.,..,u.showing ten prominent, widely ... 
spaced taxodont teeth .anteri0r and eight posterior,. The 
six central teeth a:re smaller and o loser together and al
most vertioalt· though the anterior three slope slightly 
posteriorly and the po gterior three slope anteriorly., 
The coarse orenula.tions of the lll8 rgin gradually dis-. 
appear dorsally, and are entirely absent at the extrelni
t ie s of the hinge .. « 

Measurements of 12 perfectly preserved s:peoimens ot 

Glzoymt3 ris v eatchii from the tYPe local! ty show that the 

valve$ are either longer than high or higher than long* the 

average.of all shells being equil~teral;. The number of 

ribs varies from 35 to 42, averaging slightly less than 

36.. The ribs are trom 0.2 to 0.6 mm.. wider than the inter

spaces, end somewhat varia ble in size anteriorly and pos

teriorly. umbo either prosogyral, or opi.sthogyral; 

:posterior depression well•marked; ventt,'al margin of shell 

slightly er,enulate from oonoent:ric growth sculpturing, 

.Average specimen, 30.6 nun .• high, 30.8 mm. long, and 15 .. 7 mm. 

thick. 

Discussion.• Measurements of specimens from. all 

localities are swm:narized in table 3 in the form of aver• 

ages ani ratios. In prepar1ns this table it was noted 



that the :range in size Of the ahells is retleeted ~y 

the average widths of the ribs and interspaoes. Average 

rib Widths in exQess er i.o mn:i. are found in valves with 

lengths a:nd. heights in excess or 30 mtll•J average rib width$ 

between o.s :mm. and 1.0 mm. are Qharacte::ristie of valves 

with lengths and beighte between 20 mm. and 30 mm,; 

a.verage rib widths of less than o.e nun. are found in valves 

With heighte and lettgths ot lees than 20 mm. In determin• 

in.g the desree of coa"Vexi ty reference should be made to the 

ratios, length to thickness or hei.ght to thickness. 

The largest valves measured in the entire serie$.· 

ccme trom the santa Mo1:iiea Mountains and from one loo.al• 

tty in the santa Ana Mounts.ins. These specimens l:Ueasure4 

approximately 75 mm. in length, mo re than 70 11mh in height 

and more than 30 •~ in thiekne$th A tew large valves were 

found at almost every l()eality ,. regardless of its strati

graphic pos~tion. 

Th• zms1le:r f~lv~s were subdivided into immature 

and mature specimens, the basis ·Of the cUv!sion being a 

6 mm. thickness of the v alVEih valves thinner than 6 mm. 

show uniformly very high ratios of length and height 

to thieknese a$ Qompa:red to valves with tb!okn&sees ot 

e.a mm. to 7-• or more. The divi.sien at 6 mm.. is of 

ocuree arbi tra:ry, but 1t was tound. that few $pe-0imens hav• 

ing $m&.ller va lues could be measured with those standaru 

of aoouracy that were applied t<> adult $peo1mens. 



Statistieal intorxna ti on regarding the immature valves 

ia given in table 4. 

In wllat follows the descriptions or variants are 

bas®d on forms exceeding 6 mm .. in thicknees. 

GlzeY!e,rif' veatohii var. :redd.1ntiel'1;$~s n-. var. 
(Plate I; figures I, 2} 

R,e~cr_iptio~t· Oompared with the typi~al form ot 

the spec1ee this variety is smaller. The \ralve poe,eesses 1 

on the average, less than 33 ribs. Individual apeetmens 

m.ay 'be indistinguishable trom thos.e of the typical form 

when the number ot :ribs is greater than 36; but v alves with 

that number of ribs are rarely found where this variety 

occurs., A typical specimen measures 19.,3 mm .•. in length, 

19.,2 mm •. in height and 7.B nm. in thickne$fh In th1$ 

valve 30 rtbe are Pl"•sent., 

o ... I .. T· Invertebrate Paleontology 
cat-. ne •. 4741.-

!r;:a Loealit{:• .o. I• T .. Invertebrate Palecn• 
ology loc, no.- 1233 •. 

Gl~c~er1s yeatch1~ var. ~ n~ var •. 
p. ate 1 •. f'rgures a,. 5) 

oesQ~iI?tion... ... Compared with the typ1oal form this 

variety may have either more or t ewer ribs, the nwnber 

r ·anging trom 33 to 45 o:r more. The chief' di stinguieh-. 

ing feature is the proportion--- longer valve.. VJhere 

the typieal t'orm of the s.peoies is very nearly equilateral, 
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TABLE 3 

A.Vetage Measurements and natios of varieties or Q• ve~t~·h11 

tooali ty No. of Nfh ot Width ~11dth R/L L/T H/T 
speo. Ribs ot Rib ot Rib 

'fYpe Meganos 10 

Lowe:r Ulk&l 
"'Martinez" l 

Simi valley 
"Martinez"' 12 

Garza• creek 
Type Ga:rzas 15 

Los Banos Cre•k 
"Q.uinto B'' beds 117 

Senta Ana Mts. 
Upper zone 5& 

Simi Hills 58 

Santa Moniaa Mts.29 

Tusoan spring s 12 

Penz aanch 24 

san1ta .Ana Mts. 
Middle -·zone ll.I 

Ohl o ~ c;..·e~k 
Uppe:: zone 

tower zone 32 

Redding district 
Member VI 9 

member V 
Upper halt 189 

Lowei- halt 61 

Member IV 41 

in mm. int-er• 
space 
in &lh 

0 .. 610 o.Boe 

39.48 0.105 o.5eo 0,95 2.42 2.1e 

38.72 l.309 i.002 0.98 2.36 2.31 

37.$2 i.ota o.e5a i.oo 2.23 2"21 

u.74 1.145 o.9ea o.99 2.2e 2.22 

5th'19 011591 0,.495. 0.92 2.61 2.33 

54.48 0 .• 610 o.soo o .• t4 2t63 2.41 

53.~0 0.550 o. '-;f>O oo. 96 2 .. 25 2.10 

z1.aa o.ess o.529 o.9g 2.32 2.2s 

30.4.i o.655 o;IJ3S9 o.s9 2.1e 21114 

52.oo c.ao9 0!!1463 i.02 2.1e 2 .• 21 



TABLE 4 

Average Measurements and Rati<:>s of I•ature speeimeuie ot 
G· veatoh11* .... .- . 

NO• ot 
spec. 

sent a Ana Mts. 
Upper zone 37 

Simi Hilla 31 

:Penz Ranch 22 

santa. Ana Mts. 
Middle zone 69 

Lower ZOil$ 19 

Chioo Creek 
Lower zone l 

Redditlg di strict 
Member VI l 

:Member v 
UPPJ9~ halt 31 

tower halt 59 

Member IV 5 

NCh of Width 
R1bs ot lib 

in mm. 

·· g 16 " . 0.425 

361145 0.420 

3s,oo 0.400 

32.96 0.413 

33.ll o.soo 

33.00 -·-
~""' .... 

52·~17 0~48.5 

41.0-0 o.eoo 
Z7.50 ~-· 

Width 
ot Rib 
inter• 
spaoe 
in mm. 

0.40() 

o.=.3ao 
0~3500 

o. 547 

0.300 

.... 
....... 

0.3(45 

0.200 

..... 

H/L .L/T 

o.as t'1.22 

0.90 ~R.$3 

o.a1 2.91 

0.90 2.?5 

0.91 2.ae 

0.99 3.,14 

o.ts 2.34 

0.96 il.93 

0.9? 2.ea 
o.~s 2.94 

• Mo :l.:nunatUX"e spe<:itaeni!? f(.·'4nd iL'l collecti. ons frotn 

H/T 

2.84 

2.54 

2.07 

2.46 

2.61 

3.12 

2.1e 

2 •. eo 

2.68 

2.e2 

TYPe Meganoe, L¢i'¥e:r I.e.li;e "ZKartin~z" • Sir.J.!. valley "Martin.oz", 
Garaas Creek . Type Garzasw Los Banos . Creek nQ.uintO B" reef 
bed5; Santa Monica l:/its •. , TUscen Springs t Chico creek upper 
zone+ 



the new variety has a ratio of height to .length that aver~ 

ages less tha.n o. 95 and may be as low as o.ao. 1.Phis prQ• 

portion yields a characteristic shape even in va.lve.s that 

ere badly damaged o:r defo:rmed. An average specimen l'!lElElS• 

ures 20.,2 mi11. long, is.a mm. high, and 7.9 mr,i. thick• 

Ch I• T• Invertebrate Faleontolo.ezr 
eat, no. 4742. 

TlJ?O tocelitrs~ . O• I• T1t Invertebrate Paleon• 
toloe;y loo, no. 91l<h 

Glzernerls veatehii var. !!joi: (Stanton) 

1896 Pe.ctu~culus veate.hii . var.- ~jqr n. va:r., stanton, 
· 17th Afin. Rept. • u. s. Geol, 

sun-., pt. l• p~ l040w pl. 
6.4, figs. 2, 3 .. 

pescriptiotJ•- The original description or the varie• 

ty is as tollowiu '•compared with the typitHll form of the 
species, this variety is larger, less convex, and propof• 
tionally longerj the ~ibs are broader than the interspaoee 
and the posterior end is more sinuous.. Length of a large 
specimen• 65 nnn.; height 64 mm.; eonvexi ty of one valve, 
about 22 mm." 

Measurements on a l a rge number of specimens from the 

"Quinto B" reef bed ano the type Garzas tor~ ti on indicate 

that this variety, compa red with the typioal form ot' the 

spec 1 es , has on the a ve:rage 2 or 5 mo.re ribs i the int e:r

spa:ces ere often slightly witler than the ribs, and the 

shell 1s considera~lY larger and slightly less c onvex. 

A typical e:p eci.men moasures 4th 5 nnn. in length, 46 mm. 

in height, and la.a mm, in thickmHHh Thia velv·e has 

42 ;ribs. 



ni~oussi()n;~ The variety is difficult to dis• 

tinguish fti'om S!' ve.atohii .!' !~ unless larse numbel'a 

ot specimens are available for study• Measureinents 

ot individual shells indicate that the ribs are common• 

ly wider than the interspaces in all the varieties of 

£!• veatohii; Large and small forms ocour together, making 

size of little value ~n the deterrdnation or a distinot 

varie'tf• However,. When more than twenty specimens erta 

considered, the additional ribs, the larger average size• 

and the reduced oon\'ex1t}1 1 are thought to eetabli!Sh tlle 

validity ot this variety, ~Jor. 
30/ 

Nelson- in a description of the sim.1 Valley 

~O/ N~lson, !h Ih, Univ. Calif., Publ. 1 Bull. Dept. aeol. 
se1., vol. 15 11 no. ll, P• 403_, 1925. 

"Martinez,. merine rooks lista tho name Glycpaer1$ m.raJo~ 

es one ot the fossil peleo7pods :found in these deposits. 

The species does not appear ·~e have been tigUl."~d or de

$Cl"ibed. :Nelson perhaps intended to recognize the 

variety maJor as a distinct species, but th~ results of 

this study tndicate that speoifio variation is lacking, 

and 1• maJor is not a valid species,. 
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9lrcperis m$jianos~ns~e (Clark) 

Olrel!eris miJor mef1mosensis n-. subsp., Clark; 
Un v. oa1 f, l5uuI., Bull• Dept. Geol. 
se1., vol~ 17; no. 2. PP• aa ... e7, pl. 14* 
figures 4, 5, 

DtUJCription•• The original description by Clark 

is as follows: 0 8hell hea'V'y, fairly large, ventricose, 
subciroular in outline; beaks prorilinent, strongly inturn~ 
ed; dorsal .margins straight or nearly so, approximately 
at right angles to v ertical betwe$n the beaks ond ~h~ 
ventral edge; po sterior dorsal margin strongly depressed, 
er flexed. Main aurtaoe of shull sculptured by about 30 
broad, tlat .... topped.; low ribs with int©r~paoes muon narrow
er than the ribs. The ribbing becomes obsolete on a 
narrow, anterior doreal margin ., ou the flexed posterior 
dorsal marg1~ it is $omewhat finer than on the main sur
face of the shell, becoming e.bsolete near the posterior 
dorsal edge,. on the l ar ger un.eroded specimens the rib• 
bing near the ventral edge tends to become obsolete and 
covered over by heavy lines of growth. on adult speei• 
mens the ligamental area is wider and narrow, and there 
are about 20 taxodont teeth which extend oontinuously 
across the hinge plata and fer about two.thtrds the distance 
in the middle they .are in a straight line curving gently 
downward on each end .. Dimension.- TY.Pe; Leng'th 44 mm., 
height 43 mm., th1ckne$s of one valve 21 mm.,. •••••••• The 
subspecies meganosensis differs from the typical form 
principally in the type of ril;>bing. on the majority or 
speoimenD o t: the latter the ribbing is more prominent and 
the intere:peoes are wider, and on the adult specimens 
the ribbing does not bocome obsolete as on meganosensis. 
Weathered specimens of the typical f or:m are often hard to 
distinguish trom the sub:speaies." 

Measurements of a limited number ot apecime~e show 

that the ribs average more than 0.6 mm. wider tha.n the 

lnterspaeee end the d.itference is often considerably 

gl"eater than this. In mo st specimens ot typical Qlyoymerie 

"f"eatchi1 the ribs are not more than o.4 mm. to o. 6 mm. 

wider theui the inter$pac.es .9) In Q• !!,l~ganosensis the 

nwnb~r of ribs averages less than 55. Thus,, the di$• 



tincti on between the typ1cal form and the new l\lJ!E>Cies 

is quite marked. 

ntscussion,,.. Insufficient specimens at-e a~ailab1e 

to demonstrate adequately the amount or degree of ob• 

solescence of the ribs.. on ten specimens m.easu.red the rib 

counts were considerably higher than 30, the number given 

by Cl.ark (supra). How,ever, the number of ribs ia fer leeJs 

than that which would be expe\)ted from a c ons ideration 

\ Of the evolutionairy trends shown by shells trom older 

horizons. Obsolescence of the r lbs on the ventral edge; 

du~ to concentric line of g rowth• was not ob served. 

si nce the ribs indicate the evolution of G• veatoh11 - . 

more ole arly than any other single charaeter1stic of' the 

shellf the a brupt reduction in rib count is taken to 1n ... 

d1oete the substitution of other evolutionary eharaet~r

istiaa tor those Which contrGlled 'the evolution prior 

to Mega.nos time. Markedly narrower interspaees. in some 

eases so n3rrow •s to appear merely as lines on the 

shell, as well as a reduction i.n number of ribs below that 

which mi ght be e:it:pe~ted in specimens so far along the 

evolutionary scale, tUhisb a sat.istaetory basis tor 

recognition ot t bis form~~ subspec.i.es as a new species, 

q;i.zczm~er:is lll.eianoaensis (Cla rk). 
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a. 

E~lane.tion ot Plate I 

Gl;zcymeris veatohii redd1j5ensi$, typical 
form from the @:arI1es • · kii0wn oeourrenoe 
of t\e s peeles in the California ere- · 
taceoua• 

a:trce~riel veatohii reti.d'f.?§ensis n. var., 
syntypEh 

Glycym$1"i$ veatchii !!!!. n~ var •• 
. . SyntypEt. . 

GlYrJyme~i, veat()hit ~ensu strieto 1 typical 
form :rom ~:rusoan springs. 

ol:y:oyi.ne ris, vaatoh11 anee, large '\tariety-. 

Gltf;Y!E;e:ti~ ~eatchii meJ~r, • typical cretaceous t. orm 
fl"om LO$ :aanos cree , Los Banos, oalifornia. 

Glyorerts ~~atohiJ. !.• s., giant torm rrorn the 
San'a Monica i,fountain1h 



PLATE I 





Fi gure l. 

2. 

Explanation of Plate II 

Glzomeris veatohii ma jor, typical form from 
. Mart!nez ol' tfie slmi Valley. 

Glzotme:ria ·1eatch1=_i ~eusu striot_o, typ ical 
orm tro111 tlie ~ype Iocai lty e.t TUscan 

Springs, California. 

Glyetme~l s me9no~e.nsis n. $:P.; typ. ic. al form 
rom 'tihe ype Iooility of the Meganos 

fornt:l. tion t Mt. Diablo QUdrangle, Ca.11forniEh 






