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THE ORIGIN OF SOME CHROMITE DEPOSITS
IN THE PACIVIC COAST REGION

ABSTRACT

Chromite deposits have long been regarded as products
of magmatic segregation, As additional data have become
available, other processes have been invoked to account
for the observed facts. The writer, in the employ of the
Us S, Geologieal Survey, has visited many of the known
echromite localities in the western part of the United
States and has collected much field evidence bearing on
the problem of the origin of chromite,

Laboratory deta furnishes much information which is
not ceompatible with some of the field data, The tempera-
tures of intrusion of ultramafic magmas, the time-sequence
of cerystallization of the various congstituents, and the
degree of liquid immiseibility are a few of the features
indieated by field relations which are difficult to re~
concile with laboratory data,

Spectrochemical investigations made in conneetion
with this research suggest that the minor elements con~-
tained in the chromite molecule, namely, nickel, manganese,
silver, vanadium, sodium and cobalt, show regular varia-
tions in amount when arranged in the time~crystallization

sequence proposed in this paper; such differences are
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thought to represent variations in the conditions of
crystallization and deposition,

Each chromite deposit is regarded as having been
formed under the influence of several forces, Under
ideal conditions the resultant of these forees is thought
to approach equilibrium, presumably consisting of a layer
of olivine and small amounts of chromite in the base of
the magme chamber, succeeded by a layer of chromite and
topped by a large mags of olivine with small amounts of
chromite; a thin layer of pyroxene may c¢ap the mess if
any is present, This ideal condition is geldom attaine
ed in nature, except in the stratiform deposits, and the
degree of aberration from equilibrium conditions determines
the characteristics of the ore deposit formed.

The origin of the various chromite deposits may be
likened to quenching practice used to determine the con=
gtituents of a high temperature melt or liquid at various
stages during its cooling cycle, IDach chromite depogit
is examined for evidence indicating at what stage in the
process of cooling or corystallization of the ultramafic
magme its development was arrested by relatively rapid
cooling or quenching. Following physico-chemieal prin-
¢iples, beginning with the ultramafic magma in & fully
liguid state, many of the difficulties in understanding the
formation of wvarious types of deposits are partially

explained.



THE ORIGIN OF SCME CHROMITH DEFOSITS

IN THE PACIFIC COAST RBGION

INTRODUCTION

Chromite deposits have long been regarded as products
of magmatic segregation. As additional data have become
available, considerable doubt has been 6as8t upon the segre-
gation origin of all chromite deposits, and various other
processes have been invoked to account for the observed
facts. Hleny of the theories so far promulgated have re-
sulted from one or another of two types of investigation:
(1) an intensive laboratory study of specimens collected
by individuals other than the investigators with little
or no attention given to field occurrences; or (2), a de=-
tailed field investigation of a single deposit or district
with no opportunlty for comparison with other deposits or
districts by the same individusl. ¢bviously, thils con-
dition has led to a multiplicity of ideas regarding the
conditions governing the deposition and concentration of
chromite.

The recent search for domestic sources of strategic
and criticul materials conducted by the U. 5. Geologicel
survey end U. Se Bureau of lLiines, has afforded the writer
an unique opportunity to visit and make detailed investi-

gations of many localities and districts where chromite
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was formerly produced or where chromite is now being mined,
The areas whiech have furnished most of the data for this
paper may be listed in order of thelr relative importance
a8, (1) Belad Creek mine and adjacent deposits in the
Klamath Mountains, northern Californiay ¢2) San Luis
Obispo district in the Santa Lucia Range of the Coast
Ranges a few miles northwest of San Luis Obispo, Californis;
(3) ehromite deposits in the Strawberry Mountains, Grant
County, Oregon; (4) Stillwater Complex, Montana; (5) Fl
Dorado and Placer counties, California; and (8) scattered
deposits in the Klamath Mountaing of southwest Oregon, (see
figure 1),

The districts visited are thought to represent an
adequate cross section of ore types as determined from
published mine descriptions. The areas listed are either
marginal or sub-marginal producers during peacetime,
However, since these deposits seem to show the same char-
agberistics as higher grade ores it is hoped that the
discussion and conclusions presented herein may assist
in successful exploration in areas containing greater
concentrations of chromite.

Aeknowledgements: The writer is indebted to Dr.

W, Ds Johnston, Jr, of the U, S, Geological Survey for
making possible work on so many different areas, and for
constructive critieism in the early stages of the investi-
gation., From colleagues and co~-workers in the U, S, Geologi~

cal Survey invaluable information, theoretical as well as
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factual, has been gained, The writer is particularly in-
debted to ir. G« A. Rynearson who collaborated in the early
portions of this investigstion, as well as to Dr. D« F.
Hewett, Dre Js s Veoples, Dre Fo G« dells, and Dr. T« P.
Thayer, all of the U. 3+ Geologlceal 3urvey. Dr. H. Jo
Praser supervised the research and critically read several
preliminary papers and short reports on individuasl dis~
tricts. Dr. Peonles, Dr.vsells, nr. Thayer, Dre. Iraser,
and Dr. Jon Caupbell have critically read this manuscript
and offered suggestions which have matericlly aided in its
preparation.

pPrevious work: tarly workers considered that weathere

ing of chromiferous sllicate minercls released chromium

.

1
which oxidized to form chromite deposits. Vogt— in 1894,

i/ Je He Le Vogt, Zeitschr, prakt. Geol., »p. 384~397, 1894.

suggested a magmetic origin for chromite deposits ¢nd by
1210 had developed the magmatic segregstion hypothesis in
essentially its present form. The mopmatic segregation
theory for the origin of chromite deposits postulated that
chromite wrs the first mineral to cerystallize, the source
magma being ultramsfic in composltion. The early formed
chromite crystels sgplomerated or concentrated to form
larger masses of chromite~rich material. The agglomeration
oy concentration was due to several phenomena, among them,

gravity settling, sonveetion currents, mutual ettraction,
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and filter pressing,

Chromite investigations In this country received a
great impetus when the reduction of imports during the
first world war focussed attention on ocur domestic depo-
sits, The genesis of most of these chromite derosite was
interpreted according te the maegmatic segregation theory,

In 1939 Sampsonéj and Ras&g/ first questioned the

2/ E. Sampson, Eeon. Geol., pp. 632-641, vol. 24, 1929,
3/ C. S, Ross, Loon. Geols, vol., 24, pp, 641-645, 1929,

validity of this hypothesis as applying universally to all
shromite deposits aend L. W, Fisheré/ published the results

4/ L, W, Fisher, Eoon, Geol., vol, 24, pp. 691-721, 1929,

of a detalled miceroscopic study of a variety of ores,
Fisher divided chromite occurrences into three groups de-
pending upon whether the chromite erystalligzed in the
"garly magmatic® period, in the "late magmatie” period,
or in an hydrothermal state. Fisher's coneclusion was that
the ma jor proportion of chromite deposits eonsist of M"late
magnatic” rather than "early magmatic” chromite as demand~
ed by the magmatic segregation theory.

Wg are now in the midst of another world conflict and
again the search for strategic metals has stimuleted in-

vestigations of domestic Shromite deposites Nearly all
recent papers have been published by the U, S, Geologieal
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Survey as chapters in Bulletins 922, 931, or 936. These
recent publications favor & relatively early crystallizee-
tion period for chromite with a subsequent differentia~
tion into typical magmetic segregation deposits, or,
injection of already corystallized chromite into the higher
and cooler portions of the magmetic chamber ylelding a
"late magmatic™ type of deposit. Not all authors are in
agreement and the present hypotheses are undergoing
constant revision,

Method of investigation: From 1938 to 1941, inclu~

sive, the author spent two to six months each year for

the U. S, Geological Survey in field work on e¢hromite de~

poeits in California, Oregon and Montana. Some of the pro-

Jects to which the writer was assigned were cooperative

invegtigations by the Geologieal Survey and the U, S, Bureau

of lMines. The exploration work of the Bureau of HMines gave

unusual opportunity to study deposits in three dimensions,
Since the completion of the work with ths CGeological

Survey, a year has been spent in office work an® labora~

tory research on the various chromite ores inveatigated,

the work culminating in the preparation of this manuseript,
The field mapping ranged from detailed plane table

sheets of individusl deposits on & smeale of one inch to

40 feet to areal maps of districts on a seale of one inch

to the mile. 'Yhere nossible, underground workings were map-

ped on a scale of an inch to 40 feet or less. As much of the



detailed work asg possible was carried out with elther trane
sit or alidade since magnetic anomalies are usuelly strong
in ultrabasic rocks, and compass or magnetic needles are
correspondingly affected.

In the laboratory investigations nearly 300 thin sec-
tions of rocks from various localities have been exanined.
Semples made up of pure chromite from various loecslities

were analysed spectro-chemically.
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GEOLOGY

Chromite deposits in different localities have many
features in common, perhaps more sc than most other types
of mineral deposit., The universal asgoclation of c¢hromite
with ultramafic rocks is almost unique in ore geology,
and yet, continued investigations in this apparently simple
and restricted field have resulted, not in a clear and
concise picture, but only in controversy and complexity.
However, before a description of chromite deposits is
understandable some sort of a classification of ocour-

rences is necessary.

Classifieation of chromite deposits

5/

Sampson—~' hag suggested a celassification of chromite

5/ B, Sampson, Symposium on ore deposits as related to
structural features, PIrinceton University
Press, pp. 110-125, 1942,

deposits primarily intended to focus attention on the
structural features of chromite occurrences, <The division
is five fold: ILvenly scatiered, schlieren banded, strati-«
form, sackform, and fissureform. Although thie clagsifi=-
cation undoubtedly has genetic significance, it serves a

strictly struetural or descriptional purpose; sampsoné/

6/ %, Sampson, op. ¢it., p. 111, 1942,




for example, observes that the sackform division may include
chromite of such diverse origin as masmatic segregation and
hydrothermal replacement. pPubt in the interests of uniforin-
ity and simplification, Sampson's classifiestion will be
followed in this paper,

Sackform chromite deposits: Sampson states, "No Enge-

lish term of which the writer knows is satisfsctory to de-
geribe this elass of ore body, though the German term
schauch, used by Lepez and mesning goetskin bag is expres-
sive.” gackform is taken by the writer to include such
terms as pod and lens, as well as more irregular shapes.
vost of the world's production of chromite has come from
sackform deposits. The outline is generally rounded al-
though protubersances are common and some recntrants may be
deep znd narrow. Boundaries with the enclosing rocks are
commonly sharply defined but may be vague and gradational.
The sackform bodies nre commonly found in highly altered
or serpentinized rocks, although occurrences in only slizhte
ly «ltered rocks have been reported.

stretiform chromite deposits: Stratiform deposits

occur in ignecus complexes produced by extreme differen-
tiation. The rocks exhivit well-developed layering on both
¢ lerge and small secle, and usually indicate thst the lay-
ers were Tormed while in a nearly horizontal position.
Cornositionally they are distinctive, generally having

lerge smounts of pyroxene and olivine with some feldspar
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in direct association with the ore minersl. These deposits
are remarkable for their great stratigraphic regularity,
continuous outcrops of individuel zones often beins tracee
sble for a mile or more.

Gehlieren banded chromite deposits: gchlieren banded

chromite deposits consist of streaks of chromite scattered
through olivine snd serpentine. In the western states,
those chromite deposits found in fresh rocks commonly occur
as schlieren bsnded denosits. All gradations are found
from vaguely defined accumulations of chronite grains to
sharply defined layers treceasble for many tens of fest,

The majority of the deposlts show & linesr structure with
only vaguely defined plenar structures. Sehlieren banded
structures, where found in fresh rocks, are often difficult
to distinguish from fissureform deposits.

Pissureform chromite devnosits: Wissureform chromite

deposits comprise the most controversial types. fThey are
vein-~like deposits localized along fissures and fractures,
whieh in turn, usually parallel reglonal fracture patterns.
The major interpretive problem is the question of whether
the chromite locnlized the frectures or the fractures
loce~lized the chromite. It is noteworthy that the only
two well-established localities for this type of devosit,
the Thetford sshbestos area in Quebec and the Selukwe
chromite district in Rhodesia, occur in ereas of complete-

1y altered and fractured rocks. This may or may not heve



genetic significance.

ivenly scattered chromite deposits: Evenly scatter-

ed chromite is well known as an accessory constituent in
most ultramafic roecks, In some areas the amount of chroe
mite may inerease until it becomes advantageous t0 concen~
trate it to a marketable grade ore., All grafations exist
between this type of ehromite accumulation and other types
of deposit, although individual deposits may or may not
show such gradation., It has been the writer's experience
that where chromite ore bodies occur in reletively fresh
roeks they are often surrounded by a halo of evenly seat-

tered chromite which decreases in abundance as the distance

from the ore body increases; where deposits occur in
serpentinized or highly altered rocks, the boundaries of
the ore bodies are sometimes sharp, often slickensided,

and disseminated chromite may be sparsely distributed,

Definition of terms

Ultramafic rocks are a group characterized by a high
proportion of magnesium and iron, The chief original

constituent minerals are olivine and pyroxene; varying
proportions of these two minerals determine the broad
¢lags into which a given ultramafic rock may fall,.

In this paper the ultramafic rocks are divided into

four types., Those rocks containing 95 percent or more of



P. 11

olivine and 5 percent or less of pyroxene are called dun~
ite; those rocks containing from 5 percent or more to 95
percent or less of pyroxene, the other essentisl constit-
uent being olivine, are called peridotite; those rocks
containing 95 percent or more of pyroxene and less than
percent olivine are ealled pyroxenite. here the altera-
tion 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 &
multiplicity of rock names such &8s saxonite, harzburg-
ite, lherzolite, wehrlite, cortlandite, etc. Osaxonite
is the most common type containing essential amounts of
ortho~pyroxene and olivine. 1In this paper rock descrip-

tions are restricted to the general term peridotite.

Klasmath lountains, California and Qregon

The general geology of the Klamath ljountain region of
northern Callfornia snd southwestern QOregon is falrly well=-
known, but deteiled mapping of parts of the area is incom-

2/ 8

plete. Published reports include work by Diller~', Hinds—,

7/ J. 5. piller, U. S. Geol. surv. Bull. 725, pp. 1-84,
lgfﬁl; Ae I« s ¥, Bull, 153, Do 2018, 1919.

8/ He Be Ax Hindﬁ, UniVQ Cﬁlifu BUll. Bep‘l}. (}601., Vol 20,
- ope B75-410, 1932,




9/ 10/ 11/ 12/

Shenon™ , Maxsonm™ , averill™ , Rynearson and smith™ ,

9/ Pe J. shenon, U. 5. Geol. Surv. Bull. 846, 1933,

10/ J. H. Maxson, Calif. Jour. Mines and Geol., vol. 29,
pp. 123-160, 1933.

;&/ Cs Ve Averill, Calif. Jour. NMines and Geol., vol., 31,

12/ G« A. Rynearson and G. T. smith, U. S. Geol. surv.
Bull. 922-J, ppe 281-306, 1940.

13/

and Jjells™ ,

13/ F. G. wells, Preliminary geologic map of the iedford
quadrangle, Oregon., Oregon Dept. of Geol.
and Mineral Industries, 1939 Preliminary
geologic map of the Grants Pass guadrangle,
Oregones Oregon Dept. of Geol. and lineral
Industries, 1940,

The Klamath ijountains are composed of schists, meta~
volcanies, meta-sediments, and unmetamorphosed Jurassiec
sediments and volcanic rocks, complexly intruded by a group
of peridotites, granodiorites and other igneous rocks.
several geologlice periods are represented by the rock se=-
quence, but paleontological or other evidence indicating
speciflc age 1s extremely meagre.

The oldest rocks in the region are hornblende, chlore
ite and mica schists which are tentatively ldentified as
pre-Cambrian in age. These are overlain "y a complicated
series of metamorphosed volcsnie and sediuentary rocks
which have ylelded both Paleozoic and “esozoic fossils.

The so-called Jurassic rocks are ssndstones and shales



P, 13

with interbedded voleanic flows and tuffs. Taliaferraéﬁ/

14/ N. L, Taliaferro, Bull. Amer. Assoc. Petrol. Geol.,
vol. 27, pp. 109-219, 1943,

correlateg these rocks with the Franciscen series of the
California coast ranges, but mapping is ineomplete,

A complex group of plutonie rocks intrudes tae
Paleozoic and Mesozoic rocks, This group may be divide
ed into two parts; (1) a metamorphosed quartz-~diorite,
associated with the Paleozoic formations, and (2) perido-
tite and granodiorite, probably asscciazted with the late
Jurassic (?) intrusives which form the core of the
Siskiyou Hountains.

On the flanks of the mountains, coarse c¢lastic Ure-
taceous and Tertiary rocks are exposed, They resemble
shore line or beach deposits laid down arocund an islend
forme® by the older rocks of the mountains. vonsiderable
exhosures of voleanic rocks occur to the north and east.

Recent grsvelg and aliuvium partially fill the
larger canyons; along the major streams remusnts of oléd
terrace deposits, some possibly Pleistocene in sge, some
auriferous, are found at various points high above the
level of present river bedg.

Detailed descriptions of other than ultramafic

rocks will be omitted as bearing no relation to the
chromite deposits,
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Peridotite and serpentine: The principal exposures

of peridotite and serpentine are found in the more north-
erly and westerly parts of the Klamath Mountains. The
largest area lies in Curry County, Oregon, where several
hundred square miles of ultramafic rocks are exposed, A
tongue of this same mass extends southward into Del Norte
County, CGaliformia and is well exposed along the middle
fork of the Bmith River. Other sizable areas of ultra-
mafie rocks are found in Shasta County, west of Dunsmuir,
California, in Trinity County, west of Weaverville,
California, and in the Seiad quadrangle, Siskiyou County,
California; small scattered patches outerop randomly
throughout the mountains., (see figure 2).

The large mass of ultramafic rocks in Curry County,
Oregon, contains few lmown chromite deposits, although
geveral moderately sized sackform bodies are found in
its southward extension in Del Norte County, Californisa,
Other chromite deposits are found in the northern part of
the Seiad quadrangle where schlieren banded and injection
type ore bodies occur in a northwest-striking discontinuous
gill~like mass of peridotite (see plate I). Small scat-
tered pods and lens~like bodies of chromite are sparsely
distributed throughout the ultramafic rocks in Trinity,
Shasta, Glenn, and Tehama Counties, and in the smaller serp-
entine magses in many parts of the mountains, Detailed dige
oussion will be confined to the Seiad area where the rocks are

generally fresher and more detailed work has been done.
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The greater part of the geiad ultremafic masses is
dunite, Locally, due t0 an incresse in the percentage of
the rhombie pyroxene, enstetite, the dunite grades into
saxonite peridotlte. The dunite is relatively fresh; al-
teration to serpentine ls mos%t pronounced alons Joint
planes and shear zones. 3mall bodies of completely ser-~
pentinized rock occur in several places, commonly not ase
sociated with the larger fresher rocks, but these may
represent o different phase of the intrusion. The dunite
is yellowish~green to grsenish~black on fresh surfaces
and weathers to a brownish to brick-red color. The ac-
cessory minerals tend to he more resistant to wenthering
and stand out in relief on the otherwise smooth surface
of the rock. The more highly serpentinized rocks westher
to a 1light green or greenlsh-Lrown c¢olor and are charac-
terized by slick, curved surfaces with a waxy luster. 4is
a rule, aress of dunite nnd serpentine may be recognized
in the field by their ssscciated reddish colored surfecs
end soll and by the sparse vegetation they support.

The mineral composgition of the dunite varies only
slizhtly. Olivine is the chief constituent. (Chromite and
magnetite occur as accessory minersls, usually as sparsely
disseninated grains, but sometimes in concentrations
large enoush to be of economic importance. Tremolite,
tale, anthophyllite, chlorite, magnetite, and serpentine

occur as producte of regional metsmornhism and hydro-
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thermal alterations.

The age of the dunlite and serpentine in the Klamath
Mountalins is not sccurately known. They intrude so-called
Jurasgic rocks and sre overlain by Cretaeeeous rocks thought
to be Horsetown or Chico in age; probably they were intrudw
ed at the time of the widespread period of batholithic in-
vrusion that occurred in the Pacific Coast region during
late Jurassic or early Cretsceous time. The order of in-
trusion in the 3eiad resgion appeers to have been peridotite

and dunite Tollowed by granodlorite and pegmatite.
san Luis Obispo gounty, Celifornia

The geolosy of the 3an Luls Obispo guadrangle and ad-

15/
4

jacent aress has been adecquetely described by Pairbanks

lb/ He i F&lrb&nks, Ue Se C@Olo SUrve G@Olo Atlas, gan
Tuis Tolio (No. 101), 1904.

20/

harderéé/, Loganéz/, Lalzur@iﬁ/, Fr@nkew*/, Allen—=", and

16/ =. ¢. Harder, U. . Geol. Surv. Bull. 430, pp. 167-183,
- 1910.

17/ ¢. A. Logan, Ccalif. state Mining Bur. Bull. 78,

- pp. 103-104, 167-178, 19183 calif. State
#ining Bur. State Mineraloglst's Report
21, pp. BOP-510, 1925.

18/ ¢. MeK. lLaizure, California state Mining 3ur. State
*” Kineralogist's Report 21, pp. 507-510, 1925,



}2/ H+ Ae Franke, Calif. Jour. of Mines and (eol.,, vol. 31,
no. 4, pp. 406-409, 1935,

gg/ Je Be sllen, Celif. Jour, of lines and Geol,.,, vol. 37,
No. l, 'ppu 159"'144, 159"164:, 194.:10

1/

Taliaferro—'. 7The detailed seolosy of several chromite

21/ WN. L. Teliaferro, California State Division of Mines
Bull. 118, pt. 2, pp. 119-163, 1941,

denosits has been worked out by the writer and Allsn B.

. 3 22
Griggs, of the U. 3. Geological survey-/.

22/ clay © sgmith and Allan B. Griggs, U. 8. Geological
surve Bulle in preparation.

The oldest rocks in the region are sandstones, shales,
chert, basic intrusives, and basaltic lava flows. These are
known colleetively as the Franeiscan series and are of

23/

probable Jurassic ages although Fairbanks~—' , has stated

23/ H. %. FPairbanks, op. cit., p. 3, 1904.

——

that thin-bedded sandstones and shales of the Knoxville
group overly Franciscan rocks with marked unconformity,

24 .
Taliaferro*“/ has recently held them to be conformavle and

24/ W. L. Taliaferro, ov. ¢it., p. 126, 1941; op. eit.,
- De 109 et seq., 1943,

-

states thst the Knoxville ig merely the upper portion of
the ¥ranciscan., The ehromite devosits occur in serpenti-

nized dunite and peridotite masses that intrude Franciscen
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and Knoxville rocks. gerpentinized rocks outerop in dis-
continuous belts having a genersl northwest trend, and
are found on the castern slopes of the gan Luis gange, in
Gan ILuls Valley, and in the western portion of the santa
Lucia Renge (see plate II).

Tertiary sediments, predominately shales and sand-
stones, cap many of the higher ridges and form the bulk
of the ganta Luica renge ferther north. J}Minor amounts of
both dikes and lava flows rangling from rhyolite to basalt
are found assocleted with these younger sediments.

No large alluviated sreas sre found within the Santa
Lucia range, although the valleys on either side are well-~
filled with reeent deposits.

Peridotite and dunite: JSerpentinized ultramafic in-

trusives are widely distributed in the coast ranges of
California. In the San Luis (Obispo area these masses oc-
cur in discontinuous belts generally having a northwest
trend. They are usually 2 to 9 miles in length and less
than 1 mile in width. A large mass containing the better
chromite deposits outerops 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 revresented by pseudomorphs of
bastite. The peridotite contains about 40 percent pyro-
xene (bastite). On fresh surfaces the rock is dark green
or brown with dark spots formed by pyroxene (bastite)
crystals. With westhering the rock becomes a light tan
or buff color and dark brown altered pyroxene crystsls
sometimes stand out in relief. However, the texture of
the original roeck ig welle-preserved, and unless it is bedly
sheared, peridotite is easily identified.

The dunite varies from dark 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 surface which local miners have called "buckskin”.
Olivine in dunite has been completely altered to serpen-
tine minerals.

punite is found in fairly smell irregulaer bodies
grading outward into peridotite. sharply differentiated
bands of the two types, which sre common in many ultra-
mafie rocks, were not found, and nearly all exposures
seen exhibited little structural relstion to one another.
The dunite bodies are commonly restrieted in any direc-
tion to a few hundred feet. (enerally, these bodies trend
northwesterly within the peridotite parallelling the oute

lines of the larger bodies of ultramafic rocks, although



loeally, wide variations may be observed.

25/

Fairbanks—" sgtates that peridotite intrudes both

25/ He 4. Fairbanks, op. cit., p. 6, 1904.

the Franciscan snd Xnoxville formation, but that at no
place has it been observed to intrude younger rocks. Ac-
cordingly, the ultramafic rocks of the sSants Luice range
are regardeéd gs late Jurassic or early Cretaceous in age.
nplabasic and schistose rock masses sre common in the
ultramafic rocks., gome of the masges have a random
orientation within the dunite and peridotite while others
are found in definite alinement, such as might be expected
with dikes. All the foreign rock material contains horn-
blende, chlorite, and plagioclase feldspar in varying
amounts, and chows the effects of considersble metamorphism.
Although some of the rocks are blocks of material which
have been broken from earlier formations, others are dikes
which ceut the ultramafic bodies and are elther contempor-
aneous with them or later. Tield relations indicate that
mach of the meterial has been intruded as disconnected dia~
base dikes, although part of the discontinuity of the
dikes may have been produced by later deformation of the

serpentinized peridotite.
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Strawberry Mountains, Grant County, Cregon

The geology of the Strawberry lountains has been com-

26/

prehensively treated by Lindgren— , and notes on the oc~

§§/ W, Lindgren, U. S. Geol. 3urv,, 22nd Anne. Rept., pt. 2,
ppo 712*717, 1901-

27/

currences of chromite have been published by Lindgren—',

27/ &. Lindgren, op. elt., p. 713, 1901.

.2 29/ .. 80/ 2
westgate— , Furness~ , Allem™ , and Thayer— .

§§/ L. Gs vwestgate, Ue Se Csole. Surve. Bull. 725, pp. 37-60,
i921.

29/ J. V. Furness, U. S Bur, lines, Mineral Resources U.
So, 1925, pto l, Pe 141, 1928.

gg/ J« Be Allen, Oregon Dept. Geol. and iin. Ind. Bull. 9,
pPp. 53«69, 1838,

g&/ T. P. Thayer, Ut Se GeOlc SUXrve Bullu 922°D, pp‘ 75“
112, 1940.

32/

Thayer—' summarizes the genersl geolozic features as

32/ T. P. Thayer, op. cit., p. 78, 1940,

follows: "rhe oldest rocks of the district are schists énd
layered diorite s.eceess..+0f Paleozoie sge or older. The
lesozoic rocks, which consist meinly of sandstone, shals,
chert, and limestone, contain some pebbly beds whose com~-

position indiecates that they were formed, at least in part,
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by erosion of the older rocks. Peridotite and dunite,
partly eltered to serpentine, are intrusive into both

the Paleczoic and jesozoic rocks. The ultramafics eccur
in two main belts {see figure 3), one of them near Canyon
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 dilis-
tributed in the reglon surrounding the Jtrawberry Range.
The area between the north base of the range and the John
Day River is occupied by coalegcing;@iluvial fans, which
contain placer gold in the vieinity 5f Canyon City. (ome
fairly extensive areas of alluvium and some glascial de=~
posits lie within the range.™

33
Thayer—~/ has subdivided peridotite as deseribed in

23/ T« P. Thayer, op. c¢it., p. 80, 1940.

this paper into two itypes, according to the amount of pyrox-
ene originally p»resent, 0livinite contains fron 5 to 80
percent of pyroxene with the remainder olivine; peridotite
contains from 50 to 98 percent of pyroxene together with
olivine. 1In mapping the distinction between olivinite and
peridotite can seldom be made and, as stated on page 11,

the writer nrefers to describe all rocks consisting of
olivine with from 5 to 95 percent of pyroxene as peridotite.
However, east of Canyon City the rocks are only about 50

percent serpentinized, and the various types are fairly



readily distinguished., (See plate ITIs)

Dunite: The dunite is a dense uniform rock whiech
weathers to a smooth reddish brown surface, snd commonly
has a well~-developed platy Jjointing. Because of the
weathering and Jjointing charscteristics, outerons are not
often developed.

peridotite; Peridotite weathers to a reddish brown

ar buff colored rock in which the pyroxene crystals stand
out in relief from the olivine matrixz. On fresh surfaces
it is difficult to distinguish between dunite and olivine~
rich peridotite without the aid of a hand lens.

pyroxenite: Pyroxenite is coarse grzined 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 serpentine.

Pyroxenite is found in the area east of (anyon Clty
where it makes up portions of the banded and layered rock
masses. The pyroxenite 1s generally confined to the
borders of the ultramafic area, commonly as lenses in
peridotite paralleling snd within a few feet of the con-
tacts.

gerpentine: In the Mt. Vernon serpentine belt, in

the Field's Creek region and west of Canyon ¢ity, the
rocks are completely altered to green serpentine and no
traces of the original minerals remsin. Distinction

between different rock types has not been possivle znd



these areas are mapped s serpentine. Although the tran-
gition from fresh material to green serpentine is grada-
tional in some places, in others the contacts are gulte
sharp.

The rocks are much fractured znd slickensided and
westher to & dark green or reddish brown soll. In the sere
pentine the chromite oceurs only as lenses or gackform de~
nosits, whereas in the fresher rocks several of the occur-
rences sre schlisren banded or show fissureform outlines.
Larse blocks of the Paleozoic and Mesozoie rocks are found
as massive inclusions in the serpentine, some of them more
than cone hundred feet long. A noteworthy fezture of these
masses, which are usually siliceous, is the lack of re-
action or metamorphic change between serpentine snd in-
clusions.

In the t. Vernon serventine area chrysotile asbestos
is found in fivers nearly an inch long. The veins are
small and discontinuous, but some mining has been attempt~
ed in one loeslity.

ncabbroic rocks =nd pesmatites: Banded gebbroic rocks

occur interleyered with the ultramafic rocks in a layered
part of the complex east of Casnyon City, and elso are
found as small dikes and plugs cutting the ultramafic mas-
ses. At the Chambers mine the chromite ore bodies sre €U
by coarse basic pegmatite and medium to fine~grained

gabbro dikes. Gradations between the pegmatite and gabbro



are found and hoth rocks seem to be relasted to the ultra-~

. B4/ .
mafic rocks. Thayer~ considers the gabbro and pegmatite

34/ 7. . Thayer, op. eit., p. 85, 1940.

to be contemporsneous with the ultramafic rocks, although
obviously representing the latest stages of the intrusion.

structure: MNuch of the ultramafic rock mass is mas-
sive and apparently structureless, but in some of the region
east of Canyon City banding is very prominent. The banding
is of two types, either; (1) & layered structure consist-
ing of alternating layers of dunite and peridotite or with
increasing pyroxene, neridotite snd pyroxenite, or (2) a
linesr arrangement of pyroxene c¢rystals 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 struecture is gquite distinct and readily mappable. The
linear elements are imore obscure and not easily detected,
although where found with the planar bending, the lineation
lies in the nlane of the layering. Linear arrangement o7l
chromite crystals was noted in the chromite deposits at
several localitises.

The attitude of the layvering varies greatly over the
mass, and bears no relation to the chromite deposits as far

as could be determined.
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MINERALOGY

Chromite deposlits are mineralogically simple; chro=
mite is the only ore mineral, and in most caeses, olivine
is the predominant =zengue mineral with smell amounts of
pyroxene. The gansue may be in all stages of transition
to serpentine, a feature which oftentimes obsecures the
csenetic charscters of individual occurrences. Debails of
the mineralogy are perheps best discussed in three ~roups:
hond specimen mineralogy, thin seection minerslo~y, and

minor elements determined by means of the svectrogranh,

BHand specimen mineralogy

Olivine, pyroxene, chromite, and magznetite are the
most abundant minerasls assoclated with chromite devosits.
gommonly the first two may be altered in part to serpen-
tine, and iron oxide.

The olivine of chromite deposits is widely variant
in texture. In the unaltered denosits it forms an equi~
grenular mass of anhedral crystals, often showins cone-
giderable fracturing. It is readily sltered to antigor-
ite and chrysotile yieldins slickensided surfacss along
joint plenes and other zones of dislocation; as alteration
becomes nore complete, the grasnular character of the rock

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

Znstatite or brongite is the common pyroxene associ-
ated with chromlte deposits; hypersthene and augite are
less eommon. Xnstatite occurs as scattered crystals use
wally b mm., Or more in length =and somebtimes including
olivine and chromite. The pyroxene comumonly alters to
bastite preserving the outline of the original pyroxens
¢rystales In hand specimen 1t is difficult to deterwine
the degree to which the pyroxene has been altered.

gnromite in hand specimen is dark brown to black and
glves a brown streak; 1f erysitsls are present they sare
small octszhedra commonly less than 2 mm. across. Some
chromite is slightly magnetice and then is difficult to
distinguish from megnetite. Chromite ore sometimes is
dense, sometimes granuler, and sometimes oceurs as sparse
disseminations through the gengue.

Megnetite always gives a black streak, is very nag-
netic and, if erystzlline, has lustrous black crystal
faces. It is distinguished from chromite by its much more
intense maznetism and black streak. In chromite deposits

there is commonly one percent of megnetite pressnt.
Thin section umineralogy
Olivine in thin section shows random orientations,

subhedral to anhedral erystal forms, and a characteristie

pattern of irresgular frsctures, (livine from some
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loecalities has & peculliar bladed intergrowth resembling
twinning, and elsewhere shows long strincs of similerly
oriented erystals which have been described as ridbbon

P ool

3
structure by some observers.~ (ranulation is rare, al-

35/ T. P. Thayer, personal comnunication.

though thin sections of olivine kindly furnished by 7, p,
mhayer of the U. 2. Ceological zurvey from the Twin sSisters
Range east of Bellingham, Weshington, show mylonitization
in a few limited areas., Crushing and granulstion of oli-
vine is usually obscured by leter serpentinization.
Pyroxeng in thin section rarely shows twinning and is
often the first minersl to yield to alteration. Pyroxene
is commonly the last mineral to erystallize and either
poikilitically includes olivine and chromite, is molded on
the olivine and chromite grains, or, fills interstices.
Chromite in thin section may be ovaque or translucent
in shades of reddish brown, deep red, or yellow. Little
relation bebtween color of chromite =2nd percentaze of
Cre0z in the chromite molecule has been found, although
the deep red chromite usunlly contains & grester percent-
age of Oryl0y than does the yellow mineral. Chromite oc-
curs in esuhedral ecrystals, in irrepular rounded masses
and as massive aggregations of crystals., HMuch of the
evenly~scattered chromite In the Pacific Comst deposits

is fine-grained, and few deposits have been found where



average grain diasmeters exceed 1 mm., Some chronmite grains
show serrste edges suggesting recsction after solidification.
Relations between olivine, »yroxene and chromite indicate
that chromite may be early, intermedliate, or late in the
crystallization sequence, while olivine is conmmonly early

and pyroxene usually late.

Minor elenents

Theoretically, pure chromite contains 68 percent of
chromic oxide and 32 percent of ferrous oxide, but in nature
this ideal composition is seldom attained owing to the
nresence of aluminum, ferriec iron, and magnesium in the
chromite molecule. Because of the nresence of these other
alements the formula for chromite is nore accurately writ-
ten as (Fe,mg)o.(Cr,Al,Fe)geg. In addition to these major
constituents, manganese, titanium, csleium, asnd silicz =zre
usually reported in amounts up to a fewstenths of & per=~
cent. MHowever, the spectrograph revesls other minor con=
stituents which seem to be persistently associated with
chromite recardless of the locality from which it is ob-
tained, althoush present in amounts less than 0.0l percent,
These are telluriuwi, vanadium, sodiuwm, silver, potassium,
cobelt, end nickel. Noteworthy is the lack of platinum
group metals, even in specimens from the ptillwater complex,

where plotinum is known in other horizons in the complex.



gemi~quantitative measurements of variaetions in the pro-
portions of these minor slements are sho'n grrphically in
figures 4 through 12.

rigures 4 through 12 have asg their ordinates the in-
tensity ratios of each element investigated spectrographic-
ally. The intensity ratios were deteruined by the method

7

56
described by wWilson— . They represent the relative amount

36/ H. De Be Wilson, Unpublished doctorate thesis, Ccalif.
Inst. of Tech., 1942.

of g given element referred to a known standard, in this
case, a standard lithium line. 3ince 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 samples was being investi-
gated, the necessary working curves and standard 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-
cance as far as actual percentage of different elements is
concerned; however, an intensity ratio of 0.1200 repre-
sents twice as nmuch of the element present as an inten-

sity ratio of 0.0600. Thus, in the nickel diagram,
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figure 12, the sample from the Sweetwater mine with an
intensity ratio for nickel of 0.2841 contains twice as
much nickel ag the sample from the Seiad Creek mine with
an intensity ratio for nickel of 00,1449,

The abscissas of figures 4 through 12 are 21 local=
ities grouped according to the hypothesis proposed in this
papers That is, each locality is assigned a position in
the time~orystallization sequence and then its minor element
intensity ratios are plotted accordingly. The time se=-
quence ranges from a deposit which shows little or no cone-
centration of chromite and no structural control to one
in which field evidence suggests veiln structure in the
chromite ore bodies. The intermediate positiong are de-
termined by field evidence and approximately are divided
into three groups: The typical sackform type of deposit
with concentration of chromite dominant and little struce
tural control; the schlieren banded type of deposit with
concentration of chromite modified by structural control
prineipally by flowage; and finally, approximating the
fissureform type of depoesit with concentration of chromite
modified by fracturing, fissuring, and injection with pos=-
gibly some replacement., It is significant that the main
points of this sequence were worked out before the re-
sults of the spectrographic study were known; thus, the
somewhat orderly arrangement of the minor elements partially

substantiates the hypothepis presented in this paper.



golumn one represents two rather widely separated
sanmples from the Stillwater complex, Montana for compari-
son with the Paciflc (oast types. (Column 2 representis a
sample of typical evenly-scottered chromite from the See-

3%/
ley elaims, San Luls Obispo County, ¢alifernis.™ ¢golumn

ﬁz/ Cs Te Smith and A. B. Griggs, op. cit.

3 represents samnles from the sackforn bodlies of the Cham-

38/
bers and gilver Leesse deposits, Grant County, Oregom™ ,

38/ T« P. Thayer, op. cit., pp. 96-98, p. 110, 1940.

sn@ from the evenly scattered ond sacl:form bodies found at

the Qastro, Froom Ranch, Middlemast Ranch, and Pick znd

P

shovel deposits, Sen Luls Obispo County, cCalifornia. ™

39/ C. T. smith and 4. B. Griggs, op. cit.

golumn 4 represcnts samples from the Iron Xing and an un-

40/
named prospect, Grant gounty, Cregon,~ and from an un-

40/ T. P. Thayer, op. cit., pp. 98-100, 1940.

naned prospect near Callghan, California, all typical sack-
form masses. Column § represents samples from the
schlieren-banded bodies of the Veta Crande, Veta Chica

{Jumbo), Cerro Colorado, and Neptune claims, Mesuffey Creek,



. 41
Siskiyou County, ¢alifornia,—™ gcolumn 6 represents same

ﬁ&/ Ge 4e Rynearson and C. Te Suith, ope ¢it., ppe. 204~
3085, 1940.

ples of orbicular and nodular chromite from the Mary Lou

and Black Spot claims, MeGuffey Cresk, Siskiyou (ounty,

42/

California.~— (Column 7 represents g gchlieren~banded or

gg/ Gs As Rynearson and C. 7. Zmith, on. ¢it., pp. 304~
308, 1940.

fissureform sample fron the Selad (reek nmine, siskivou
4

) 43
gounty, California. (olumn 8 renresents a samnle from

43/ G« 4. Rynearson and ¢. T» Smith, op. cit., pp. 298-
201, 1940.

fissureform (%) bodies at the Sweetwater mine, San Luis

AL
Obispo County, California.—=

44/ ¢. T. Smith and aA. Be. Grizes, op. cit.

Mangenese increases in amount appreciably from depo=-
sits believed to have formed early in the seguence to de~
posits which are so late in the sequence as to suggest in-
jections and perhaps replacement of dunite by chromium-
rieh residual material. aAlthough the manganese content of
chromite from individual locslities shows considerable
spread, and makes impossible direct correlations between

loecalities, the trend of increasing manganese content is
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unmistaksebles. This is the only element which suggests a
constant inerease throughout the time interval considered.

Nickel exhibits & u or v-shaped curve that, exclusive
of manganese, is characteristic of nearly all the other
elements Investigeted. The nickel content of the chro-
mite molecule gradually decreases from the earliest crys-
talliging chromite to a minimwn in the central part of
the sequence and then rises toc & content somewhat higher
than the start of the seguence. Insufficient samples were
investigated to determine to what factors this behaviour
might be due.

The remainder of the curves are less significant.
Bach curve shows a ninimum corresponding to the minimum
shown by nickel and at nearly the same position in the tinme
seguences However, cobalt, silver, sodium and vanadium
show less total veriation in their curves than do the in-
tensity ratios obtaired from certain groups of localities.
In the ease of sodium and vanadium this 1s expectable be-
cause under the conditions prevailing in the determination
of intensity ratios, the sensitive lines for these ele~-
ments were so faint that acecurate determin:tion of their
intensity values was not possible. It is significent that
although the values may be in error by & consideradble a-
mount, the trend toward minimum values in the central
portions of the curves is present. Titanium and tellurium

show little variation and no particular pattern in their



curves, and their content is but slichtly affected by the
time of chromite crystallization.

Pigure 13 is a composite diagram in which intensity
ratios of the elemente investigated are plotited against
Cry0x content of seven samples for which this latter in-
formation was available. The samples are plotted in
order of increasing Crp0z content, ranging from 37.8 per-
cent to 54.85 percent. The random variations are obvious
when compared with figures 4 through 12.

Obviously, before conclusions cen be drawn, many ad-
ditional samples should be investignted. Depending on
the size of a deposit, between 5 and 50 samples would be
required to substantieste the trends suggested by the sam-
ples debermined in this Investigation. However, the
curves for each element, although based on meager dzata,
do suggest in the minor element content of the chromite
molecule a regzular varietion when arranged in the time-
erystallization seguence propesed in this paper; the
variation is thought to reflect differences in the con~

ditions of deposition and erystallization.
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ALTERATION

The gangue minerals of chromite deposits are commonly
altered to the groups of minersls generally classed as ser-
pentine. In addition, tremoclite or hormblende, talc,
uvarovite, and kaemnererite or kotschubeite are sometimes
present.

Rerly stage slteration products: WHarly alteration

products are usually destroyed by some subsequent change
in the rock mass. Possibly etched or rounded or resorb-
ed crystals of early formed chromite may be preserved as
early stage alterations, althousgh alteration of this type
is not usually apparent in hand specimen.

The principal glteration of ultramafic rocks visible
in hand specimen is serpentinization. The serpentine may
be green, yellow, brown, black or red and may or may not
preserve the texture and structure of the original rock.
conmonly two steges of serpentinization are visible, the
more abundent being the early stage slterstion product.
Late veinlets of hydrothermal serpentine fill fractures
and form cross~cutting stringers; quantitatively these are
minor.

Two types of serpentine are known. The 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 compositicn or structure. The second
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type often preserves the structures and textures of the
original rock, is granular, and commonly colored brown to
yellow or red. In some cases rocks that are completely
altered to serpentine minerals are difficult to distinguish
from fresh or partislly altered rocks of similar originel
composition and estimetion of the degree of alteration in
hand specimen is largely a matter of experience.

In thin section serpentine derived from olivine is
commonly the antigorite variety with occasional veinlets
of chrysotile., 4ll stages of conversion of olivine to
antigorite may be observed in the various deposits, from
the fresh olivine of the Twin gisters Ranze, east of
Bellingham, Washington, to the ultramafic rocks of the
ganta Lucia Range northwest of San Luls Obispo, ¢alifor-
nia, in which textures are well-preserved, but no shred
of original olivine remsins. here serpentization is
wildespread and has not been localized by structursl con-
trols, chromite mineralization appears to be independent
of the alieration. gtructural controls which localize
chromite deposition may tend to Joecslize later serpen-
tinization, Little slteration is observed on chromite
grains, serrate edges suggestive of resorption or re-
solution are found in & few localities, but most chromite
grains in these loecalities are little affected. DPlaty
pseudonorphs of bastite after enstatite are found, but

often pyroxene is altered to antigorite, with no trace
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of original pyroxene remaining.

Late stage alteration products: Talec, tremolite,

uvarovite, anthophyllite, and kaecmmererite 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. Uverovite seldom oc~
curs in amounts sufficient to determine accurately its
relation to associasted minersls; kaemmererite is always
associated with chromite and never with olivine or pyroxene
and is derived from alteration of chromite. Kaemmererite
usually occurs as fine~grained smears along tiny fractures
and c¢racks in chromite, although crystals nearly an inch
in diemeter have been recovered from one locazlity in the
Klamath Mountains. In some sreas large masses of magne-
site or other carbonates develop, although few localities
contain appreciable guantities of magnesite associated
with chromite.

In thin section late stage serpentine forms Crosge-
cutting veinlets, the velnlets often containing minute
amounts of chromite and magnetite. Some chrysotile also

occurs &8s small veinlets.



STRUCTURE

Chromite deposits are structurally complex. L& Samp=

sonég/ has indicated in the classificstion referred to

45/ ®. gempson, op. eit., p. 111, 1942,

earlier in this paeper, similar structures do not necessari-
1y preclude dissimilar origins. gtretiform deposits are
not known in the Pacific Coast region and these structures
are omnitted from the discusslon.

Structures of chromite bodlies may he discussed under
three headings: first, structural relations of ore and
gengue; second, size, shape, distribution, and structure

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

gtruectural relstions
of ore and gasngue

structures confined to ore bodies are of necessity
limited. The simple mineralogy of chromite deposits re-
striets variation even further, limiting structural con-
siderations to features shown by olivine and chromite
grains. Several peculisr textures are exhibited by near-
1y all chromite deposits, namely, linear and planar band-

ing, nodular patterns, and orbicular struecture. Some of



these structures may have genetic significance, while
others apparently occur regardless of the origin of the
deposit in which they exist.

Massive chromite: ¢Chromite in a single deposit may

range from aceessory grains scattered through dunite to
massive aggregations of nearly pure chromite. (gee figure
14}« The aggregetions are compoged of anhedrsl grains of
chromite, many of the zrains comprising several crystal
units; a few individuel crystels of chronite are always

found 1n massive ore.

Bvenly scattered chromite; Tvenly scattered chromite

occurs sparsely distributed throughout most ultramafic
rocks. here it is sufficiently abundant to warrant
beneficiation as an ore of chromium, the grains may be
euhedral or asnhedral, and may be included in, molded

.

around or replace olivine grains. Jhere evenly scattered
chronite is & minor accessory, it commonly shows euhedrsl
outlines.

Banded chromite: Banding is of common occurrence in

chromite deposits; both linear and plansr parallelism of
chromite grains occurs, as well &s, linear and planar
parsllelism of pyroxene or amphibole erystals in dunite or
peridotite. The besnding occurrins on gertain surfaces

due to the exposure of traces of these linear and planar

structures is hereinafter referred to as linear or
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Flegure 14

Fhotomicrograph of polished section of mus~
sive chromite from the schlieren banded
and injection type deposit on gelad
Creek, siskiyou County, calif.
I&agnii‘ioatign approximtely

0

XLe

Photomicrograph of polished section of mas=-
sive chromite from a sackform deposit
near auburn, Placer County, Ccalif.
Magnification approximately

50 X



planar banding.
The chromite layers or strecks consist of alterna-

ting zones containing varyine amounts of banded chro-
Where »nleanar bandins oceurs the edges
along the

£
LR

mite and olivine.
of the bands are sharply delimited, althou

boundaries of the bands chromite grains are secn 10 cross
grains pro-

The chro-

e
e

cut the olivine grains, and sometires olivine
15a).

jeet into the chromite bands (see fi
mite bands are usually not more than a guarter of sn inch

wide but oceasionsl zZones are found with alternsting

layers of chromite and olivine as much a8 several inches
3incle streasks or leyers ore not

to one foot in width.
continuous for meore than fifteen or twenty feet, but

& vague

pinch out as snother layer a few inches to one side or
the other reaches a maximum width. In some cases banded
ore may gresde into massive ore, which may show

Elsewhere, banded ore nay

lineation or planar banding.
grade outward into evenly sc¢attered ore with linear

S

tude

structure, or directly into bsrren dunite.
gen=

Jhere pyroxene or amphibole banding occurs, it
very similar to chromite bending elthouzh the bands
erally are larger; sharp bounderles are common due to

elongation of pyroxene and amphibole erystals parallel

to the nlanar or linear structure of the layer.
Chromite often occurs as rounded

Nodular chromite:
spherical eggregates to »hich the term nodular ore has




Figure 15

Photomicrograph of thin section of
chromite band in dunite. Note
interlocking grains at edge
of band. lagnification
approximately 25 X.

Pe

Photomicrograph of thin section of
chromite nodule in dunite. Note
euhedral grains at edge of
nodule. Magnification
approximately 25 X.

o3
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been glven. The nodules may be perfect spheres but more
commonly are ellipsoidal, occasionally distributed in an
orientation paralleling the long axes of the ellipsoids.
They vary fraa about 5 mm. up to 20 mm. in diameter. The
nodules are embedded in a m:trix of serpentinized olivine
similay to other ore tyres. The nodules have & roush sup=
face formed by the projecting edges of crystals and crys-
tal foces, although the variation between points on the
surface of the nodule is small compared to the size of the
nodule. (See fisure 15b). Pyroxens crystals are some-
times found occurring with nodules of chromite, and
pyroxene may also show nodulcr form when oceurring in this
manner. The origin of the nodular structure is obscure;
the nodules may result from crystallization of liguid
globules produced by liquid immiscibility, or they may be
the result of replacement of earlier formed structures

now obliterated.

Orbicular chromite: QOrbicular chromite consists of

a center composed of chromite crystals surrounded by a
shell of olivine, imbedded in a matrix of serpentine,
chromite, and olivine. One or more alternating shells
of chromite and ollvine are 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 ¢zses orbicular

rock is zood ore. Hore often interstitial chromite is
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mixed with olivine and serpentins and is less abundant
than the chromite in the center of the orbicule, and the
rock 1is low grade.

The orbicules are sometimes spherical bult more often
are ellipsoidal or eylindricul; they zie cowmuonly about
20 mme long end from 5-10 mm. in dlsmeter. lattenin: and
elongution of the orbicules is parallel to the dip and
strike cof the bending in the chromite with which the or-
bicules are assocliateds. Qccurrence of orbicular and
nodulzr chromite together suggests genetic similarity as
also does their appearance in hand specimen (see frontig-
piece),

The origin of the orbvicular ore is even more ob-

46/

scure than the nodular ore. jjany recent workers—' have

46/ H. Backlund, Jours Geol., vol. 46, pp. 339-396, 1938.
P+ Eskolas, Jour. Geol., vol. 46, pp. 448-485, 1938,

Balyankin and Petrov, Min. Abstr., vol. 6, p. 304,
1935"3 »

« I« Goodspeed, Amer. Hiner., vol. 27, pp. 37-47, 1942,

felt thaet orbicular structures sre the result of replacement
rather than & special type of crystallization =s was previ-
ously supposed. The writer is inelined to consider orbic-
ular chromite the result of replacement, but the original
structure ﬁhich has been replaced is unknown. Some o0lie

vine in refrsctory bricks crystallizes in bladed rosetie-



like forms, but later inverts to the common granulsr crys-
talline mosaie; it is possible that such rosettes may
serve as original structures for replacemsnt by chromite,

giving rise to orbicular structures.

Size, shape, distribution
and strueture of ore bodies

Zvenly scattered deposits: Deposits of evenly scat-

tered chromite comprise the sinmplest types. Chromite
grains, euhedral bto anhedral, are disseminated throughout
a matrix of Iresh or serpentinized olivins., The chromite
mzy be earlier than the olivine or may replace the oli-
vine or may be crystallized countemporansously. Sackform
deposlits comprising masses of varying size are formed as
the chromite grsins become more avundant. Gradations
between evenly scattered deposits and all other types
are falrly common and in some cases distinet boundaries
are difficult to determine. 7The ocutstending character=-
istie of this type of deposit is its lack of significant
structural features. $Such an ocecurrence is illustrated
by the Seeley c¢laims in the San Luils (Qbispo region.

The Seeley claims contaln ore consisting of fine-
grained chromite disseminated through serpentinized dun~
ite which grades outward into peridotite. (Gradational

boundaries charscterize the edges of the ore at points
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where the contacts are not faulted; faulting is post-ore
and post-dunite. (re 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 outceron failed to dis-
close any ore. The eastern ore body comprises two narrow
zones of evenly scattered chromite in serpentinized dune-
ite separated by = bend of peridotite., 'The exposures are
limited and the boundaries of the ore body are unknown.

sehlieren banded deposits: Sehlieren banding has

been invoked by many suthors to explain the layered,
linear, streaked struetures observed in many chromite de-
posits. The streaks, and leyering of chromite in dunite,
are sunpposed to have resulted from flowage in still
nlastlic magme after crystallization of a large part of
the constituents. Althourh such flow structures are gen=-
erally well-develoned only near the morgins of intrusive
masses, many chromite deposits occurring in the centers
of intrusions exhibit similar features.

Drag folds, and other minor flexures, indicate that
movement probably takes nloce in a relatively viscous
medium; dimensions of the folds are commonly measurable

in inches rather than feet and seldom exceed two feet
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from 1limb to limb. These primary flexures may sometimes
be confused with later deformation which usually results
in lsrger scale elfects. The schlieren banded deposits
are characterized by a lack of continuity of streaks and
layers in all directions, with their length being from
ten to one hundred times greater than any other dimension;
an average stresk might be 10 feet long, & inches wide and
less than a foot thick at iis maximum thickness.

Schlieren handed chromite layers are often connected by
evenly scattered chromite ore; ore bodies formed by this
process are often low grade end extremely voriable.
echelon patterns are known, but this structure is more
often developed in other types of deposits.

sackform deposits: gackform deposits together with

the stratiform types furnish the bulk of the world's chro-
mite production. The rounded, irregular masses are usugl-
ly found in random crientations, much as reisins in a pud=-
ding. Qccasionally they are grouped in clusters in ill-
defined zones such as at San Luls QObispo, California;
sackform mssses occur less frequently irregularly distribut-
ed along easily recognized fracture patterns. In the
pacific Coast region the sackform deposits comprise two
types; deposits found in completely serpentinized dunite,
and deposits found in fresh or only partially altered rocks.
The sackform deposits found in serpentine usually have

slickensided surfaces, are small, commonly containing less
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than 100 tons of magsive chromite, and have apparently
formed without recognizable struetural controls. ‘The
slze of the ore body bears little relation to the extent
of the serpenhtine mass in which it is contained, slthough
the very large deposits are confined to the larger intru-
sive masses. It seems probable that, in some cases at
least, the structures that controlled the emplacement of
the sackform deposit have been obliterated by serpentini-
zation.

The sackform deposits found in the fresher rocks are
often bounded by shear zones or faults, but it is question-
able whether the shear zone localized the ore body or the
ore body localized the shear zone. In nearly every cCase,
linear or planar bending is also present resulting in
gradations from thils type into deposits of the schlieren

banded type.

Deformation of chromite deposits

Bvenly scattered deposits: Deformation is recogniz-

able in evenly scattered deposits only where sufficient
concentration of chromite has taken place to permit dis-
tinction of one part of the mass from another. Folded,
crushed, and sheared chromite and dunite are found;
oftentimes, localization of the chromite and localization
of the effects of stresses cousing deformation have c¢o-~

incided in space i1f not in time. The Castro mine near



San Luis Obispo, California, is a deposit of evenly scat-
tered chromite which has been deformed by landsliding,
faulting usnd shearing.

The ore bodies at the Castro mine are exposed by four
large open cuts, several bulldogzer trenches, and four
levels of underground workings (see Plate IV). The upper
cut, operated @s a glory hole, has produced most of the
tonnage shipped. The underground workingss and bulldozer
trenches were made during the explorastion program con-
ducted by the Us S. Bureau of Mines in 1941.

The chromite occurs as rounded to angular grains dis-
senineted in a serpentinized matrix. The chromite is very
uniformly disseminated and clots of massive chromite or
patches of barren serpentine within the lenses are rare,

The boundaries between ore and gangue are sharp;
barren serpentine st the contasct ususlly forms an intense-
ly sheared shell. The rock within the ore bodies is not
sheared but is fractured, et some places hizghly so.
Fractures are usually filled with opaline or clay-like
material resembling fault souge, but no measurable dis=
placements were noted.

There are six separate ore bodies exposed at the
Castro mine. They cre tabular to lenticular in shape,
nearly flet in attitude, and elongated in zn east-west
direction. 4 lendslide has apparently displaced the two

-

westernmost bodies, dropping them about

(=3}

C fest and moving



them about 150 feet to the west. Serpentinized dunite
envelops the bodies except in a few isolated places
where ore is Iin contuaet with serpentinized peridotite or
diabasic inclusions.

The lower ore body is by far the larger and has more
of a tabuler form than sny of the others. It is cut near
its northern boundary by a steeply dipping serpentinized
dunite dike, 2 %o 5 feet thiek, striking M. 65° 4. That
portion of the ore body on the southwest side of the dike

ig dropped & feet.

gehlieren banded deposits: Deformation in schlieren

banded deposits 1s commonly characterized by faulting or
shearing. Individual fsults may show smell displacenents,
but net displacement of a single unit may be large due to
additive effect of parallel or en echelon fractures. Dew-
tailed studies of faulting in chromite deposits are com-
plicated by the presence of well-developed Jjoint systems

In the country rocks, and the fact that any fracture in dun=-
ite 1s commonly zltered to serpentine; as s result surface
traces of faults are almost impossible to differentiate
from minor joilnts or secondary frectures.

sackform deposits: Deformation of the sackform de-

posits yields very complex structures. The sinmplest of
these are vein-like shear zones containing crushed and
transported chromite which extend outward from the main

ore bodies slonz the shear zones. 4s Taulting and
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shearing increases in intensity, orizinal structures may
be completely obliterated, and former rounded equidimen~
sional bodies may be elongated and nerrowed until they
appear veinlike. A typleal exemple of thils type of de~
posit is the Piek and ghovel HMine near San Luls QObispo,
California.

The Pick and gshovel mine is developed on four levels
of underground workings. The most important ore bodies
have been worked from the £nd snd 4th levels, with the
largest extending from nearly 30 feet above the 4th level
down to the 3rd level, & distance of about 40 feet. The
accompanying plan of the workings indicastes elearly the
haphazard distribution of the ore bodies. (See fig. 18).

lfost of the ore consists of lsnticular high grade
bodies of chromite scottered through counpletely serpen-
tinized dunite and peridotite, although all gradotions
occur between chromite grains dissemineted in serpentine
and massive high grade pods which contaln little or no
serpentine.

Post-ore shearing has developed long narrow string-
ers of chrumlite which have formed at the expense of high
grade pods., On level Ho. 2 o high grade lens containing
hearly 1000 tons of massive ore has been mined out, and
extendinz in @ither direction along shear zones which pass
through the lens, smaller pods and crushed ore have been

mined for a dlstance of more than 100 feet beyond the



main ore body.

Faulting may also deform sackform deposits slthough
commonly, they tend to act as butitresses for stresses,
foreing fault lines aground their edges rsther than yield-
ing easily.

Interpretation of deformation in sackform denosits is
particularly difficult since reference beds or zones
are limited. The monomineralic character of the dunite
mekes recognition of structural features, by means other
than the ore bodies themselves, uncertain.

Pissureform depositsy Tissureform devosits are

among the most controversisl types recognized at the
present time. They nearly always occupy a faulted zone,
oftentimes being faulted or sheared after the euplacement
of the ore. The only deposit in the writerts experience
which approaches the conditions reguired of this type
is the sweetwater iiine in the Santa ILucle Range northe
west of the sSan Luls Obispo, California.

The mine workings at the Sweetwglter iine comprise
five open pits alined in a N. 600 Yo direction over a
distance of 325 feet, five tunnel levels below and to the
north of the »its, and a tunnel connecting the two eastern-
most pits with & cross-cutting adit from {this tunnel to
the curfeee. The overall length of chromite outcrops in
the workings is 600 feet over a vertlical range of 150

feet. There are 1400 feet of tunnelling and five small
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stopes from whiech chromite has been extracted. (zee
pl. ¥).

The chromite ore occurs as irregular masses, streaks
(some due to postenminersl movement), small clots, and éis=-
erete graine. The mineable ore bodies are connected by
greins snd small eclots of evenly scattered chromite. (Qre
bodles are clongeted nerrow bodles conteining from less
thon one hundred up 40 several hundred tons of massive
ore. Niemnents of the extr:icled masses grade abruptly into
barren rock or disseminated ore.

The ore becring areas esre contained within = mass of
serpentinized dunite which is surrounded by peridotite;
the dunite occurs as an e¢longated, irregular body which
has & northwest trend. The ore besring areacs are further
restricted to vaguely defined shoots within the dunite.
The long axes of these shoots strike wW. 85° . and piteh
from 20 to 25 degrees to the northeast, and 1lie in an en
echelon pattern. Two of the shoots are exposed in the
underground workings with their upper ends cropping out
at the surface., Poselitly two nnre are exposed in the mid~
dle pits. 7The ore shoots found in the underground workings
can be treced alwmost continucusly over a 200 foot range,
and there is no indicastion that they do not continue in
depth.

the ore shoots sre irresular and there 1s a wide

variztion in their chromite content. They are widest
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adjacent to high grade ore bodies, attaining thicknesses
of 30 fset; they narrow rapidly to widths of a few feet
between stopes, in some places almost pinchiny out. The
dunite enclosinz these shoots nay contain small amounts
of chronite, but it is generally barren.

leny diabusic inclusions sre found in the ore and
surrounding rocks. They have no genetic relation to ore
bodies, but they are cut by ore stringers or may occupy
areas which misht otherwise bve solid ore. (sSee fig. 17).

Shearing of both chromite and dunite is evident
throughout the deposit; the trend generully narallels the

ore zones. This direction is slso the trend of the larg-

er structural festures of the Santa Lucla Range.
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ORIGIN

Hypotheses concerning the origin of chromite deposits
have long presumed thut chromite originsted early in the
magnatic stage, end that further concentration took place
by essentially mschanicel movemsnt rather than chenical
reactlons The classical mapmstle sepregation theory »Hroe-

47/

rosed by Yogt—', assumed thot chronite crystsllized early

47/ J. H. L. Vogt, op. cit., pp. 384-393, 1894,

in an ultramafic megma and that_the deposits accumulated

vy erystal settling, aggelomeration, and grsvitative dirf-

49/

ferentiation. uampuon-/ and Ross—' polinted out certain

ﬁg/ L. Sempson, op. c¢it., pp. 832-641, 1928,
ﬁ/ C. 3. ROSS, Op' cit., pp' 641"645, 19290

Tfeatures which seem to be opposed to this view: Sampson
showed that chromite from stratiform type deposits crys-
tallived efter olivine and in umany cases was later than
bronzite, He also poin.ed out the occurrences of chromite
in conglomerate in the gelukwe district of Southern

Rhodesia. He interpreted the comnmon association of wmore

o

ntense serpentinization accoupanying chromite velinlets

to mean that the chromite wag introduced with the ser=-

i
s
&

sntine. Ross, From chroniwa-besring wltramafic rocks

g

near Jebsbter, North Cerolina, illustrates by chemical
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analyses that chromium is carried in large amounts in
later pyroxenites, but that earlier dunite with whiech
chromite deposits are associated containg little or no
chromium., He interprets this relation asg indication that
the original dunite was not chromium-bearing and that the
chromite was introduced into the dunite from the later

pyroxenite. In 1929 Fi&herég/, published a paper on the

50/ L. W, Fisher, op., cit., pp. 691=721, 1929,

origin of chromite deposits, dividing them into three
groups, early magmatic, late magmatic, and hydrothermal
baged upon the period of formation of the chromite.

51/

Bowen—' develops & process combining successive frace

61/ N, L, Bowen, The evolution of the igneous rocks, 1928,

tional crystallization with continucus removal of erystal-
line products, and reaction with liquid of constantly
changing composition to obtain local accumulations of
chromium=-rich spinel crystals.

Nearly every idea presented has presumed to sub=-
divide the magmatic process into a series of more or
less disconnected stages, with little regard for the man-
ner in which the megma attains the various conditions postu=
lated, Although Bowen's hypothesis is as rigorous as pos~

sible with the laboratory data available, the field rela-

tiong of many of the chromite deosits present evidence not
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not compatible with the laboratory results. 4in ettempt to
indicate such evidense is embodied in the following seetion,

Field relstions of chromite deposits: Wore than 95

percent of the 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. According to a survey of published
literature, the constant association of olivine snd chro-
mite is almost universal, with the possible exception of
the stratiform deposits. 4 few deposits show structural
localization within the dunite mass which is interpreted
a8 svidence of injection of the chromite into the dunite.
Much of the chromite of meny ore deposits is clearly
later than the olivine, either inceluding olivine grzins,
molding itself around them, or replacing thewm. This fea=-
ture is in accord with Bowents hypothesls for the forma-

52/

tion of spinel in igneous rocks=s’ This hypothesis

.;5‘?./ I‘Jn Ln BOW&H, O}). Citb, pPo 8‘?’?’281, 1928.

postulates that the first crystalline phase to appear is
either basic plagioclase or olivine (assuming a parent
basaltic megma) which settling to hotter portions of the
chamber reacts to produce spinel.

The presence of hydrous, secondary minerals such as
talc, kaemmererite, 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 tc mean that temperatures of the masses
when intruded are no greater, and apparently have less
effect than those accompanying the intrusion of, for
example, a thick basalt sill.

In the geiad quadrangle portions of the peridotite
mass are intruded as rather flat lying sills along planes
of schistosity or aslong gneissic structures in an older
diorite. ithere 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 liguid or melt. Similar structures
mey 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 accu-~
mulations of crystals.

The various relations outlined are most easily
interpreted by assunming the existence of a parent

peridotite magma which contains olivine~rich portions;
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the field occurrences seem to indicate that chromium from
the parent peridotite magna is concentrated in the olivine-
rich fraction,

The ensuing section is devoted to a consideration
of the lavoratory data bearing on the existence angd be-
haviour of an olivine-rich fraction of a peridotite magnas

Sxperimental data on olivineerich liquids: Experis

mental data indicates that anhydrous melts containing
olivine; a little pyroxene, end traces of oxides, must
heve completely crystallized above a minimum temperature

53
of 12300 to 1300 degrees centiqrade**/e necent work by

53/ Ne L. Bowen and J+ F« Schairer, Amer. Jour. sci.,
vols 29, (5), PDs 151*217, 19354

£4
Goranson~"/ hzs indicated that small amounts of water

54/ Re Je GOranson, Amer. Jour. 5Cle, vols 35-4, Dpe 71~
— 91, 1938.

{less than 5 percent by weight) can cause a decrease in

the freezing point of albite by as much as 200 degrees,

with a considerable increase in »ressure in the system.

In an olivine liquid this amount of water in the system

would result in ~robably less than 20 percent serpentine.
gonsiderations of relations in the quaternary systen,

F60~HgO*A1203~8102, are limited to inferences drawn from

58/
the anslogous system involving CaQ instead of ugo— ,

55/ J. F. Schairer, Jour. smer. Cer. Society, vol. 25,
- PP 841*2?4, 1842,




and estimates made from the ternary systems comprising the

faces of the tetrahedron of the gquaternary system. Compare

R . 56
ing the mgo~A120 -~-S:i.0€> and the Cao~alr05~3102 systams*~/ s
& &

3

§§/ Re B. Sosman and Olaf Aindersen, Composition=Temperature
Phase Bquilibrium Diagrams of the Refrac-
tory Oxides, Research Lab, Us S. Steel Corpe.,
Oet., 1933.

it may be observed that g0 does not form the numerous
s0lid solution series and intermediate compounds exhibited
by Ca0; thus the spinellid field which is so large on the
FeO—A1205~8102 side of the tetrahedron, might be expected
to extend over a large portion of the tetrahedron and fall
very close to the FeO—mg0~siog face. (See figure 18). In
nature this festure is substantiated by the occurrence of
spinel group minerals in peridotites when the bulk compo-
sition of the paridotite cannot exceed at most 2 percent
of Algos.
Inferences of the crystallization relations within
the guaternary system, FeO-MgO'@1865~8i02, indicate that
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 fractionatilciu. 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 peoint other phases may oecur,
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but seldom is equilibrium sttained in nature. (Consequent-
1y, fractionation of the crystallizing liquld will leed in
one portion of the magma to concentrations of pyroxene in

the residual 1liquid in excess of the original 25 percent,

and in other portions to concentraticns rich in spinel.

57
Greig*"/ has shown that mixztures having s ferrous-ferric

§2/ Je We Grelg, Amer. Jours Sci., vole 14, pp. 475484,
19287,

iron ratio of sbout 1:;1 are immiscible with siliecate
ligquids over a range of compositicns extending from over
90 percent of silica to less than 30 percent of silica.
Although small amounts of slumine destroy this immiscie
bility, where the Terrous~ferric iron ratio is about 1l:1

a minimun of at least € percent of &100” is required.
f )

3
Anhydrous melts indicate limiting temperatures of aboutb

16500 below which immiscibility does not occur. However,
the temperature-~boundary curve declines as the concentra=-
tion of ¥e ow increases over the range of campositions
investigatidf In this system, FeO«FegOS-AlZOS—SiOE,
compositions over 30 percent of Fegos were not studied
because of experimental restrictions.

It seems probable that concentrations of Crgﬁz in
the amounts found in chromite might slso result in im-
miscibility in liguids rich in the spinel. Thus, with

fractionation, parts of the liquid rich in spinel would

begin to break into two liquids one capsble of precipi-
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tating large amounts of chromite with minor amounts of
olivine, znd the other serforming the reverse function.
dhould fractionatlon »roceed toward & pyroxene-righ
liquid, no immiscibility would occuwr since the concen=
trations of Crgoﬁ would always be small in these liquidsa
In the foregoing statements fractionation is govern~
ed by a number of factors, among them, temperature, prese
sure, movement of liquid, settling of ecrystals, rate of
cooling, ete. By variastion in the above factors; the course
of fractionstion is determined. Thus we see that by frace
tionation psrts of the mass will preCipitate chromite
far in excess of the bulk composition of the rock, and
parts of the liquid adjacent and associzted with this
chromite~rich part will precipitate olivine in excess of
the bulk composition of the roeks 1In other varts of the
nagme which are relatively chromium poor, pyroxzene will
be present in about normal bulk composition associated
with olivine in slightly lesser maounts than its normal
bulk composition.

Hypothesls for the origin of chromite deposits:

A8 the olivine~rich, chromium~rich liquid crystallizes
under perfect equilibrium conditions, it is subject to
many variables which mey promote a pseudo-stratification
of the various components. The layers might be clivine
with & little chromite at the bottom, followed by &

chromite~rich portion of variable thickness; olivine
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with a little chromite might comprise the overlying larger
part of the mass, and, if present, a smaell amount of pye
roxene might form an uppermost layer. The stratiform
deposits approach rather closely these ideal conditions,
although they form from a magma of quite different compo=~
sition. It is to be emphasized that this type of crystale
lization would oecur only if equillibrium is maintained
until the mass 1s nearly solid, and if the forces acting
on the magma are restricted to gravity and the sction of
slowly declining temperature and pressure.

Obviously, the position of the larger mssses of
ultramalfic rocks within the cores and in the structurslly
active portions of mountein messes preclude the possibile
ity that such ideal conditions will be maintained for any
period of time. This paper attempts to evaluate the
conditions continucusly operating in the magmatie chamber,
and in the light of some of the deposits described relate
them to certain time intervals in a continuous magmatie
cyele.

The components of the magma vefore erystallization
begins may be inferred from the erystalline mess to be
approximately 40 percent Mg0O, 15 to 20 percent Fe0, and

40 percent siogg_less then 2 percent Crs0, s and smaller

3
amounts of a1205, ¥Mno, Ti@g, and ¢a0, are also probably
present. The amounts of the latter elements are so small

that they rarely, if ever, form minerals, but are simply
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carried in solid solution in the mejor minerals, olivine,
enstatite, and chromite. Water is certainly present, but
in indeterminate asmount.

58/
Harker™  has pointed out that for crystallization

§§/ As Harker, Nat. History of Igneous Hocks, Dpp. 209*
227, 1909.

to begin in a liquid magma, some degree of supersaturation
with respect to one of the constituents must take place.
However, the degree of supersaturstion determines the
number of centers of erystallization which may form, and

59
as Harker*~/ points out, since olivine stands high on

59/ A. Harker, ops oite, p. 218, 1909,

the list of minerals in power of spontaneous erystallie
zation, probably little supersaturation would occur;
thus few centers of crystallization would form in a mass
which was precipitating dominately olivine and continued
crystallization might possibly give rise to larger liquid
residua in a magma chamber than would occur with, for
exemple, plagiocclase. (See figures 19-24).

Pigures 19 through 24 represent an attempt to illus-
trate the distribution of e¢rystals and liquid in suecessive

stages of erystallization in a dunite magmae. Tach [igure

represents an hypothetical segtion through a small portion

of a magma chamber. The sections represent epproximately
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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 diasgrammatic.

The first crystalline phase %0 appear is olivine of
high magnesia content; the crystals may be so mearly the
same gravity as the masma that they wrobably remain
suspended in the cooler portions of the magma or move but
short distances from the aree where they originally sep-
arateds If the magme were ranidly chilled at this point,
by any means whatsoever, the resultant mass would be a
peridotitic body with accessory chromite and pyroxene
digtributed reletively uniformly throughout the mass.
Large areas in the Kerby guadrangle and in Curry County,
southwestern Oregzon, appear to have crystallized under
these conditions.

If equilibrium conditlons are maintained for a long~
er period, more olivine will continue to crystallize and
the residuel solutions will become slightly more enriched
in chromite. (See figure 20). If chilling takes place
during this interval, part of the mass will be slightly
enriched. In local areas, if fractional crystallization
has proceeded far enough, chromite might become immiscible
in the silicate nortion and small pods and concentrations
of higher grade material might form. This type of deposit
is common in the intrusives of the Coast Ranges of (Calif-

ornia. The deposits of the Twin gisters range east of
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Bellinghen, wWeshington, may also belong in this type.
Jhen an additional but indeterminate amount of the
mass has crystallized as olivine, separation of chromite
may begin; chromite and olivine probably crystallize
simultaneously throughout most of the remasinder of the
cyele, at first, at lesst, in euhedral to subhedral
formg; in those areas where local concentrations of oxides
may build up high enough to give liquid immiscibility
under the proper temperature snd pressure conditions,
crystallization of olivine might be inhibited. then the
magma reaches approximetely one~guarter solids tempera=-
ture differentials may begin to be appreclable throughe

60/

out the mass; meassurcments—" of the thermal conductive

ég/ e Birc}fi, e Se Ae Speeiﬂl PaPer 56’, PPe 2'{’;3*266, 1942,

ity of a few rocks and minerals and a limited number of
corresponding liquids indicate that the flow of heat iIn s
crystalline mass exceeds the flow of heat through a liquid
of similar composition. Thus, free or uniform exchange
of heat nay be inhibited by the coexistonce of crystalline
and liquid vortions in the magmatic chamber. (sSee figure
21). Loeally, small reaction systems, more or less insu-
lated from one anobther, may arise and reaction or resorp=-
ticn of earlier formed orystals and liquid may oeccur,
because the crystals are no longer in equilibrium with the

liquid. If ehilling should occur in this interval, nods
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and segregations of chromite would result in the areas
where the residuasl liguids were concentrated. The ore
bodies would not necessarily be composed of nassive
chroanite, unless considerable imuiscibility or marked
fractionation had occurred, but might be disseminated,
perhaps streaked or schlieren banded, should movement
acecompany ohe chilling., chromite grains from the same
zone could be euhedral, subhedral, and anhedral, depend-
ing on the time at which they crystallized and might show
numerous anomalous relations with the accompanying olivine.
several deposits might be grouped in this clessification;
many of the sackform bodies near San Luls Oblsno, Califor-
nla, such as the ore bodies of the Noreross, Castro,
Trinidad, snd New London deposits. The Chambers Mine
neay John Day, Grant County, Oregon, possibly also
belongs in this group; ore from parts of the iicguifey
¢reek deposits, near Seott Bar, Celifornia, shows folding
and flow bending which may have formed during this stage.
As crystallization procéeds to the point where more
than 50 percent of the mass is crystalline, heterogeneity
may be far advanced., (See figure 22). Some parts of the
mass possibly consist of olivine crystals with 1ittle or
no residual liguid; other narts may consist of olivine
crystals with chromite more or less aparsely distributed
through the olivine, and occasional areas where residual

liquids little concentrated in chromite might remain;
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FIGURES 19-24 DIAGRAMMATIC SKETCHES ILLUSTRATING THE SEQUENCE OF GCRYSTALLIZATION
IN AN OLIVINE-RICH LIQUID CONTAINING CHROMIUM

l:] OLIVINE - RICH LIQUID

OLIVINE CRYSTALS.(IN FIGURES 21-24 INCLUDES ACCESSORY CHROMITE) - CHROMITE - RICH MASSES g“ FAULT OR FRACTURE ZONES



Pe 82

finally, some areas might contasin large portions of the
remaining liquids, which, had fractionation proceeded
far enough, or conditions favoreble for immiscibility
been in existence long enough, might force the composi-
tion of the solution far over into the spinel field

(see figure 18); in this case the liquid would be capable
of preciplitating only chromite end resorbing olivine,

or perhaps might pregipitate dominately chromite with
olivine seperating with the latest formed materiel in
only negligivle smounts. Should chilling cccur in this
interval, in chranium~rich residual portions massive
pods might formj if the pods formed from residusl solu~-
tions in which little or no liquid immiseibility had occur-
ed and the concentrations, pressure, and temperature

were favorable, they would guite likely be bordered by
gvenly scattered chromite; however, if considerable
immiscibility had occurred with the resulting differences
in concentration, pressure, and temperature, the masses
might be sharp walled and the surrounding dunite contain
little or no evenly scattered chromite. The remainder
of the mass would appear much the sume as before except
for additional concentrations of chromite in local areas
with resultant sggarcity elsewhere. It seems possible
that some of the ore bodlies of the Piliken iiine, near
Auburn, california, as well as maeny of the chranite

deposits of the entire Foothill belt of the Sierra levads,
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may belong in this groups The pick and shovel liine,
in the gan Luis Obispo region, Califoraia, may also
contain ore bodies of this type.

ITf crystalllization nroceeds from relatively few
centers in the mugma chamber as illustrated in figures
19 through 24, until the mass exceeds more than 50 pere
cent of solids, external stresses other than those affectw
ing pressure and temperature, probably have little effect
on the conditions of deposition of the ehromite. However,
when the mess approaches 65 to 75 percent of crystallin-
ity, at least portions of the rock may be sufficiently
competent to fracture rather than to yield by flowage.
The fractures may be dliscontinuous because some of thenm
possibly st1ill have liquid intersections. (See figure
23)s 4fter fracturing is possible in the magmatie chambery
any stresses which induce fracturing msy also induce
movement in the residusl sclutions since the rigidity
of the nmags possibly forces the liquid aress to act
independently much like small intrusionsj thus, as these
movements take place psrts of the mass may have the
residual solutions injJeeted into the fractures perhaps
locally for considerable distances. Since much of the
fracturing may possibly be induced by externsl stiresses,
the injected zones night be roughly parallel to regional
features surrounding the intruded area; however, the

structural hetorogeneity of crystaslline and liquid areas



coupled with a lack of complete competence induced by
sueh heterogeneity, might yield large local variations
in the trend of fracture patterns.

Under the conditions postulated, meny of the injected
areas night show no feeder veinlets, and might have define
ite tops and votioms, since the supply of available
liguid is much restricted compared to the size of the
mass into which it is injected; obviously, the nresence
of large liguid residuals will inhibit the desvelopment
of fractured zones.

If chilling oecurs during this period, the mass
may exhibit areas of early crystallized dunite with little
or no chromite, loeal areas contalning small clots and
schlieren of chromite with .accessory amounts of dissem=~
inated ore, and more localized areas vhere a few larger
liquid residusls possibly were injected into fracture
zones and in some cases might have developed ore bodies.
The seiad Creek chromite deposit in the Flamsth Mountains
is thought to represent a deposit developed in this
manner} the Sourdcugh iine in Curry County, southwestern
Oregon, may also be of this type.

Ag additionel crystallizetion occurs, only the
larger liquid residuals will remsin, since they will
be the only parts of the mass retaining enough heat to
inhibit complete solidification. (See figure 24). .

Thus, the final stages of covling in the magnma might
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possibly yield a few lerge chambers (small in comparison
to the mass of the entire intrusive containing liquid
conslisting of more chromite than olivine and probably
considerable water., It is doubtful if liquid immisci~
bility could exist at the temperatures which might bve
present, since indications are that immiscibility
ceases, even in the presence of water, possibly above
10000 Cs Oor bubt slightly lower. ghould conditions force
the injection of this material Into the crystalline coole
er portions of the mesma, the deposites formed would
probably correspond to the fissureform type. Perhaps
the gweetwater iine, near sSen Luls Obispo, California,
might serve as an example of this type of deposit.
Qummarys: Hach ore deposit is regarded as forming
under the influence of several forces; some of the effects
of these forces are predictable, such as the effeet of
falling temperature, and the effect of the force of grave~
ity. oOther forces gre 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
equilibrium condition consisting of a layer of olivine
and small amounts of chromite in the vase of the magnma

chamber, overlain by a layer of chromite and topped by



a large mass of olivine with small amounts of chromite;
a thin layer of pyroxene may cap the mass if any is
present. (Chilled borders of olivine with accessory
pyroxene and chromite might occur loeally. This ideal
condition is seldom attained in nature except, perhaps,
in the stratiform deposits, and the degree of aberration
from equilibrium conditions determines the characteris=-
tics of the ore deposit formed.

The origin of the various chromite deposits may be
likened to quenching practice used to determine the con-
stituehts of a high temperature liquid or melt at various
stages during its cooling cycle. 4 small sample of a
melt is removed and quenched as rapidly as posgsible
to more or less preserve it in the form in which it
existed before being cooled. #Hach chromite deposit is
examined for evidence indieating at what stage in the
process of cooling or crystalligation of the ultramafic
mégma its development was arrested by similar rapid
cooling or quenching. By considering the formation of
the ore deposits as a continuous process, beginning
with ultramafic magma in a fully liquid stste, many of
the difficulties in understanding the formation of

various types of deposits are partially 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~
enitic, and the chrome deposits occur as irregular lenses in
the less pyroxenitic and more dunitic central portion. The
chromite appears to be 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
(Cr205). The known reserve In the explored deposits 1is about
80,000 tons of ore averaging between 20 and 35 percent of chro-
mic oxide. With sufficlently 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 soutl 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 Mountalns 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 Rallroad, where 1t was transferred
to the Union Pacific Railroad. The chromite deposits in ‘the
Greenhorn Mountains are served by mountaln roads from Whitney
and Sumpter, towns on the Sumpter Valley Raillroad. 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.l/ 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 shipments of ore
amounted to about 3,700 tons in 1917 and about 13,600 tons in

1918.2/M1n1ng ceased when the war ended, and little ore was

l/ Lindgren, Waldemar, The gold belt of the Blue Mountains of Oregon:
U. S. Geol. Survey 224 Ann.- Rept., pt. 2, p. 713, 1901.

2/ Westgate, L. G., Deposits of chromite in northeastern Oregon:
U. S. Geol. Survey Bull., 725, p. 60, 1921.
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shipped thereafter. The total production of Grant County to
3

1925 was estimated by Furness ‘/at about 20,000 tons. During

November and December 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
Lindgren,é/;ublished in 1901, includes the most comprehensive
account of the general geology of the Strawberry Range.
Westgate~§/exam1ned the chrome deposits in 1918, while mining
was most active, and hls report contains much information on
workings that are now caved and inaccessible. Allen,6 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 1 and December 10, 1939, with the assistance of
P. W. Guilld, 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 Inch. The larger chromite deposits were map-
ped on a scale of 40 feet to the inch, with tape and plane
table.

While the Geologlical Survey party was in the field, the
United States Bureau of Mines explored and sampled the Chambers,
Dry Camp, and Iron King deposits. Interpretation of the sub-

surface geology of these deposits is based largely on informa-

g/ Purness, J. W., Chromite in 1925: U, S, Bur, Mines, Mineral Re-
sources U, S., 1925, pt. 1, p. 141, 1928,

4/ Lindgren, Waldemar, op. cit., pp. 712-717,

5/ Westgate, L. G., op. cit.

6/ Allen, J, 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 iInformation 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 Paleozolc age or older. The Mesozoic
rocks, which consist mainly of sandstone, shale, chert, and
limestone, contain some pebbly beds whosé 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
Mesozolc 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 1s occupied by coalescing alluvial fans, which contain
placer gold in the viecinity of Canyon City. Some fairly ex-
tensive areas of alluvium and some glacial deposits lle 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 commonly stand out in rellef. The
best exposure of the complex is in the bold cliffs forming the
west face of Canyon Mountgin. The greenstones and schlsts are
readily distinguished from the ultramafic rocks by their schist-
ose character. The diloritic rocks may be recognized by theilr
abundant feldspar and also, in places, by the presence of peg-

matite dikes containing a large proportion of black hornblende.

Mesozolc sedimgntagx,rocks

Between Canyon Creek and Filelds Creek, the Strawberry Range
1s 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 obtalned from limestone
west of Flelds Creek were identified by Mr. G. A. Cooper, of the
U. S. National Museum, as certainly Triassic, and probably Up-
per Triassic, in age.Z/ R. L. Lupher E/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 crystalline rocks of the basement com-
plex, the Mesozolc 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

7/ Written communication from J. B, Reeside, Jr., Feb. 7, 1940.
8/ Personal communication, September 1939,

243328 0—40——2



80 STRATEGIC MINERALS INVESTIGATIONS, 1940

"ultremafic" was coined not many years ago as & substitute for
"ultrabasic," 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 1s only moderately advanced the resulting rock is
often rather loosely called serpentine. In conformity with
this popular usage, the ultramafic rocks are collectively dese
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 slmost wholly of olivine, with not more than
5 percent of pyroxene; (2) olivinite, containing 5 to 50 per-
cent of pyroxene; (3) peridotite, 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 olivinite that are not
extremely altered are broadly distinguished from each other and
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, 1t is so difficult to dis-
tinguish peridotite from pyroxenite that these two rocks are
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 1s a dense uniform rock in which no minerals
stand out. Weathered surfaces are smooth and reddish brown to
buff, and 1t is from this characteristic that the miners' term
"buckskin" originated. Platy jointing is very common in the
dunite. As & result of this jointing and of low resistance to
weathering, areas underlain by dunite are mostly covered with
a mantle of loose chips, and bedrock 1s rarely exposed.

Olivinite and peridotite are red or brown to buff on weath-
ered surfaces, are characterized by pyroxene grains that stand
out in relief from the olivine matrix, and are readily identi-
fled by their consplcuous cleavage. Outcrops of these rocks
are scarce on gentle timbered slopes but are almost continuously
exposed on the precipitous walls of some of the canyons.

The pyroxenite 1s very tough and resistant to weathering.
Weathered surfaces are light green to brown and are roughened
by projecting pyroxene crystals ranging from a quarter of an
inch to 1% 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, 1ts 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-appearlrig dunite 1s now at least
half serpentinigzed. In certeln places alteration has gone so
far that the original texture and composition are no longer
recognizable In the fleld, and the rock can be mapped only as

serpentine. That the serpentine i1s secondary 1s 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 conslderable 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 1llustrated by alternation
of layers of olivinite and pyroxenite, but it may involve &l-
most any combination of ultramafic rock types. The contacts
between layers are gradational, but the layers are more or less
distinct, especlally where contrasting rock types are involved.
In a glven exposure, the adjolning bands may range in width
from about an inch to several feet; layering on a major scale
gives rise to mappable bodles tens of feet wide and hundreds
of feet long. The second type of banding 1s 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. Thils 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 aress, such as the upper drainage basin of Dog
Creek, the dip and strike of banding varies only a few degrees

over a square 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 Clty belt and in the western or Murderers
Creek belt the chromite-bearing rocks have been converted al-
most entirely to green serpentine. 1In the northeastern part
of Grant County the chromite-bearing rocks are sheared green
serpentine and talc-dolomlte 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 1intrusive
contact with the basement complex 1s exposed in many places,
and the transition zone between dunite and peridotite 1s 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 Tertlary 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 fosslliferous limestone west of Flelds Creek lies in
chert and argillite about 125 feet from the serpentine contact
and is older than the serpentine. Lupher g/states that the
serpentine in the Silvies River district south of Seneca 1is in-
truded into fossiliferous Upper Triassic limestone and is un-
conformably overlaln by fossiliferous Lower Jurassic limestone.
The serpentine and ultramafic rocks of the Strawberry Range are

accordingly regarded as of Triassic age or younger.

Gabbrolc banded rocks and pegmatites

Some chromite bodies, notably those at the Chambers mine,
are cut by dikes of coarse pegmatite and medium to fine-grained
gabbro. The known width of the dikes 1s 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 1s calclic 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 ultramaflc
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 1s 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 agencles that serpen-

9/ 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 1s 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 1s well-exposed and lles
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 Mountaln, and in the vicinity of Fields Creek.

East of Canyon Creek and south of the John Day River, the
volcanics are buried under broad alluvlial fans bullt out from
the north base of the mountains. The largest fans were built
by the creeks that draln 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 is the latest deposit of the region. Down cutting by the
John Day River and its tributarles left the old placer deposits

perched 200 feet or more above the present stream beds.
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Structure

The Strawberry Range 1s 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 1s an east-
erly extenslon of the Ochoco Mountain uplift, although it 1is
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 1s mark-
edly asymmetrical, the north 1limb dipping 30° to 45° and the
south 1limb probably 5° to 10°. The transition zone between
the symmetrical and asymmetrical parts of the anticline liles
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 most thoroughly in the belt east of Canyon
Creek, which is bounded on the south by the basement complex
and on the north mainly by Mesozolc sediments. These contacts
are everywhere nearly vertical. Their detalls 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 1t contains many inclusions of these rocks near the

main contacts. In the valley of Canyon Creek the belt of ultra-



CHROMITE DEPOSITS OF GRANT COUNTY, OREGON 87

mafic intrusives abruptly broadens and cuts off the basement
complex, and at its western end it frays out into a series of
lenses 1n the Mesozoic sedimentary rocks. The serpentine north-
east of Mount Vernon was intruded into Mesozolc 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 Mesozoilc
sedimentary rocks. It 1s overlapped on the west side by Ter-
tlary lavas. The east limit of the belt 1s indefinite, and
small serpentine lenses are known to occur in the area to the

east where the Tertiary cover has been removed.
ORE BODIES

Workable chromlte deposits occur as rather well defined
irregular lenticular bodies secattered 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 relastively few of them contain more than 100

tons.
Mineralogy

The essential constituent of chrome deposits is the mineral
chromite, which 1s 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 (CrgOz) and 32 percent of ferrous oxide (FeO). In
most chromite alumina (Al50z) and ferric oxide (Feg0z) replace
part of the chromic oxlde and magnesia (MgO) replaces part of

the ferrous 1iron, so that the actual chrome content is far less
243328 0—40——3
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than the theoretlical 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.
/R. C. Wells, analyst/

Type of ore Goncentrate In| Anelysis of concentrate
Deposit sample total sample Cra03 Fe cr/Fe
(percent) (percent) | (percent)
Dry Camp.. Massive... 82.8 51.6 12.7 2.77
Iron King.| Spotted... 60.6 42.0 13.9 2.06
Chambers.. Massive... 81.8 37.8 11.9 2.16
Ajax.....s Nodular... 46.8 37.6 14.1 1.83
Bald Eaglel ....d0.... 50.1 34.3 12.6 1.86
Delore 1/ | Massive... 19.2 43.2 21.1 1.40
Do.2/ .. <...do.... 78.1 41.1 21.0 1.33

l/ Moderately magnetic fraction. 2/ Weakly magnetic fraction.

Complete anaslyses have been made of only two specimens.

Complete analyses of chromite concentrates
from Grant County, Oreg.
/R. C. Wells, sanalyst

T 2 T 2
S10g.ceeiannns 1.9 2.8 Ti00eeeeeennas 0.3 0.2
Alo0zeseevssed 27.0 | 13.3 Cro0zeseessessl 37.8 | 51.6
Feg03esceoenss .8 | None 13T PP J  Trace .3
FEOueenanann. J 14.6 | 16.4 HoOvesrnnonnns .3 1.3
MgO.evveeenees 15.2 | 13.4 97.9 | 99.4
Calevevnnnnnns 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 1s 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 Cemp deposit and
of massive ore from the Chambers deposit might give similar
assays. Therefore assays of channel samples can give only
partial information as to the real value of a deposit. Com-
plete sampling 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
thelr 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 readlly, and in fine grinding the loss caused
by sliming is apprecliable. The chromite grains in most of the
deposits iIn Grant County are more than 1 mm. in diameter, and
fine grinding 1s 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 1s 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 bleck 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 ellipseidal globules from a quarter to an inch in diam-
eter; this type of chromite, 1llustrated in figure 12, consti-

tutes the so-called nodular ore. The chromlte specimens shown
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in figures 12 and 13 were so treated and photographed as to ob-
taln maximum contrast between serpentine and chromite. Where
the serpentine was dark and failed to glve 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 1s 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. 1In the Ajax deposit the chromite aggregates are

arranged like beads on strings, and some appear as flattened

Sinches

Mutually perpendicular photographic pro jections of a speci-

pentinized dunite.
men from Ajax mine.

Pigure 13.,--Superimposed linear and planer banding in nodular chromite ore in ser-

torpedo-shaped masses; 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, 1s 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 rocke.

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 1s wherever the two types of bands have
been seen together.

Although zones of higher-grade ore can be mined selectively
in deposits that 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
masses of gangue occur in the ore, and cone-shaped masses of

spotted ore extend out into the walls of 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 1s 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." 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 1s 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).

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.

Surface debris

75°

Dunite

o]
L

20 Feet
J

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 contact 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 greast 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 bodies large enough to be of
commercial interest 1s clearly of early magmatic origin. Mas-
sive chromite 1n 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 1like 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 1s very insoluble and re-
sistent 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 1s 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, 1t 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 subcommercial in
grade, and the minsble 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 mllling
tests. However, the known deposits do constitute important re-
serves that would be usable iIn times of national emergency,
when economic restrictions of grade and price would be relaxed.

From the figures quoted in Westgate's fleld 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 (Crg0z), 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 dilstrict, 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
deposits--Chambers, Iron King, and Dry Camp--by the Bureau of
Mines indicate between 80,000 and 130,000 tons of chrome ore



96 STRATEGIC MINERALS INVESTIGATIONS, 1940

averaging 25 percent of chromic oxlde 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 omltted either because they were
not visited or because the workings are inaccessible and no
additional information was obtained. The reader 1is referred to
Westgate l’Q'/smd Allen l:'L/for descriptions of the deposits in
the Greenhorn and Granite districts and of several mines in the
Canyon City district which were not visited by the writer or
which are now caved. Production figures for individual mines
are quoted from Westgate's fleld notes or records of the United

States Bureau of Mines.

Deposits in dunite and olivinite
12/

tude of about 6,500 feet on the northwest end of Bald Mountain,

Chambers mine (38) +«=--The Chambers mine is at an altl-

in 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 1s

dirt road. Mining operations began in June 1918, and total

Ag/ Westgate, L. G., Deposits of chromite in eastern Oregon: U. S.
Geol. Survey Bull, 725, pp.37-60, 1921,

11/ Allen, J. E., Chromite deposits in Oregon: Oregon Dept. Geology and
Min, Industries Bull, 9, pp. 53-69, 1938.

12/ Rumbers in parentheses are those used on the map (pl. 12) and in
the reports by Westgate and Allen.
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production was probably about 6,000 tons. The ore shipped av=-
eraged 30 to 33 percent of chromic oxide. 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 1s mainly coarse spotted chromite in dunite that
grades into massive chromite. 1In 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 serpentinized dun-
ite, and, as shown in the cross sections, the ore bodies are
almost surrounded by a shell of serpentinized dunite. The ore
grades abruptly into the dunite where the contacts are not
faulted, and the dunite grades outward into olivinite. Even
where the chromite 1s in frozen contact with olivinite the ma-
trix, betwsen the chromite grains, is dunite. Small veins or
dikes of green pyroxene from ont-eighth of an inch to 1% inches
wide are common. They are probably genetically related to the
larger gabbro and gabbro pegmatite dlkes that cut the chromite
in the glory hole. The pegmatite contains angular blocks of
spotted chromlte, and diamond drill hole No. 13 passed through
about 10 feet of gabbro that cuts good ore. The gabbro 1s
readlly 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 bodles 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 1s & lenticular mass dipping steeply southward and
plunging northeastward. Most of the central ore body, which
appears to be 1in 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 reported 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
northeast ore body may consist of two overlapping lenses, but
1t seems more probably to be one large lens that has been
faulted, for faulting at the edge of the ore 1s evident in
cores from drill holes Nos. 12 and 16. Between drill holes
Nos. 13 and 17 the ore either pinches out or 1s dropped along
a fault parallel to the one indicated on plate 14. The sgver-
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 1s at an altitude

of 5,400 feet, in the SW} sec. 18, T. 14 S., R. 32 E., on the
west slope of the northwest spur of Canyon Mountaln. The mine
1s served by a dirt road, 5% 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 ¢t the Iron King mine 1s fine-grained spotted chro-
mite in a matrix of serpentine derived from dunite. The ore 1s
banded and gradatss all the way from massive black ore con-
taining, aczording 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 1s still evident desplte serpentini-
zatlon and complex faulting. Mainly because of such complex
faulting, the distribution of the ore, as shown on plate 16,
is very irregular. The dunite mass in which the ore occurs 1s
surrounded by olivinite in which irregular bodles of peridotite
and pyroxenite occur. These pyroxenic masses are related to
the pyroxenic border facles 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. 8Small 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 1s bounded laterally by faults
and has been broken into several blocks that rise northward in
a serles of steps. The apparent dip of the banding in the in-
dividual fault blocks exposed in the quarry face 1s less than
15° NW. or SW., the dips in adjoining blocks being commonly in
opposite directions. The chromite 1s 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 dlamond drill hole No. 24. The south-
eastern edge of the ore body 1s faulted against sheared and
glickensided serpentine in the quarry face, and the northeast-
ern 1imit of the ore-bearing block 1s probably a fault that
brings serpentinized dunite against peridotite and pyroxenite.
Drill hole No. 29 reached the hanging wall of a breccla zone
contalining fragments of chromite ore at a depth of 63 feet, and
from this fact and the surface exposures it is inferred that
the fault 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 breccla, and the highest chromite exposure north-
west of the quarry lies close to the northwesterly projection
of the fault, on the footwell side. 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 1is 115 feet, and the total
exposed thickness ranges between 10 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 indiecates 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 clalm 1s about 750

feet northwest of the Iron King mine and 50 feet above the road.
Filgure 15 shows the slize and shape of the ore body. The ore 1s
spotted chromite with planar banding that dips parallel to band-
ing in the enclosing ollvinite. 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
serpentinized olivinite. Elsewhere the contacts are gradation-
al. Ore with a vertical thickness of 6 feet 1s exposed in the
north trench, and the 1limlits 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 SWZ sec. 8, T. 14 8., R. 33 E., a short distance
east of Little Indien Creek. The deposit is 7% miles by dirt

road from the John Day Highway.
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VIEW OF QUARRY AT IRON KING MINE.

Shows the footwall fault and the distribution of ore in the face. The drilling rigs are set up at drill holes 24 and 25.
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The ore in the Dry Camp 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, and the first ore was shipped
two months later. Shipments to July 31, 1918, are reported as

300 tons of ore contalning 40 to 42 percent of chromic oxide

\
N
SN
>
=3
———
-7z
%
///
-
N\
N
=3 J
==2 Open cut 3
K 2
7 Z

[o] 40 Feet
{ 1 1 | S |
AT
)
LI

Chromite, exposure shown
by heavier pattern

Figure 15.--Plan of Black Velvet chromite deposit showing attitude
of chrome body and contact reletions,

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 1s about 20 feet. The tenor of the
ore 1s between 15 and 30 percent of chromic oxide, which 1is
conslderably below that of past shipments taken from the rich
central part of the upper deposit.

Marks & Thompson mine (27).--The Marks & Thompson mine 1s

in the northern part of the SW% 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 spot-
ted chromite in which both 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 contacts the ore grades
abruptly into the olivinite country rock. Although three prom-
inent faults cut the ore body, the ore 1s comparatively massive
The entire surface extent of the chromite body 1s 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 1s much faulted and 1s
noteworthy mainly in that it shows that other chromlte deposits
of minable size may be present. The average tenor of the ore
i1s 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 2,000 feet a
1little west of north from the southeast corner of sec. 20, T.

14 8., R. 33 E. The mine is 17 miles from John Day by road, 4
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miles of which 1s 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 chromlc ox-
1de.l§/

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 1s sur-
rounded by & 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 1s exposed in the two
prospect plts northwest of the Ray mine.

Ajax mine (54).--The Ajax mine 1s in the SE} sec. 16, T. 14

8., 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 1n 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. 80° E. and pltches about 50° E. The ore on the dump

is reported to contain 35 to 41 percent of chromic oxide.

13/ Westgate, L. G., op. eit., p. 42,
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Bald Eagle deposit (53).--The Bald Eagle deposit 1s 1,000

feet northwest of the Chambers mine, at a 6,100-foot altitude,
in the NE3SW% 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 threee
sixteenths of an inch in thickness. The south end of the ore
body, although badly shattered, 1s clearly intrusive into an
inclusion of diorite that belongs
N to the basement complex. The
banding in the chromite is es-
sentlially perpendicular to the
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Figure 16.--Plan of Bald Eagle feet south of the East Fork of
chromite deposit.

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 17. The country rock is dunite,
largely altered to serpentine, which a short dlstance to the
west 1s 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.
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Figure 17,--Plan and section of 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

schlieren.
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The Ward mine is in the SE% 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 waes 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. Maassive black ore, spot-
ted ore, and nodular ore were present. The relations between
nodular ore, spotted ore, and barren dunite are shown in fig-
ure 12. The ore body was & 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 1s revealed by
dump specimens that contain brecciated chromite enclosed in
very coarse gralned pyroxene.

Kingsley mine (30).--The Kingsley mine is in the SEZSW}

sec. 9, T. 14 8., R. 32 E., in the headwaters of Dog Creek,
about 5,300 feet above sea level. The mine was operated from
November 1, 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 essentlially paral-
1el,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 prospect pit 50 feet southwest of the maln workings.
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Powers mine (21).--The Powers mine 1s 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 vertlcal range of 50 or 60 feet. The chro-
mite-bearing zone 1is irregular in thickness, its thickest part
being 8 feet wilde and its avergge about 3 feet. The chromite
occurs iIn a dunite band that is little wider than the chromite
body. The ore and dunite trend N. 50° W. and dip 60° or more
southward. 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 small amount of fresh
enstatite was found 1n 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 1s 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 1s 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 velnlike stringer of spotted and masslve

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 simllar. 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 S% sec. 11, T. 14 S., R: 32
E., reveal small chromite bodles enclosed in a lens of unshear-
ed dunite, which is nearly 2,000 feet long and 200 to 400 feet
wide. The dunite 1s ltself 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, &nd no minable ore
1s exposed. The outstanding feature of the deposits 1s a band
of spotted chromite between one-half inch and 3 inches thick,
which 1s exposed near the upper end of the dunite mass. This
chromite band 1s traceable continuously on a vertical rock face
for upwards of 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 epparently 1s a
schlierenlike body whose lateral extent 1s great in comparison
with its thickness.

Sheep Rock deposits (37, 40).--Three chromite deposits on

Sheep Rock, in prospects called the Hanenkrat, Morgan, and
Campbell, were described by Westgate,lé/but because of mining
since Westgate's visit, there 1s some difficulty in fitting his
descriptions to the present prospects. The Hanenkrat (40) pros-
pect has been renamed the Big Bertha No. 1l; 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,

14/ Westgate, L. G., op. cit., p. 43.
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1s spotted,and shows distinct vertical linear banding combined
with planar banding striking N. 60° E. The chromite 1is in
dunite, and although the planar bands feather out lengthwise,
the lateral contacts ars 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.

/

Chromite
indunite

Cf I? Feet

Figure 18,--Plan of Ray chromite prospscts between Overholt and Indian
Creeks showing attitude of banding. The country rock is olivinite,

Ray prospects (55, 56).--Several prospect plts have been

dug in small chromite lenses in the west fork of Overholt Creek
in the SE} sec. 10 and the NE} 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 massive 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 1s probably about 20 percent.

Reed (13) and Campbell mines (14).--The Reed and Campbell

properties are among the prospects in the NEZ 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 l-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

milés 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 1s reported to have been ship-
ped in 1918. The ore consists of lenses of dark spotted chro-
mite bounded by slickensided contacts agalnst 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 (7) dike. The main ore block is west of the
gabbro (?), which evidently cut squarely across the original
chromite lens.

Norway (20) and Smith & Geitsfield mines (18) and prospect

(60) .--The Norway and Smith & Geitsfield mines, in the NW% 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 & Geltsfield produced 48 tons of 35-percent chrome

ore in 1917, and the Norway mine produced 922 tons of ore con-

taining more than 40 percent of chromic oxide (CrgO3z) in 1918.

Four principal bedrock deposits were mined at the Norway, the

largest of which 1is shown in figure 19. The ore ranges from

massive 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

Figure 19,.--Plan of principal open-
ing on Norway claim. Cr, chromite.

Murderers

a fault zone. The dumps contain
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
oxlde. 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. B8, two shafts were sunk 25
feet apart along a shear zone in
pale-green serpentine. The zone
trends N. 75° E. and dips 60° 8.
Spotted chromite is found on the
dump as thin flaky pieces as
much as half an inch thick, and
it is inferred that the ore oc-
cured iIn thin irregular bands,
possibly as schlieren.

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 E} sec. 10, T.
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14 S., R. 28 E., sbout 1} miles west of Fields Creek. The work-
ings are caved and all the deposits are reported to be mined
out, except possibly the Stone & Hankins, which 1s 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 contalning 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 bodles were found in place.

Hankins (Spring and Chrome Ridge) mine (45).--The Hankins

mine, described by Allen as the Spring and Chrome Ridge mins,
is in the NE} sec. 12, T/ 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 1s somewhat
pyroxenic and probably derived from olivinite. No minable ore
was seen.

Delore prospects (47).--The Delore prospects are on a bare

serpentine ridge betwéen Deer Creek and the South Fork of Mur-
derers Creek, In the W% sec. 27 and the SE% sec. 28, T. 15 S.,
R. 28 E. Total shipments amounted to about 50 tons of ore,
said to average 54 percent of chromlc oxide. The commerclal
chromite occurs as small sheared lenses in the serpentine. 1In
the lowest cut, fine-grained brown chromite coatings on slick-
ensided surfaces in the serpeantine are unusually prominent.

The workings include seven open cuts on the northwest side 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 seen.
Here a lens of dense black chromite 3 feet long and 8 inches in
greatest thiclkness 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 1s 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 Creek. No chromite besides that forming thin coatings on
slickensided surfaces was seen in place, although a few small

pleces of slickensided black ore were found on the dumps.

O
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CHROMITE DEPOSITS IN THE SEIAD QUADRANGLE
SISKIYOU COUNTY, CALIFORNIA

By G. A. Rynearson and C. T. Smith

ABSTRACT

The chromite deposits described in thls report are in the
Klamath Mountains of northern California. The oldest rocks in
the area are mica, chlorite, and hornblende schists of pre-
Cambrian (?) age, which are overlain by a complex series of
me tamorphosed volcanic and sedimentary rocks of Paleozoic (%)
age. Into all these rocks quartz diorite, peridotite, and
granodlorite were successively intruded. Auriferous terrace
gravels, possibly of Pleistocene age, Recent gravels, and
alluvium partly fill some of the larger canyons.

The chromite deposits, which occur in peridotlite, range in
size from a few tons to more than 100,000 tons. The ore of
minable grade has an average chromite content of 35 percent.
Reserves in the district, as estimated from lmown outcrops,
are belleved to be approximately 125,000 tons. At current
prices of $20 to $25 a ton 1t 1s unlikely that any of the de-
posits can be profitably worked. Though the ma jor 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
Seiad Valley. The first 24 miles of the route from Selad
Valley to Hornbrook 1s a narrow, graded dirt road; the remain-
Ing 27 miles 18 paved and: oiled.

Basis of report.--The fleld 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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125°

CapeBlanco

42°

Klamdth Hornbrook

41°

Pt Gorda

40°

125°

Figure 4l.--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 ald of J. R. Bovyer in mapping the Selad 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 1n 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-
6st 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 1s 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-

Yy

in the area in 1931, examining some of the chromite properties

opment in 1917; and W. D. Johnston, Jr., spent several days

2
and collecting specimens which he later deacribed.—/ c. V.
3
Averill has briefly described several of the mines.

L/ Diller, J. S., Chromite in the Klamath Mountains, California and
Oregont U, 8. Geol. Survey Bull. 725, pp. 1-84, 1921,

2/ Jonnston, W. D., Jr., Nodular, orbicular, and banded chromite in
northern California: Econ. Geology, vol. 31, pp. 417-427, 1936.

§/ Averill, C. V., Mines and mineral resources of Siskiyou County:
California Jour, Mines and Geology, vol. 31, mo. 3, pp. 255-338, 1935.
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GEOLOGY

Me tamorphic rocks

0lder 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
treées and underbrush and contaln 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 1lie 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 graylsh green and
strongly follated. It contains much more feldspar than the
mica schist and 1s bellieved to have been derived from ande-
sitic volcanic rocks. The relations between the chlorlite and
mica schists were not determined.

The hormblende schists are commonly 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 vwhere 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 occupled by similar rocks north of the

Klamath River extends northward into Jackson County, Oregon.
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The original character of these rocks is best 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 marble 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
i1s 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 lkmown more defi-
nitely than these relations indicate. It 1s medium-grained
and medium gray, with a greenish cast in places. It consilsts
mainly of andesine, hornblende, and quartz and contains a
little biotite.

Gneissic structure resembling flow banding is commonly
present but is not conspicuous everywhere. Both the gneissic
gquartz diorite and the volcanic rock have been so intensely

me tamorphosed that in several places the contact between them
256559 0—40——2



286 STRATEGIC MINERALS INVESTIGATIONS, 1940

13 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 1s quartz diorite.

Peridotite and serpentine.--The largest body of peridotite

wholly within the region extends north-northwest from the mouth
of McGuffy Creek to Schutts Gulch, but many other bodies crop
out in the western part, and two small ones are exposed in the
northeastern part of the reglion. Some of the bodles are sill-
like, but most of them are dikes.

The peridotite 1s mainly the variety dunite, a rock consist-
ing essentially of olivine, but locally 1t grades into saxonite
by an increase in the percentage of enstatite. The peridotite
is for the most part relatively fresh, although 1t 1s 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, 1is yellowish green to greenish black on fresh
surfaces and weathers to brown or brick red. Accessory min-
erals, such as pyroxene and magnetlite, are relatively resistant
to weathering and stand out in relief on weathered surfaces.
The peridotite may usually be recognized in the field by its
reddish outcrops and soil and by the sparse vegetatlion that 1t
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
Juster.

The mineral composition of the perldotite varies only
8lightly. Olivine 1s the chlef 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, anthophylliite, chlorite,
magnetite, and serpentine minerals occur as products of meta-
morphism and hydrothermal alteration.

The peridotite bodles are intruded into all of the meta-
morphic rocks, including the quartz diorite, and granodiorite
and assoclated pegmatites are in turn intruded into them. Thelir
geologic age 1s tentatively classified as late Jurassic or
early Cretaceous, on the basis of observations made in other

Y

Granodiorite.--The granodiorite is a light-colored, medium-

parts of the Klamath Mountains.

grained plutonic rock, possibly equivalent to the "Siskiyou
granodiorite™ described by Maxson.5 It crops out east of Selad
Valley and between Walker and Grider Creeks. The principal
minerals are quartz, plagioclase, orthoclase, muscovite, and
blotite. Considerable variations in the percentages of the
different minerals result in facles that approach quartz mon-
zonite or quartz diorite in composition. Border facles com-
monly contaln large inclusions of the younger metamorphic rocks.
These inclusions have been partly assimllated, and some contain
much garnet.

Small pegmatitic bodles occur within the main mass. They
are composed of coarse-grained quartz and sodic plagloclase,
books of muscovite and blotite, 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.

g/ 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. 160, 1933. Maxson, J. H., Economic geology of portions of Del
Norte and S8iskiyou Counties, northwesternmost California: California Jour,
Mines and Geology, vol. 29, p. 131, 1933,

5/ Maxson, J. H., idem,
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Quaternary 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 re juvenation of the rivers, perhaps begin-
ning in Pleistocene time, 1s 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 Seiasd Valley.
Structure

The structure of the area 1s complex and far from being
completely understood, but some of its main features may be
stated. The most notable structural feature 1s the northerly
trend of the rocks.

The schists, for the most part, strike from N. 40° E. to
N. 25° W. and dlp 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.
Thelr 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 dlorite was intruded as an elongate body trend-
ing west of north. Gnelssic structure resembling flow-banding
is indicated by alinement of the mafic minerals. The well-
developed gneissic structure in the northern part of the area
1s believed to be due in part to later deformation. North of
Selad Creek the quartz dilorite has permeated the schist along
the contact, forming a wide band of injection gnelss.

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 dlorite to form alternating bands of
the two rocks through a zone 500 feet in width. Foliation 1is
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 Selad Creek in sec. 33, T. 47 N.,
R. 11 W., but the amount of displacement could not be measured.
Some mineralization is assocliated with this fault, and a num-
ber of gold prospects are located along it. Landslides 1n 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 origl-
nal olivine. 1In this respect they contrast with the deposits
in Del Norte County, which are in wholly serpentinized rock.6
The ore bodies, most of which are tabular, contain several dis-

tinctive types of ore. The most prominent ore bodies in the

Selad Creek asnd some smaller deposits are composed of massive

6/ Maxson, J. H.y op. cit., p. 149.



290 STRATEGIC MINERALS INVESTIGATIONS, 1940

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 maln 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 bodles, except in the Selad
Creek deposit, are at most only & few hundred feet. The chro-
mite zones are discontinuous individual lenses of ore only a
few feet or a few tens of feet 1In length. The chrome-rich
zones contain between 20 and 40 percent of chromite, analyses

of which average more than 50 percent of °r2°5'

Mineralogy

The only ore mineral found in the deposits is chromite,
whose formula is generally written as FeO.Crzos. 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 1s more accurately written as
(Fe,Mg)0.(Cr,Al,Fe)203. An analysis of chromite from the

district follows:
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1
Analysis of chromite from the Seiad Creek deposit
/Charles Milton, analyst/
A B A B

CrgOgeeeeseesscasd 57.92 |59.19 | N4O.evuseverens.d 0.06 | 0.06
AlgOzeveeenneannnd 5.84 | 5.97[ Mg0eeurrnnrnnnss {13.12 | 12.73
Foo0zeeeresecnned 6.40 | 6.54] 080uevveveeenennd .26

FOO.erurrenasansad 14.83 [15.160 S105eeceverennssd 1.29
MAO.sveaeeeneenead 425 | .25 Total.....q 99.97 | 99.90

1/ Johnston, W, D., Jr., op. cit., p. 425.
A. As analyzed.

B. After deducting 2.2 percent for (Ca,Mg)Si03, assumed to be present
as an impurity.

The chlef gangue minerals are olivine and serpentine, with
olivine ususlly predominant. Small amounts of carbonate
(magnesite?), kaemmererite, and uvarovite occasionally accom-
pany the serpentine. Separation and concentration of the ore
1s 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 metallurgical work
on ore from the Selad 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 graphlcally in figure 42. The most satisfactory results
were obtained by flotatlon of the chromite in an ore that
assayed 32.17 percent of Crzos; one cleaner furnished concen-
trates that assayed 56.35 percent of Crg0sz, with a recovery
of 89.7 percent.

7/ Averill, C. V., op. cit., p. 268.



292

Character of ore

STRATEGIC MINERALS INVESTIGATIONS, 1940

Four distinct types of ore--banded, massive, nodular, and

orbicular--are found in the deposits in the quadrangle.

The

types most important economically are the massive and banded

ores (pls. 41, A, B,and 42, B), both of which are represented

in the Selad Creek deposit.
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Figure 42.-<-Diagram showing results of metallurgical tests on Seiad Creek
ore in percentage of recovery and percentage of Cr203 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



GEOLOGICAL SURVEY BULLETIN 922J PLATE il

A. WELL-BANDED CHROMITE ORE SHOWING SMALL BLACK PATCHES OF UNWEATHERED
PERIDOTITE.

B. BANDED CHROMITE ORE CUT BY DIKE OF SAXONITE.

Saxonite is cut by later veinlets (black) of serpentine and carbonate. Cross fractures in the chromite are
also filled with serpentine and carbonate. The dark area in the lower part of the specimen is unweathered
peridotite.

CHROMITE ORE FROM THE JUMBO CLATM.



GEOLOGICAL SURVEY BULLETIN 922J PLATE 42

A. NODULAR CHROMITE FROM THE BLACK SPOT NO. 1 CLAIM.

L. RUDELY BANDED CHROMITE ORE FROM THE SEIAD CREEK DEPOSIT.



GEOLOGICAL SURVEY BULLETIN 922] PLATE 43

A. ORBICULAR CHROMITE ORE FROM THE OCTOPUS CLAIM.

Note successive shells of chromite and the abundance of inter-orbicular chromite.

B. ORBICULAR CHROMITE ORE FROM THE OCTOPUS CLAIM.
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inch wide but may attaln a width of 3 inches. 1In general they
appear to have sharp boundaries, and the chromite gralns are
seen on close inspection to crosscut the olivine grains salong
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 bodles 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, A) occurs in two prospects. The nod-
ules of chromite are embedded in a matrix of partly serpentin-
i1zed 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, A, B), occurs in one deposit. The center of
each orblcule conslists of a mass of chromite crystals, which 1is
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 1s abun-
dant (pl. 43, A) the orbicular rock is good ore; elsewhere 1t

averages only about 20 percent of chromite.

Origin

Chromite deposits have long been regarded as products of
magmatic segregation. The universal association of chromlte

with ultrabaslic rocks indicates a close genetic relationship.
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Recent workers 8 have questioned the magmatlic 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 Selad quadrangle are
interpreted to indicate that chromite has replaced the olivine
and pyroxene of the peridotite, for inclusions of olivine and
of serpentine probably derlved 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 1s believed to have ylelded aqueous, chromite-rich resid-
usl liquors, which were introduced by a fllter-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 veinlets of serpentine accompanied
by carbonate, kaesmmererite, and a 1little uvarovite. The dis-
tinction between the late magmatic and the hydrothermal serpen-
tinization is emphasized by a small dike of relatively fresh
saxonlte that crosscuts the serpentinized banded ore and 1s cut
in turn by hydrothermal veinlets of serpentine and carbonate
(pl. 41, B).

Structural control is belleved to have influenced the
emplacement of the banded ores. Differential stresses set up

in the partly consolidated magmatic mass could concelvably

8/ Sampson, Edward, May chromite crystallize late?: Econ. Geology,
vol. 24, pp. 632-641, 1929. Ross, C. 3., Is chromite always a magmatic
segregation product?: Econ. Geology, vol. 24, pp. 641-645, 1929. Fisher,
L. W.y Origin of chromite deposits: Econ. Geology, vol. 24, pp. 691-721,
1929, Sampson, Edward, Varieties of chromite deposits: Econ. Geology,
vol. 26, pp. 833-839, 1931, Eskola, P., On the chrome minerals of
Outokumpu; Finland Geol. Comm, Bull. 103, pp. 26-44, 1933,
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produce marginal zones of weakness into which, by a fillter-
pressing process, the chromite-rich liquid could migrate end
replace the olivine and pyroxene. Osborne 2 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 serpentinizatlion, but it 1s suggested by the folla-
tion of the peridotite and by evidence of protoclastic structure
and, possibly, of some recrystallization of the ollvine. Such
structure could result from differential flowage or fracture,

or both, in the partly consolidated magma. The relative impor-
tance of the two processes 1s uncertain, but flow was probably
dominant at first and fracture later. Evidence that stresses
continued after the emplacement of the chromite 1s given by
folding in the banded ore and by thin cross veins of serpentine
and carbonate (pl. 41, B) in the chromite.

The orbicular and nodular chromite 1s 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 1s probably due to the same stresses that affected
the banded ore.

The exact stage at which the chromite was crystallized has
lilttle economic lmportance. It 1s important, however, that the
chromite 1s a part of the enclosing dunite, so that its occur-
rence bears no relation to post-dunite fissures or to the pres-

ent topographic surface.

2/ Osborne, F. F., Certain magmatic titaniferous irom ores and their
origin: Econ. Geology, vol. 23, no. 7, pp. 750-752, 1928.
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Localization

The chromite ore bodles lile parallel to the foliation of
large peridotite bodies that trend about N. 20°-30° W. across
the area. The follation 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 1s 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 1s no apparent
relation between the slzes or distribution of the deposits and
thelr distances from contacts.

The four types of ore-<banded, massive, nodular, and
orbicular--grade into one another without apparent change in
the structure or mineralogy of the peridotite.

The largest ore bodies are roughly tabular masses rich in
chromite which occur in partly serpentinized peridotite. At
the Seiad Creek deposit individuel 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
peridotite 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 1s unevenly disseminated throughout the peridotite.
In places disseminated chromite increases in 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 1s scant. Its mode of occurrence 1is

similar to that of the banded ore.



CHROMITE DEPOSITS IN THE SEIAD QUADRANGLE, CALIF. 297

Size and grade of known ore bodies

In this report ore bodies that are exposed on the surface
and are intersected by an adlt, although blocked on two sides
only, are consldered as probable ore. In open cuts exposing
banded ore a depth of not more than 5 feet 13 assumed unless
added information about the extent in depth was obtained.

Assays and measurements of grade were unavallable for most
of the deposits. At the Selad 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 Crp0z. The amount of magnetlte was belleved not to exceed
5 percent in any of the samples, and it may be as low as 1 per-
cent 1n some. An analysis of chromite in the orbicular ore
showed an average Crp,0z content of 51 percent%g/ These analyses

come from widely separated deposits and are belleved to be rep-

resentative for the area.
Reserves

Surface mapping and gradb sampling at the Selad Creek,
McGuffy Creek, and Falirview deposits indicate about 45,000 tons
of 35-percent ore. Geologically reasonable assumptions of con-
tinulty along the strike between exposures indicate an addi-
tional 60,000 tons of 35-percent ore. Deeper exploration by
adlts or dlamong 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 S-percent ore is much larger.

10/ 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 rosad
from Seiad Valley. Selad Creek carries a good flow of water
the year round, and 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 traill make the adits and cuts accesslble from the
end of the road. 1In 1938 and 1939 the owners improved the road
and trails and opened up several new cuts.

The country rock 1s peridotite originally conslisting 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 follation. The peridotite is in contact
with chlorite schist along the east fork of Selad Creek and
with quartz diorite on the west slope of the west fork of Seiad
Creek. At the contact with the dliorite 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 follation
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 dlscontinuocusly for
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a distance of 3,000 feet. 1In 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
cohcentrate from these samples averaged 52.37 percent of Cry05-
The grade of some of the ore sampled could be substantially
raised by mechanical concentration or hand sorting. Kaemmererite,
antigorite, and talec 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 "high gradeM and barren rock. The wldths 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 fest 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 adlt
levels unless a shallower depth was indicated by other evidence;
and in some places 1t 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, 1n tons, of
the Selad 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....cccceeeeecscsscccssd 38,000 49,000
P0SsSible Or@cececccceccsssscccsossd 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
Corporation. 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

first World War.
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The chromite occurs in layers and in disseminated grains
along zones parallel to the follation of the peridotite country
rock. The largesat concentrations of chromite are exposed in
two open cuts near the common corner of Fairview claims Nos. 1,
2, 3, and 4. The larger cut, which 1s on top of the ridge,
exposes two zones of banded ore contalning 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 aip 40° SW. About 10 tons of 20-percent ore is
stacked on the dump. The other open cut also exposes two zones
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 snd 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 1,250 tons is probable ore and 550

tons i1s 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. 456
N., R. 10 W. Ore was shipped from three of these deposits dur-
ing the first World War. Since that time four of the 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 1t 1s not
known whether the new claims include all the old workings.

Where 1t is possible the new names also are given.



304 STRATEGIC MINERALS INVESTIGATIONS, 1940

Octopus claim (Mary Lou, Chromite).--The Octopus claim was

later relocated as the Mary Lou claim by Gus Kehrer, of Scott
Bar, and is now kmown as the Chromite claim of the Rustless
Mining Corporation. Workings consist of three open cuts and a
short adit that is thoroughly caved. Much faulting and slip-
ping are indicated in the peridotite. The chromite occurs in
layers striking N. 38° W. and dipping 50° SW., parallel to the
follation of the peridotite. On the western margin is a small
quantity of orbicular chromite, with the orbicules flattened in
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 1s indicated.

Red Butte claim (Veta Grande).--The Red Butte claim is now

kmown 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 peridotite. Individual bands range from a
fraction of an inch to an inch in width and occur in a zone
about 10 feet wide. Chromite 1is exposed in this cut along the
strike for 150 feet, and it may extend discontinuously to the
other cut. The average grade is 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 folliation of the peridotite,
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

18 exposed in a zone 50 feet wide, about 10 percent of which
would be minable. About 10 tons of 20~ to 30-percent ore is
stacked on the dump. About 139 tons of ore averaging 35 per-
cent of chromite is indicated.

Jumba clalm.--Workings on the Jumbo clalm consist of an
open cut with a 15-foot adit. The ore is of the banded type
and is contorted as in the Liberty claim. No ore has been
shipped, but about 25 or 30 tons containing 30 percent of chro-
mite 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 is banded and occurs in 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 claims.--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
in 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 chromite bodies.
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Dolbear mine

The Dolbear mine 1s 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 1s 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., 1s 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., 1s
an open cut 1n 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.

O
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THE BICSTRATIGRAPHY OF GLYCYMERIS VEATCHII IN CALIFORNIA

ABSTRACT

The stratigraphy and correlation of upper Cretaceous
rocks comprise one of the major problems of Pacific Coast
geology. It ils particularly significant as the search
for petroleum penetrates into progressively older rock
Tormations in Caiifornia. As a step toward clarification
of the problem this paper attempts to indicate the possible
evolution and variation in a single fogsil molluscan species
during upper Cretaceous and early Tertiary time.

The results of the present study are three~fold:;

(1) The evolution of Glycymeris veatchil has been traced.

(2) The number of ribs on a valve is found to vary inverse-
ly with the geologlec age of the specimen. (3) Two new
varieties, glycymeris veatchii reddingensis, and G. veatchil

anae, and cne new species, G. meganosensis, have been
recognised, and G. major is shown to be an invalid species.
A tentative correlation of the upper (retaceous
localities used in this paper is presented, and systematlc
description of the species and varleties described in-

cluded.
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THE BIOSTRATIGRAPHY OF GLYCYMBRIS VEATCHII IN CALIFORNIA

INTRODUCTION

The stratigraphy snd correlation of upper Cretaceous
rocks comprise one of the major problems of Pacific Coast
geology. Infermation bearing on this subjeet 1s rapidly
assuming added economle significance as the search for
petroleum penetrates into progressively older rock forma=-
tions in Celifornia. Although general relationships of
the various {retaceous strata are well-known, little has been
done with detailed subdivision into series; stages, and
zones, s0 essential to economic exploitation., As an aid
to a better understaending of the scquence and correlation
of the stratigraphic units that are grouped in the late
Cretaceous and early Tertiary, the present paper attempts to
indicate the possible evolution end varietion in & single
fossil mollusosn species during this portion of geologic
time.

This study is primarily peleontologle, one of its
purposes being to determine the time~stratigrephic positions
of the varieties and subspecies of Glycymeris veatchil

which have been listed, described, or figured since Gabb's
original work. ILarge coilections were examined from wide-
ly separated localities in california, representing the

few established horizons in the upper (retuceous section.
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The evolutionary trends of glyecymeris vestehii indicated

by this study werc traced with the use of additional collec~
tions, until nearly all well-exposed upper Cretaceous
sections that yield fossil specimens in the state had
been asgsigned positicns in the stratigraphic column (see
table 1),

gtratigraphic subdivision or correiutions established
on the basis of a single species should be modified by a
consideration of the trends within the faunas as a whole.
The evolution of any individual or group of related indi-
viduals, while paralleling the evolution of the entire
fauna, may be accelsrated or retarded with respect to the
rate at which the sssemblege as a whole evolves. For
this reason the tentative correlation chert (table 28)
combines the results of this paper and unpublished work
by Drs We Po PoOpenoe.

Ascknowledgmentse= I an indebted to Dr. Willis P.

Popenoe of the Jalifornia Institute of Technology for
suggestinz the problem, and for counsel and advice through=-
out the period of its investigation. In addition, Dr.
Popenoe has furnished a large portion of the stratigraphie
data and has generously made avallable much unpublished
material. Dr. Chester gtock eriticised the manuscript

and gave generously of his tlae during its preparation.

I am indebted to George P. Zebal for unpublished infor-
metion on the stratigraphy of the simi Hills.
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STATEMENT OF PROBLEM

Glycymeris veatchii is & very abundant pelecypod in

mogst of the fossilifercus upper Cretsceous de:osits of the
Pacific Coast. Similar forms, some described as variants,
others as new specles, ars found in the Martinez Paleccene
and in the Heganos of the LRocene. The provlem presented
by these molluscs may be stated as follows: Do the several

forms referred to Glycymeris veatehii in the Cretaceous

and Boeene comprise g genetic line? If evolutionary trends
exist, are the forms t0 be related to one restricted specles,
geveral varieites of a species or to several new species?
Finally, to what extent can evolutiounary trends and varia=-

tions be related to stratigraphy?



TABLE 1

Stratigraphic Sequenee of Upper (Cretaceous and Lower
Tertiary strate Based on the Evolution of G. veatchii.

Age District Formation _Member
B Mt. Diablo quadrangle Meganos Type locality
g Lower Lake, Calif. Hartinez Not designated
8iml valley, Calir, Martinez Marine member
jipnoonrermitg
1Los Banos, Calif, Garzes Type locality
Los Banos, Calif. "ouinbto B reefl beds Los Banos Creek
.l Santa Ana Mis. Willians Pleasants sandst.
f gimi Hills "Upper Chico" Not designated.
ganta Monlca Mtse. "Chigo~Martinezn Not designated,
; Tusean Springs, Calif. "Chicon Not designated.
o Penz ranch., galif, *Chico" Kot designated.
f‘:; Santa Ana Mts. Ladd Upper Holz shale
;s?‘« 8anta Ana Kts. Ladd Middle Holz shale
© Chico Creek, Calif. Type Chico Upper member
Chico Creek, celif. Type Chieco Lower member
- Redding, Calif. n"Lower Chico" Member VI
§ Redding, calif. nLower Chico” Upper hslf mbr, V

o

Redding, calif.
Redding » Call S

7

*Lower Chicon

"lower Chico"

i 4

Lower half mbr,. ¥V
Member IV

%

Base Of Upper Cretaceous on Pacific Coast
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METIHOD OF INVESTIGATION

The principles invelved in a solution of this problem
have been applied in several ginmiler investigations.
They are found for example, in the comprchensive study

1/

of the genus, gpirifer, by Penton~ , and likewise in

é/ Fenton, Cs L., Publs Wagner Free Iﬁst. Sei., vol. 2, 1931,

2/

the work by Rowe~’ on the echinold genus, Micraster. In

8/ Rowe, As We, Quart. Jour. Geol. Soe. London, vol, 55,
p. 494, 1899,

this conneetion reference should be made also to the detail~

8/

ed studies of Mesozoic oysters by Truemen~', and those on

§/ Trueman, A. E., Geol, Mag., vol. 59, pp. 256-268, 1922,

corals by carruthersé/a In each of thess investigations

4/ Carruthers, R« G+, Quart. Jour. Geol. Soc. London,
vol. 66, pp. 523-538, 1910.

two fundamental features were stressed. (1) Bvolutionary
changes which particular fossil forms undergo were used to
establish bilostratigraphic zones, fécilitating the corre=
lation of various lithologie units. (8) The systematic
elassification was ginplified by an elucidation of evolu-
tionary lines. Thus forms were determined to be closely

related thet hed previously been assigned to new species
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without good reason or because identification was based
on single or demaged specimens.

In the investigations cited above as well as in the
present study certain qualifications must be met before
the results obtained and the conclusions drawn cen be
regarded as Jusiifiable.

(1) The species of the gensra chosen for investiga-
tion must be represented by an sbundance of individuals
at all staeges throughout its geologic range. uost of the
structural differences observed on two given spsc¢imens
are smell and individual varietions are often misleading.
It is the average veriation shown by cumulative e¢hanges
oceurring in a large number of individuals whieh is found
most usefuls

{(2) The geologic position or stratigravhic occurrence
of individuasl samples must be established as accurately
as possible. Obviously the course in evolution of a chare
acter can be determined only when the relative stratigraphic
age or position of individusl stages in the modification
of this feature is known. Once the trend and rate of
evolution are determined, stratigraphie correlations can
ve established with even greater c¢srtainty.

{3) Only wellepreserved or carefully prepared speci-
mens should be useds Conclusions based on poorly preserved
or fragumental msterial are often not valid since the evo-

Jutionary changes may be masked or completely destroyed.
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(4) The methods enployed in meking measurements
or in recording descriptions should be applied ss uniforme
1y as possible. Constant vigilance must be exercised

to reduce or svoild humsn error. Thus, Rowagj took

5/ Rowe, A« We, ODe Sit., p. 494, 1899.

photomicrographs of specimens he was concerned with and
made his measurements from the photogranhs to obviate
mistakes.

(8} A standard basis for comperison of different
forms must be devised, either 'y direct nmeasurcnent or
through calculeticn., In nmeking comparisons it is impor=
tant to utilizo charaeters indepsendent of those which
mey vary among Individuals, as for example, those of
size and shape.,

In the presont study more then 2000 specinmens were
exarined, of which over 750 were measured. These pelesy=

rods wer: identifled ss Glycymeris veatehil, Q. veatchii,

var. major gtanton, G» major sStanton, and G. nejor, subspe.

meganosensis Clerk. Measurements were made of the thicke

ness, length, and height of the shell, as well as of the
widths of the ribs and of the rid-interspaces. In addition,
the number of ribs was counted, charseter and samount of
coneentrie sculpturing on each valve were observed, de-
gree of development of postedlor groove noted, snd the

position of the besks established where this was possible.
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Ratios of length to thickness, height to thickness, and
height to length were calculasted in order to reduce these
data to certein common denominators by which the comparie
sons might be more readily comprehended. In this way,
variations which are magnified by the size of the animal
come %o be seen in proper perspective, while evolutionary
trends are more ¢learly indicated. 4also, local variations
due to possible environmental influences rather than
evolution are thus more readily recognized. All specimens
less then 6 mm, in thickness were considered immature
and caleulated separately. This separation was made (1)
because it became evident early in the investigation that
a specimen with & thickness or convexity of shell of about
6 mm., marked a rather sharp break within the growth series;
all specimens of less thickness tended to have much higher
ratios of léngth to thickness and height to thickness
than did larger and more convex specimens; and (2) measure~
ments of valves which were less than 6 mm, in thickness
were subject to considerasble error, in some cases suffi-
clent to invalidate the results obtained from such measure-
ments.

The stratigraphic succession of the localities from
which individual specimens were measured was determined
by reducing individual shell ratios to average values for
& single locality. Loe¢alities representing the seame time

stages or narrow time-stratigraphic zones were combined
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by weighing the average ratios with the number of
specimens measured from each locality. vhere satisfactory
stratigraphie information is available this procedure is
‘simple, but in instances where the stratigraphy is little
known or unknown altogether, the relative age of the
locality 1s based on the apparent evolutionary stage of
the individual specimens. This, obviously, does not fure
nish the most accurate results, but appears to be tho

only method available to the investigator under the

circunstances.,
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EVOLUTIONARY TRENDS AND VARIANTS

The results of the present study are threefold;
(1) The evolution of gGlycymeris veatehil is found to

continue in an unbroken line, throughout the time~range
of the species from lower upper Cretaceous rocks in the
vieinity of Redding to Martinez rocks, near Lower Lake,
Californias (2) The number of ribe on a valve is found
to vary inversely with the geologie asge of the specimen.

(3) glyoymeris veatohii, species sengu stricto, has a much

nore restricted range than heretofore determined. Pape
ticular varients may be recognized at nearly every upper
gretaceous loeality, other than those correlated with
the type localitys, The variaents are listed as follows:

Gy veatehii reddingensis, G» veatchii anse, and G. veatehii

major. A description of sach of these and a detailed
aecount of G. veatehii s. 8. will be found in the syste-
matie catalopgue in the latter part of the paper.

Glyeymeris major stanton is apparently not a valid

species. However, the form may show sufficient distinet-
iveness from the type G. veatehil to warrant its recog-
nition as a separate variety. Accordingly, G. Eﬁlﬁﬁ
should be regarded as a synonym of G. veatchil.

Ge major subsp. meganosensis (Clark is thought to

exhibit features which digress markedly from the evolue~
tionary trends shown by G. veatchii and is therefore raise

ed to species rank and recognized as G. megenosensis (Clark).



P. 12

STRATIGRAPHY

The stratigraphlie sequence and correlation of the
various upper Cretaceous localities as based upon paleon=~
tological evidence are summarized in table 2. Possil
specimens were measured from 22 localities in the Redding
distriet, 24 localities in the ganta Ana Mounteins, 6
localities in the gimi Hills, 6 localities in the santa
Monica Mountains, 4 localities from the Chico Creek section,
8 localities in the Los Banos region, 2 localities in the
"Martinez" of the Simi Hills, 1 locality at Lower Lake,
California, and from 1 locality in the type Meganos

6/

formation as defined by (Clark and woodford=' . Unfortunate~

g/ ¢lark, B. L. and woodford, A. O., Univ. Calif, Publ.,
Bull. Dept. Geol. Sei., vol. 17, no. 2,
Pp. 63=142, 1927.

ly, the representation of Hocene forms is not as full as
it might be, However, direct comparison can be made by
referring to the averages obtained from the specimens
measured (see table 3).

Detailed information is available concerning the
stratigraphy of many of the regions which furnished matere
ial; these areas will be deseribed as fully as seems necesge
sary. The additional districts from whieh collections
have come are incompletely known in so far as published

information is availsble.
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TABLE 2

Pentative Correlation Chert showlng Relationships
of Late (retacescus and Zogene Deposits*,

| Age | southern Calif. West side kast side sacra~] Redding
ireat Valley mento Valley | District.
: Type leganos
-
é {8ini velley Lower Lake
"Martinezn "artinegt
Type Garzas
"guinto B"
reef beds
Upper zone, Santa
Ana Mts., Simi Hillls
Santa ljonica HNMis.
3
o Middle zone,
£ | santa ine Mts.
= Tuscan Springs
g Lower zone,
© | Santa Ana Mts. Penz ranch
o
e Type
= -
Member VI
Chico Member V
upper half
Menmbexr V
lower half
Member IV
ased on unpublished WOTK OF DIa Ws Pa POpenoce and others

and studies of Gglycymeris veatchii presented in this paper.
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Redding district.- The principal Cretacecus exposures

in the Redding district lie on the eastern border of the
Redding quadrangle, about 15 miles north and east of the
town of Redding, California. The exposures occur along
the valleys of little (ow (Creek, Swede (reek, (Oak Run,
Clover Creek, 0ld Cow Cfijk, and scuth Cow Creek. sccordw
7

ing to pr. ¥W. P« Popenoce™ these (retaceous rocks are

_7_/ Popenoce, We Pe, Bulle Amsr. Assocs Petrol. Geol.,
vol. 28, nos 11, p. 2095, Nov., 1941,
Bull. Amer. Assoc. Petrol. Geol.,
vole. 27, nos 3, ppe. 306~312, Mar., 1943.

divisible into six members, but since mapping in thisg ares
is incomplete, the relations of the various members are
not ceompletely known. The entire section is probably more
than 4000 feet in thickness and comprises some of the earlii-
est known upper (retaceous deposits in the state.

In the present investigation attention is directed

to the upper members sinee Glycymeris veatchii reddingensis

has not been found stratigraphically below member IV.

8/

According to Dr. Popence~’ the presence of G. veatchil

8/ rPopence, . Ps, Personal communication.

reddingensis at one locality near the hase of member IV

of the Redding series is the oldest occurrence of this
species known to him in the (retaceous of the Pacifie
goast. AS may be noted from the stratigraphic column

(table 1), member V is divided into an upper and a lower
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part. Wwhile there 1is no stratigraphic basis for this

division except an stundance of coarse conglomerate in
the lower half, the division is recognized because of a
recognizable modification in the evolutiocnary trends of

G+ veatehil reddingensis.

Member IV is a serles of dark-gray sendy shales and
shaly sandstones with 2 few thin cosrse sandstone bedse.
This member is over 1000 fest thick and is well-exposed
on Qak Run and Clover (reek. Abundant specimens of Gs

veatehil reddingensis weces found at most of the loczlities

in this member.

Member V is a c¢oarse, arkosic gray sandstone alter-
nating with finer-grained sandstone layers. Numerous
thick beds of course conglomerate are developed in the
lower half of the member. Member V is about 900 feet
thick and appears to¢ bé unconformable on member IV.
Member V is welle~exposed in the upper part of 0Oak Run,
the eentral and lower portions of Clover (reek and 014
gow COreek, and along most of South Cow Creek.

lMember VI consists of darke-gray sandy shales with
numerous thin-bedded sandstone layers. It is over 400
feet thick and rests conformably on member V. It is best
exposed In the upper reaches of (lover (reek.

ghico Creek section.- The section at Chico Creek,

Butte County, californiag/. consists of approximately

g/ Taff, J+ Ae, Hanna, G. Ds, and Cross, C. M., Bull. Geol.
goe. America, wol. 51, no. 9, pp. 1311~
1315, sept., 1940.
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28000 fcet of strata forming a monoeline in which the strata
dipr to the west away from the mountains. It is essentie
ally comprised of ssndstone, except for a heuvy conglome
erate at the base. On the basis of measurements of Q.

veatehil reddincensis, the locallties are grouped in

en upper and @& lower momber. lowever, this divigion does
not receive solid support from the paleontological ovie
dence, since only four specimens are recorded from the
upper zone. It is recognized here in order to indicate
possible evolutionary progress in G. veatchii during
deposition of this section.

ganta Ana Mountains (lower ané middle zonesg).~ The

ogcurrences of Ge veatchil in the Santa Ana Mountains are
grouped in three zZones. Similar gro.ping of these beds
is sugeested by the relationshins of other parts of the

10/

faung « 'The third zone overlies the lowsr two with

10/ Popence, s Ps, Bull, amers, Assoce. Petrol. Geol.,
vole 26, nos 2, ppe 168~187, Feb., 1943,

~r

disconformity and in this instance again, the time break
is suggested by the raunsa.

The lowermost ocourrence of G. veatchii in the Santa
Ana Mounteins is in the upper half of the Holz member of
the Ladd Formation. The Holz member consists of dark
bluish to brownish gray miceceous sandy shale or silte
stone with interbedded arkosic sandstones, c¢alcareous

coneretionary beds, and non-persistent coarse conglomerate
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lenses; its total thickness probably exceeds 1500 feet.
The Holz shale is & persistent and widespread member of
the ganta Ana Mountains section, outcropping virtually
continuously from gSanta Aha Canyon south to Trabuco Cane

ycn‘&/ .

.l_!../ POP@HO@, Ve ?i, _Q‘BQ Gito’ Pe 171‘ 1942,

The upper half of the Holz shale is highly fossili-
ferous. There is but slight lithologic evidence for separ-
ating the upper half of the Holz shale into two zones, but
the fauna shows & distinet break. The lower zone ranges
from midway in the section to approximestely 200 feet bLe-
low the top of the shele; the middie zone comprises the
upper 200 feet.

Peng ranche=~ The gection at Penz ranch on the e:st=

ern side of the Sacramento Valley, south of Chico (reek,
is not too well=exposed, but good collections can be ob=-
tained at many -oints where exposures occur. The rocks
are primerily sandstones and conglomerates, similar to
those expnosed on Chico (resk.

Tuscan Springs.- Tuscaen Springs is the type locality

for Glycymeris veatehil end is located on little Salt

creek about eight miles northeast of Red Bluff, california.
mhe rocks at Tuscan Springs =re a northward continuation
of those found in the section exposed on Chicc (Creek,

and for the most part are pebbly or silty sandstones and
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conglomeratess It is peculiarly Tfortunate that the type
and associated specimens Of Ge Vveatenli come from a sege
tion which appears to lle almost midway in the geologic
range of the gpecles.

12/

o d
ganta lonica mountaeins.~ Hoots~~ published a gon-

12/ noots, He #e, Us 3+ Geols Surv. Prof. Pap., 165-¢, 1930,

eral geological report on the Santa Moniea Mountains, and

his work on the (Cretaceous roeks has been exrsnded and re-
&

18
vised by He De Be wilson=", The upper (retuceous rocks

13/ wilscn, He D+ Be, Uinor thesis for the doctorate.
calif, Inst. of Tech., 1941,

comprise about 8000 feet of conglomerate, arkose and
sandstones The only fossiliferous horizon is a well-
bedded, fine-yrained sandstone, 300 feet in thickness and
approxinately 1000 feat below the top of the section,

14/

Wilsomr—" hsgs shown that all the fossil collections obe-

3._5:‘/ Wilson, He Ds Ba, Ops cite, 1941

tained in the upper Cretacecus of the Sanbta Monics Houne
tains come from this onme horizon. An interesting feature
of @. Veatehil found here 1s the lerge size attained by
the gpecimens; some exceed 70 mu. in heicht and length.

16
Simi Hills.- Pcpendﬁ”én his paper states: wjccorde

15/ popence, W. Pa, opl eit., p. 176, 1942,
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ing to ¥ew the (Cretececus sediments of the simi Hills
are divisible Iinto two members. The lowest member conw
sists of 8850 feet of calcareous sandstone at the base
and an equal thickness of gray shale aboves The upper
member, overlying the gray shale, consists of approxi-
mately 5500 feet of alternating thick beds of massive
brown sandstone and thin beds of shale. ILater unpublishe
ed work sugsesse that the lower member is much thicker
and more complex than Few suggests; but the details are
not yet available...«e4ll the Tossils so far recoversd
from this region are from the eslcareous gandstones of
the lower member.”

16/
Popenoe  further sugegests that the fossiliferous

16/ popenoe, We Po, Ops cits, p. 186, 1942,

horizon may be divided into an upper and a lower member,

but detailed mapping by G. P, Zebal  has shown that the

lZ/ Zebal, G« P+, Unpublished lesterts thesis, calif. Inst,
Of Tacht‘, lggn

several fossil loealities which furnish the collections
belong to the same bed. The evclutionary characters de~

veloped by Qlycymeris veatchil asmae substantiate Zebalt's

detailed mapping.

Santa ana Mountainsg (upper zone).- The upper zone
18
e—-—./

in the Santa Ana Mountains comprises what Popeno

A.E/ Popence, W. P., Ops cibts, p. 173~175, 1942,
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has called the wWilliams foprmetion. This formetion consists
of two members~-the Schulz conglomerate at the bese, and
the Pleasants sandstone aboves The Schulz conglomsrate

1s unfossiliferous, and consists of light-colored, coarse
arxosic sandstones with numerous beds of wellwprounded
boulders. The Pleasants sendstone is highly fossiliferous,
although the preservation is poor, snd consists of lighte
c¢olored shaly sandstones with many intercalated beds of
celcarevus fogsiliferous sendcetones The williams Tormae
tion is about 500 feet thick with approzimately 200 faet
comprising the Schulz conglomerate and the remainder re-
presenting tho PPleasants sandstone. The distribution

of the wWilliams formation in the Jenta Ana iountains

1s dlscontinuous, due principally to an overlapping by
Martinez beds and to compiex faulting,

g
"ouinto B" Reef Bed.” =~ The uppermost upper ({ree

19/ Bennison, alan, Unpublished thesis, Univ. Calif.

taceous in California is exposed for many miles along the
west side of the Gan Joaquin Valley, north of (oalings.

The rocks are sandstones and sany shales with some cone
glomerate outcropping in thick scetions on Los Banos Creek,
Garzag Cresk, Morxeno Guleh, and along other streams which
flow into the valley. i0st of the fossils come from high
in the seetion, chiefly from the upper 8500 feet, The

nquinto B reel bed is exposed on 1o0s Banos Cresk, west
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of Los Banog, California, and contains almost entire~

ly glyeymeris veatehil major. Shells of this variant

usually exceed 20 mm, in height and average between
40 and 45 mm. in height.

Type Garzas.~ The type Garzas furnishes the young-
est upper Cretasceous specimens available for measurement.
These come from two localities on garzas Creek, north-
west of Los Banos, California. The section is in all
regpects similar to those on Los Ranos Creek or in
Moreno Gulch.

"Martinez™ of the Simi Valley.~ The specimens from

the gimi Valley "Martinez" are few in number and hence
do not vield altogether satisfactory data which may be
considered of stratigravhic significance. The rocks
are sandstones and shales and have been described by

20
Kew**/. Preservation of the fossils is poor and an

20/ Kew, We 8¢ We, Us S. Geol. Surv. Bull., 691, pp. 323~
347, 1919,

analysis of their characters is difficult. 4ll the

fossils come from the Martinez marine member of the

21/

formation as deseribed by Nelso .

21/ Nelson, R« Ne., Univ. Ccalif. Publ., Bull. Dept. Geol.
Scit, vols 15’ no. ll’ PPoe 599"408, 19256,

Lower lake, California.- One specimen from the

Martinez near Lower Lake, California, was measured,
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The Martinez rocks in this region were described by

22
Dickerson"*/ as comprising from 3000 to 3500 feet of

§§/ Dickerson, R. Es, Univ. Calif. Publ., Bull. Dept. Geol.,
VOlt 8, o 6, ppd 89“99‘ 19140

sandstone, overlain by 300 to 500 feet of shale. The
prinecipal fogsilliferous horizon oscurs approximately
100 feet above the base of the formation., It is une
fortunate that only one specimen is available by which
to Judge the evolution of the type Glyeym:ris veatchii

in this area originally recognized under the variety

name ma;s'!cr;

Type Meganos.- Specimens were measured from one
loeglity in the type Megenos as defined by Clark and

8/

24
wWoodford=— « The rocks here consist of about 1000 feet

gé/ ¢lark, B. L. and Woodford, A« Oy Ops %%13_0, ppe 63-143,
192

L

of sandstone with a heavy bhesal conglomerate and narrow
shale layers near the top, Overlying the gandstones are
alternating sandstones and shales approximately 2000 feet
thickj the fossiliferous horizon oecurs in calcareous
lenges approximately 1500 feet below the top of the forme-

ation. Ten specimens were avallable for measurement.
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TENTATIVE CORRELATION OF UPPER CRETACEOUS LOCALITIES

The suggested sequence of the upper Cretaceous locali~
ties described in this paper 1s given in table 2. %This core
relation chart is based on the views expressed in this

paper regarding the evolution of Glyeymeris veatchii as

well as on much unpublished stratigraphic work by w.
Pe. Popenoe and others.

The rocks of the first three members of the Redding
district probably represent some of the oldest upper
Cretaceous formations on the Pacific Coast. It is possible
that the fossiliferous zones below Pepenoe'ﬂgﬁ/ Glycymeris

_2&/ Popence, ¥. P, 92& Qito, Pe 182, 1942.

veatehil zone in the Santa Anas Mountains correlate with
these beds.
Glycymeris veatchii reddingensis first appears in

menber IV of the Redding seetion., In specimens from this
area the number of ribs averages less than 32, the valves
are slightly longer than high, and they ere not particular-
ly inflated as compared with those of G. ¥eatechli species

gsengu stricto from Tusecan Springs. 4 curious anomaly

appears in forms found higher in the section. Although
throughout the entire renge of upper Cretaceous time the
average number of ribs increases as one proceeds toward

the top of the deposits, in shells found locally in the
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Red&ing section the number of Tribs decreases slightly
from bottom to top of the stratigraphic section, Ko
explanation is offered for this peculiarity, although it
may be noted that the decrease is slight and not uniform
throughout the gection, Since mapping is incomplete in
this region, additional work may revise the actual strati-
graphic posltion of some of the localities, and this may
be found to reverse the trend. There is also a tendency
for the valves to become more inflated in members IV

and V, but only slightly so. Nember VI is represented by
only nine specimens and this number does not adequately

determine the evolutionary potision of Glycymeris veatechil

reddincensis in this section.

4]
Popenoeg“/ has sugeested that member V of the Redding

85/ Popence, Ws Pe, Ops Cits, D« 312, 1943,

section mey be correlated with the base of the type Chico
on Chico Creek farther south. This correlation is substane

tiated by the position of G. veatchii reddingensis in

the evolutionary series at both localities. actually,

there is a suggestion that G. veatchil reddingensis from

member IV at Redding represents the same evolutionary
stage as that of forms in the lower parts of the type
Chico seection on Chico (reeks The four specimens assigne
ed to themupper Chico" on Chico (Creek seen to bé higher
than enything found in the Redding section.
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The lowermost zone containing G» veatohii anae in

the gsanta ina lountains appeers 10 be slightly younger
than any horiron examined on Chico Creek or at Redding.
Furthermore, bhoth the lower &nd middle zones in the
upper ¢Oretageous of the Santa Ana Mountains appear to be
slightly earlier in time than the occurrence at Penz
ranch and at the type locality of Tuscan Springs. However,
the specimens from the sSante Ana Mountains show a loeal,
apparently environmental, variation, which may mask some~
what the evolutionary features. In contrast to speci-
mens from the type loenlity, those from the Sente Ana
Mountains are considersbly longer than they are high and
show a marked reduction in convexity. These features
give the shells a decidedly different shape and furnish
the basis Tor the description of the new variety, anee.
This shape of shell sppearsg to be ccnfined to the Santa
Ana Mountains, but it is exhibited to a lesser degree
by specimens from the siml rills., The Tocene specimens also
suggest a trend in this direction, but sines the highest
Cretaceous forms that are found eppear to be typically
rounded and equilateral, this feature may be considered
the result of an environmental or facies factor, rather
than due to evolutionary change.

The specimens from Penz ranch appear to be only
slightly older geologlcally than those from the type

loecality at Tuscan springs, but since the differences
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are slight, they are regarded as of the same, or nearly
equivaelent, stage in time.

The fossiliferous horizon in the uppor Cretaceous
of the santa Moniea Mountains appears to be slightly older
than the upper =z ne of the Santa Ans Mountains, and fauna
from the $imi Hilla. However, the differences are so slight
as to suggest that all should be relegated to the same
time stages All are consldered slightly younger than the
faunas from Tusean Springs and Penz ranch. These conelu~-

sions are in accord with Popenoeég/ and ZebaIEZ/, except

26/ Popenoe, iis Pe, Ope Ciltis, D. 186, 1942.
_2_2/ Zebal, Ge Pey Ops gits, 1943,

that the forns from the Simi Hills appear to correlate
directly with those of the uppermoat zone of the ganta
Ana Mountains rather than with those of a slightly older

28
horizon as Popenod“”/ suggests. This probably indicates

28/ ropenoe, W. P., Op. cit., p. 186, 1942.

a local acceleration in the evolution of Glyeymeris veatohii

anae with respect to the rest of the fauna from that
locality.

The youngest Cretacecus forms of G. veatohii major
that were measured come from the "guinto B" reef bed
and from the type Garzas beds on the west side of the San

Joaquin Valley, west and north of Los Banos, California.
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In contrast to the earliest forms from member IV at
Redding, these specimens average mors tian 40 ribs and
are slightly less inflated, 7The difference may bve ascribe
ed by some to a varlation in size alone, but apecimens of
comparable size Lrom the two districts possessed 32 and
36 ribs respectively. At any one locality shells may
be found that can be assigned to either the top or bottom
of the evolutionary sequence on the basis of their chare
acters. Oreater assurance of the time allocation of
such materials is furnished when the structural charsce
teristics of the aversge of 20 or more speeciumens from a
single locality are analyzed.

An insufficient number of specimens avsilable
from the Rogene loealities permits only recognltion of
a continuation of evolutionary trends in post-Cretacecus

&

29
time., The gtructural feature which Stantonﬁ* listed

gg/ gtanton, Ts We, Ue Se Geol. Surv., 17th inn. Repe,
VOln 1, PDoe 1005"‘1060’ 1896‘

as an ald in identifying Q. veatchil major, namely, the
wider ribs than interspaces, is certainly vaelid and wellw
marked, but the character is little if any more defined

than on several of the (Cretaceous forns.
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CACLUSI N

In conclusion it may be stated that where the stratis
graphic succession has bsen completely establighed over
a considerable period of geologic time, evolutionary trends

in glyceymeris veatehil are indicated. These trends appear

to be valid for the entire range of oceurrences of G.
veatehii, at least on the face of the limited knowledge
available concerning the upper Cretaceous stratigraphy
of the pacific Coast. Indeed, the sugzestions of stratie
graphic position made in the present paper may ascist in
throwing needed light on obseure corrslations.

Detalled correlations on the basis of & single species
have not been attempted for reasons stated previously,
but it is noteworthy that previously suggested corrselas
tions, for whiech there is some evidence, appear to be

substantiated by this study.
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SYSTEMATIC DESCRIPTIONS

PHYLLUM MOLLUZSCA

CLASS PBLECYIPODA

Crder Prionodesmacea
Superfamily srcacea
Family Arcidae

Genus Glycymeris da Costa

Glycyueris Veatchii (Gabb) sensu stricto
(Plate I, figure 4, plate Il, fige 2)

1864 Axinaee veatohii nss., Cabb, Pal. Calif., vol.l,
pe 197, pl. 85, figs, 183, 183a.

1896 Psetunculus veatchil cabb, stanton, 1l7th innual
Repe, U, 3+ Geol. Surv., pt. I,
p. 1039, pl., 64, rig. 1.

1900 pectunculus veatehii cabdb, vhiteaves, Geols 3ur.
Canada, Mes. Foss., vols 1,
Ds 391, pls 47, figs. 3, 4.

1902 Pectunculus veatehil (abb, Anderson, Calif. Acad.
Seis Proc. (3}, vols 2, p. 35,
Noe lb

1917 Clyeymeris yeatchii (Gabb), waring, calif. Acad.
Sel. Proc. (4), vols 7, no. 4,
p. 61’ Fln 8’ figs‘ 2' ?’ 80

1930 glycymeris veatghii (cabb), gtewart, Acad. Nat.
gei. Phil., 8Spec. Pub., no, 3,
ps 70, text fig. 1, pls 1, fig. 7.

Deseription; The original description by Cabb (supra)

is as follows: "ghell thick, subglobose, equivalve and
nearly equilateral; beaks large, ineurved, central, approxi-
mate, with the sides sloping downwerds; anterior and basal
margins reguleriy rounded; posterior end rounded or sube
truncate., gurface marked by from thirty-six to forty
radizting ribs, very regular in sizs, a little the small~
est anteriorly and obsolete behind; a faint depression
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usually exists on the posterior side of the umbones,

which passes down and strikes the middle of the posterior
margine Internal margin coarsely crenulated., Hinge
robust; teeth arranged radlately; the lateral teeth largest
and most widely separateds, Area very narrow and shorb."

gtanton (supra) adds, "The radisting ribs are some=
times narrowsr than the interspaces and scmetimes broade
er. The length 6f the shell 1s & little less than the
height. A large specimen measures 49 mm. in length,
51 mm. in height, and the convexity of the single valve
is sbout 21 nm."

Stewart (supra) gives more detail on the hinge area

as follows: Mrevsresecwshowing ten prominent, widely=-
spaced taxodont teeth anterior and eight posteriors The
six central testh are smaller and closer together and ale-
most vertical, though the anterior three slope slightly
posteriorly and the posterior three slope anteriorlys

The coarse crenulations of the mergin gradually dis-
appear dorsally, and are entirely absent at the extremi-
ties of the hinge."

Measurements of 12 perfectly preserved specimens of

Glyeymeris veatehil from the type locality show that the

valves arc either longer than high or higher than long, the
average . of all shells being equilestersl. The number of
ribs varies from 35 to 42, averaging slightly less than

%8, The ribs are from 0.2 t0 0.6 mm. wider than the intere
spaces, and somewhat variesble In size anteriorly and pos=-
teriorly. Umbo either prosogyral, or opisthogyral;
posterior depression well-marked; ventral margin of shell
8lightly crenulate from concentriec growth sculpturing.
Average specimen, 30.6 mm, high, 30.8 mm. long, and 13.7 mm.
thick.

Discussion.~ leasurements of specimens from all

localities are summerized in table 3 in the form of aver-

ages and ratios. In preparing this table it was noted
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that the renge in size of the shells is reflected by
the average widths of the ribs and interspaces. Average
rib widths in excess of 1«0 mm, are found in valves with
lengths and heights in excess of 30 mm.} average rib widthe
between C.,8 mm. and 1.0 mm. are characteristic of valves
with lengths and heights between 20 mm. and 30 mm,}
average rib widths of less than 0.8 mn, are found in valves
with heights and lengths of less than 20 mm. In determine~
ing the degree of corvexity reference should be made %o the
ratios, length to thickness or height to thickness.

The largest valves measured in the entire series
eome from the Santa Monice Mountains and from one locale
ity in the santa Ana Mountains. These specimens measured
approximetely 75 mm, in length, more than 70 mm. in height
and more than 30 mm. in thickness. A few large valves were
found at almost every locallty, regerdless of its strati~
graphie¢ position.

The smeller vulves were subdivided into immature
end mature specimens, the basis of the division being a
6 mm. thickness of the vzlve. Valves thinner than 6 nn.
show uniformly very high ratios of length and height
to thickness as compared to valves with thicknesses of
6.5 mm. 0 7um. or more. The division at & mm. is of
ccurse arbitrary, but it was found that few spescimens have
ing smaller values could be measured with those standards

of accuracy that were applied to adult specimens.
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Statistical information regarding the immature valves
is given in table 4.
In what follows the descriptions of variants are

based on forms exceeding 6 mm. in thickness.

Glyeymeris veatchil var, reddingensis n« vars
e {(Plate I, figures I, 2)

Description.~ Compared with the typlecl form of

the species this variety is smallers The valve possésses,
on the average, less than 33 ribs. Individual specimens
may be indistinguishable from those of the typical form
when the number of ribs ig greater than 36, but valves with
that number of ribs are rarely found where this variety
occurs. A typical specimen measures 18.3 mm. in length,
19.2 mm. in height and 7.5 mm. in thickness. 1In this
valve 30 ribs are present.

gyntype:- C» I+ T« Invertebrate Paleontology
‘ cat. no. 4741,

Tyoe Locality:» Ce. Is» T» Invertebrate Paleone
tology loe. no. 1233,

Glyeymeris veatehii var. anae n. var.
%P§afe I, Tigures 3, 5)

Deseription.~ Compared with the typieal form this

variety may have either more or fewer ribs, the number
ranging from 33 to 45 or more. The chief distinguish=-
ing feature is the proportionsllly longer valve. Where

the typieal form of the specles is very nearly equilateral,
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TABLE 3
Average Measurements and Ratios of Varieties of (.
Locality No. of HNo. of width width H/L

Spee. Ribs of 7ib of Ridb
in mm. inter-

space
in nmm.
Type liegancs 10 87.00 0.950 0.300 0.94
Lower Lake
"Martinez® i 45,00 1.700 1,100 0,92
gimi valley

nMartinezn 12 40414 0.940 0.480 0.94

Garzas Creek
Type Garzas 158 40.64 1,583 1.685 0.98

Los Banos (Creek
"quinte B" veds 117 40.18 1.132 1.179 0.99

Santa Ana lits.
Upper zone 646 39.6%7 0.610 0.506 0.92

3imi Hills 58 59.48 0.605 0.560 0.95
Santa Honica Lits«29 38.78 1.309 1.088 0.98
Tuscan Springs 12 37.98 1.0928 0.868 1.00
Penz Ranch 24 3674 14145 0,968 0.99

Santa Ana Mts.

Middle zone 113 35.79 0,597 0.495 0,92
Lower zone 69 54048 0810 0.8500 0.94
Chler Clewk

Upper zone 4 53450 0,680 0.Y60 00,98

Lower zone 58 5183 0.686 0.589 0,99

Redding district
Member VI g 29.83 0785 0,450 Q.87

HMember ¥V
Upper half 18¢ 29.31 0,685 0,484 1.01

Lower half 61 30.43 0,658 0.389 0.99
Member IV 41 S8.00 0.809 0,463 1l.02

/T

2.87
2.17
24,85
Z2+54
2.57

2446
2442
2,38
223
2.26

2,51
263

285
2438

219
B.16

2.,18

veatohil

H/T

2.48
1.99
2+40
2.81
2.50

2.87
R.28
2,31
2.21
2.22

84,33
2,41

2.10
229

227

2.21
2«14

2.21
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Average Measurements and Ratios of Immature Specimens of
G+ veatehlii®

Locality No. of No. of
Sped .

Senta Ana 1ts.
Upper zone

Simi Hiills
Penz Ranch

Senta Ana Wbs.
Middle zone

Lower zone

¢hieo Creek
Lower zone

Redding distriet
Hember VI

Member ¥
Upper halfl

Lower half
Henmber IV

&7
31
22

69
19

31
39
3

width
Ribs of ®idn
in mm.
39.16 0.425
5645 044820
38,00 0.400
32.96 0.413
33411 0.300
33’00 bt
58.17 0.4856
41.00 0.500
37.50 o

width
of Rib
inter-
space

in mm,

0,400
0,380
043500

0,347
04300

0.325
0.200

B/L L/T H/T

0.88
0.20
0.89

0.90
0.91

.99

0.02

0. 96
0.97
0.95

5428
283
2.91

2.75
286

.14

B34

2,93
2,68
2.94

* No immature spe¢imenz ifcwnd ia collections from
Type ileganos, Lower Leke "yartinazw, giml Velley "iMartinezv,

garzas Creek Type Garzasg, Los Banos (Creek "Quinto B" reefl
beds, Santa Lonloca lits., Tuscen Springs, Chico Creek upper

ZOnNC«

2.84
2454
2457

246
2,61

Sad2

2.18

2.80
2.58
2.88
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the new variety has a ratio of height % length that avere
ages less than 0.95 and may be as low as 0.80« This proe
portion yields a characteristic shape even in valves that
ere badly demaged or deformed. 4An average specimen meage
ures 20,2 mn, long, 18,8 mm, high, and 7.9 mm. thicke

gyntype:= Ce I. Ts Invertebrate Paleontology
cats no. 4742,

Type Locality:~ C. I+ T« Invertebrate Paleonw
tology loce. noe 974,

Glycymeris veatehii var. major (Stanton)

1896 Pectunculus veatehll var, major n. var., Stanton,
' 17th Ann. Rept., U. S. Geol.
Surve, pts 1, ps 1040, Pd.
64’ figﬂ‘ ?u, 3'

Deseriptioms~ The original desceription of the varie-

ty is as follows: *“Compared with the typical form of the
specles, thils variety is larger, less convex, and propor-
tionally longer; the ribs are broader than the interspaces
and the posterior end is more sinuous., Length of a large
specimen, 65 mm.; height 64 mm.} convexity of one valve,
about 28 mm,.,"

Measurements on a large number of specimens from the
mguinto B" reefl bed and the type Garzas formetion indicate
that this variety, compared with the typiecal form of the
speclies, has on the average £ or 3 more ribs; the inter~
spaces are often slightly wider than the ribs, and the
shell 1s considerebly larger and slightly less convex.

A typical specimen measures 46,5 mms in length, 46 mm.
in height, and 18,6 mm. in thickness. This valve has

42 ribs.
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Discussions«» The variety is difficult to dis=

tingalsh from ¢. veatehil s« 8. unless largs numbers
of specimens are avaeilaeble for study. Maasuremeﬁté
of individual shells indiceate that the ribs are commone
ly wider than the interspages in gll the varieties of
G+ veatehil., Targe and small forms ocour together; making
size of little value in the determination of a distinet
variety., However, when more than twenty specimens are
considered, the additional ribs, the larger average size,
and the reduced convexity, are thought to establish the
validity of this variety, major.

Nelsaﬁég/ in e deseription of the Simil Velley

30/ Nelson, Re Ne, Univ, Calif. Publ., Bull. Dept. Geol,
gei., vol. 15, no., 11, p. 403, 1825,

"Martinez™ merine rocks lists the name Glycymeris major

ag one of the fossil pelecypods found in these deposits.
The specles does not appesr vo have been figured or de-
gerived. Kelson perhaps intended to recognize the

variety major as a distinct specles, bul the results of
this study indicate that specifie variastion is lacking,

and G+ major is not a valid species.
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Glyeymeris meganosensis (Clark)

1927 Glycymeris major ma%anesanais n. subsp., Clark,
T Unive Ca » PUble, Bulls Depte Geol.

Sels, vols 17, no. 2, pp. 86-87, pl. 14,

Deseription.~ The original description by clark

is as follows; ~ghell heavy, fairly large, ventricose,
subcircular in outlinej beaks prominent, strongly inturne
ed; dorsal margins straight or nearly so, approximstely
at right angles to vertical between the beaks and the
ventral edge; posterior dorsal margin strongly depressed,
or flexed. Main surface of shell sculptured by about 30
broad, flat~topped, low ribs with interspaces much narrowe
er than the ribs. The ribbing becomes obsolete on a
narrow, anterior dorsal margin, on the flexed posterior
dorsal margin it 1s somewhat finer than on the main sur-
face of the shell, becoming obsolete near the posterior
dorsal edges On the larger uneroded specimens the rib-
bing near the ventral edge tends to become obsolete and
covered over by heavy lines of growth. On edult speci-
mens the ligemental erea ls wlder and narrow, and there
are gbout 20 taxodont testh whiech extend continuously
across the hinge plate and for about two-thirds the distance
in the middle they are in a straight line curving gently
downward on each end, Dimensicn.~ Type: Length 44 mm.,
height 4% mnm., thickness of one valve 21 MNssseeses«The
subspecies meganogensis differs from the typical form
principaelly in the type of ribving. On the mejority of
speoimens of the latter the ribbing is more prominent and
the interspaces uare wider, and on the adult specimens

the ribbine does not become obsolete as on meganosensis.
#eathered specimens of the typical form are often hard to
distinguish from the subspecies.”

lMeasurements of a limited number of specimens show
that the ribs average more than 0.6 mm. wider than the

Interspaces and the difference is often congiderably

greater then this. In most specimens of typical Glyeymeris
veatehil the ribs are not mere than C.4 mm. to 0.6 mm.

wider than the interspaces. In G. meganosensis the

number of ribs averages less than 356. Thus, the dis-
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tinetion between the typical form and the new species
is quite marked,

Discussion,~ Insufficlent specimens are available

to demonstrate adequately the amount or degree of obe
solescence of the ribss On ten specimens measured the ribd
counts were conslderably highér than 30, the number given
by Clerk (supra). However, the number of ribs is far less
than that which would be expected from & eonsideration

«0f the evolutionary trends shown by shells from older
horizons. Obsoclescence of the ribs on the ventral edge,
duas to concentrie line of growth, was not observed.

Since the ribs indicate the evolution of G« veatohii
mere clesrly than eny other single characteristic of the
shell, the abrupt reduction in rib count is teken to in-
dicate the substitution of other evolutionary charactere
isticg for those which controlled the evolution prior
%0 Meganos time. Markedly narrower interspaces, in some
¢ases S0 narrow as to gppear merely as lines on the
shell, as well as a reduction In number of ribs below that
which might be expedted in specimens so far along the
evolutionary secale, furnish a satisfectory basis for
recognition cf this former subspecies as a new species,

Glyeymeris meganogensis (ulark).
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Bxplanction of Plate I

glycymeris veatchii reddingensis, typlcal
orm Ifrom the earliest Known occurrence
of the species in the California Cre-
taceouss

Glycymeris veatchil readiagensis ne var.,
Syniypes

Glycymeris veatchii anae n. var.,
Syntype.

Glycymeris veatohii sensu stricte, typniecal
Torm from [uscan Springss

Glyeymeris veatehil anae, large variety.

Glycyneris veatchll major, typiecal Cretaceous form

Trom Los panos (reek, LOs Banos, Celifornia.

glycymeris veatchii s. 8., glent form from the
Santa monica jountains.









Bxplanation of Plate II

Fizure 1. Glycymeris veatchil major, typieal form from
jartinez ol the pimi valley.

8. @lycymerls veatehll sensu stricto, typical
Orm from Lhe type locality 8% Tuscan
Springs, Celifornia.

3., Glycymeris meganogensis n. 8p., typical form
: %rom tThe % Pe locality of the Meganos

forwemtion, ¥b. Diablo Qudrzagls, California.









