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INTRODUCTION

Tne area commonly referred to as the New Idria District is
located ia the scuthern extension of the Diablo Range of the
California Coast Ranges. Thne rock complex studied is an elongate
serpentine dome about 12 miles long and 4 miles wide, situsted wholly
within the New Idrie, California quadrangle {Figures 1),

The New Idris District has long been known as the site of one of
California's mcst productive quicksilver deposits. Cinnabar was first
discovered about 185% and since that time, up to 19k, 437,195 flasks
of gquicksilver have been produced. This prcduchion is valued at about
$31,000,000 (a flask of mercury novw contains 76 pounds, although this
weight has varied during the production history of the district). The
geology of the ore deposits has been described by many writers, in-
cluding Becker (1888), Eckel and Myers (1946), ILake {1929), Schutte
(1931), and Yates and Bilpert (1945). These reports and accompanying
maps have bteen consulted frequently and in part have been incorporated
into the present study. Since this present investigetion is not con-
cerned directly with the cinnabar deposits, the reader 1is referred to
the above references for a complete description, particularly Eckel
and Myers.

The district is situated in a rugged and isolated portion of the
Diablo Range trending about N 40° W. The serpentice dome is charac-
terized by soft rounded hills, excepting San Benito Mountain (Elev.
52h8) and Santa Rita Peak (Elev. 5164) which are prominent peaks of

more registant serpentine. Flanking the serpentines are resistant
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sedimentary ridges marked by Sampson Peak (Elev. #900), San Carlos

Peak (Elev. 4843), and Wright Mountein (Elev. 45€0). To the south, the
serpentine dome assumes & sharp ridge form which branches to the east
from the main Diablc Range and is here called Joaquin Ridge. The relief
within the serpentine is somewhat subdued as a result of the peculiar

way in vhich the serpentine weathers. In contrast, the relfef is sharply
increased in the more rugged sedimentary rocks. The total relief of

the area studied is about 3,000 feet.

The headwaters of the San Benito River lie in the central and
western sorticns of the serpentine. The river drains to the SW where it
cuts a deep canyon through flanking sedimentary rocks. The northern part
of the serpentine is draiped by Clear Crezek which also flows SW through
sedimentary rocks and Joins the San Benito River at Hernandez, whereas
the southern part of the dome 1s arained by White Creek which joins Los
Gatos Creek to the south. The drainage divide of the area is deccribed
by a line through Sun Carlos Peak to the north and Santa Rita Peak and
Joaguin Ridge to the south. All of the east flowing streams are small
and intermittent.

The serpentine area is marked by poor soil development and an almost
complete lack of grass and much of the area is completely bare of vegeta-
tion. In contrast, the ground cover in the ;édimentary rock area is
marked by well developed grass and open oak gro;es.

PURPOSE

This investigation was undertaken to study a peculiar suite of miner-
als found within the serpentine and the associated rock types; it is a
well known area for the variety of minerals found within the serpentine,

and the discovery of benitoite (Louderback, 1907) was the first report on




the peculiar and distinct type of local mineralization. Since this first
account many additional discoveries of small bodies containing calc-
silicates and titano-silicates have been recorded, and recently several
outcrops that contain jadeite were discouvered along Clear Creek, increas-
ing the already complex variety of minerals present in this interesting
area. An attempt was made to correlate these small isolated mineral commlexes
with the surrounding and enclosing rocks in order to ascertain if all of
these deposits were related to a single stage of mineralizaticn within
the serpentine or if they represented several distinct periods of mineral
introduction. In conjunctinn with the problem of origin, detailed miner-
alogical studies are herein reported for many of the individual mineral
species tc establish their exact chemical and physical character.

Field work and mineral collecting extended thrcugh 1950 to 1952; mo
iong periods of time were spent in the field although the aggregate time
spent doing field work was about three months. Consider=ble time wWas spent
in the laboratory purifying and analyzing the minerai species; the methods
uséd in the laboratory investigation will be describted in detail. All
of the rock and mineral samples collected are now in the Stanford Univer-
sity collection, The semples are lateled with the author's initials (RGC)
followed by the sample number and the yesr collected, i.e., FGC-32-50.
These sample numbers are used in the text to identify the specimen and
also for location. On plate I the éample numbers are plotted at points
of collection in order thatl the reader may ascertain the geologic location

of each specimen.
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LABORATORY TECHNIQUES

Those minerals which were studied in detail were carefully sepa-
rated from the enclosing rock by various techniques to ensure a pure
mineral phase. Since these methods are not standard, they are de-

scribed below.

The Franz Isodynamic Separator proved to be tiie most useful device
in effecting a prelimipary concentration of a desired mineral. The rock
is crushed to the desired size to ensure that the individual fragments
vere free from inclusions, and the sized fraction is then elutriated to
remove the fine: dust. The coarse sized material is then passed through
the magnetic separator to effect a preliwminary concentration, which was
then centrifuged with appropriate heavy liquid until a relatively pure
concentrate was obtained. All of the mineral species analyzed in this
paper were purified in this manner and in all cases the analyzed ma-
terial was 95% or greater in purity.

It was found that for the complex calc-silicate and titanc-silicate

rocks, the verious minerals could be isolated and grouped by a generalized
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separatory procedure. The various steps follow:
1. Rock crushed to pass through 1CO mesh sieve and then elu-

triated to remove fine dust particles. Further sizing was
carried out so that the material used Tor magnetic sepa-

ration wes between 100 and 200 =mesh.

2. Abouu 50 grams of the sized material was passed through whe
magnetic separater at settings from 0.2 amps to 1.3 amps in
steps of 0.2 amps.

3. Each fraction was then inspected under the binocular to deter-
mine the number of wminerals present.

4, Those fractions which showed two or more minerals present
were centrifuged first in bromoform and the heavies thus
obtained were furiher centrifuged in methylene iodide. The
methylene iodide heavies were further centrifuged in Clerici
solution if additional sevaration was necessary.

5. Routine optical ard micro-chemical methods followed.

This method of determining the minerals present has many advantages
nver thin section study, since those minerals present in minor quantities
may be completely overlooked in thin section; whereas in a 50 gram sample,
systematic separation almost invariabtly produces enougl, 5f these minor miner-
als for a positive identification. Further, by magnetic and density frac-
tionation, identification of the minerals is facilitated as the minerals
are placed in definite ranges according to their density aud magnetic
properties. Tabulated below are the minerals commonly found to be suscep-

tible at a range of fleld strepgths as determined during this investigation.

The separator was set at a tilt of 5% and a slopve of 10°.

Amperage
< 0.2 ilmenite - chromite.
0.2 - 0.4 Fe-chlorite - stilpnomelane - barkevivite -

andradite - melanite.

Mg-chlorites - 1ldocrase - sphena.

idocrase - apatite - calcite - diopside.
apatite - perovskite - zeolites - calcite.

coo
Do
)
oo
™o




Anglyses of the minerals completed by the author folloved the pro-
cedures recommended by Hillebrend and Lundell (1929). These analyzed
minerals posed no particular problems and the procedures followed were
strictly those recommended for the elements desired.

Density determinations on purified mineral powders were made with a
micro-pycnomneter and CCl; as the liquid. Other density determinations
were made on the Bermen Balance.

Determinationsof refractive indices were made by the immersion method
and the combination of 'oils' which matched most closely the desired opti-
cal direction was measured directly by the Abbe’ refractometer using sodi-
um light. For those minerals which have indices greater than the immersion
liquids, a small prism was made along the desired optical direction and
the refractive index was determined on a single stage goniometer by the
minimum deviation method. The universal stage was used to relate the
optical direction with crystallographic direction, and also for determi-
nation of feldspar compositions using the method described by Turmer (1947).

The semi-quarntitative spectrographic analyses of the rocks and miner-

els Were done on 10-mg samples following the method of Waring and Annell

(1953) .

GENERAL GEOLOGY
The general geology of the New Idrie District will be discussed very
briefly in order to establish the geologic situation in which these peculiar
metasomatic rocks occur. The geology of the region has been described in
more detail by several writers: Eckel and Myers (1946), Anderson and Pack

(1915), Mielenz (1939), 2nd Phillips (1939). Their maps and discussions




have been consulted freely and in part incorporated into this discussion.
Tne geologic map of the area (Pl. I) is essentially the same as that of
Eckel and Myers, although the author has added or subtracted data where
there was a difference of interpretation. All the major contects were
walked our =nd ss much of the serpent;ne area as possible was carefully
investigated by walling out all of its drainage system.

Serpentines, which make up tue largest ureal unit of the mapped area,
lie between the San Andreas fault on the west and the Great Valley of
Celifornia on the east. The rocks in this area are folded in a series of
anticlines and synclines trending about N. 70° W. This folding is some-
what oblique to the general trernd of the San Andreas fault which irends
M. 40° W. fThe serpentine is an elongate oval body which is flanked by the
Franciscan formation of Jurassic age and the upper Cretaceous Panoche
formation. Serpentine end flanking rocks form an asymmetric anticlinal
dome. Eckel and Myers have shown that the northeast flank of the dome is
marked by overturned beds and by the irregular New Idria éhrust fault
which follows along or near the Franciscan-Panoche contact. The remainder
of the contact around the dome 1s marked by a shear zone which is expressed
by topographic lows and where the contact can be inspected it is marked by
high angle faults or shear zonecs. _Ihe feult bounded serpentine seems to
have moved upward in relstion to the'Franciscan and Panoche formations.

The rocks which crop out in the area investigated are divided intc
six types: (1) Franciscan formation of Jurassic age, (2) serpentine,

(3) Panoche formation of Upper Cretaceous age, (4) younger Cretacecus and
Tertiary sedimentary rocks, (5) syenite intrusives, and (6) superficial

deposits. Tnese have been listed in their apparent chronclcgical order and
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will be discussed briefly in that order.
The Franciscan formation has been considered as Jurassic in age

by Reed (1933) and Taliaferro (1943) and in this particular area no
fossil evidence is present to supoport or disprove this age. Since the
Franciscan is the basement rock here, as it is in many areas, the pre-
Jurassic geologic history is obscure. The Franciscan consists rainly of
greyvwacke sardstone with some intertedded conglomerate and shales. Minor
in volume but characteristic of the Franciscan formation are thin bedded
lenses of chert associated with basaltic lavas. The basaltic rocks are
discontinuous and are largely altered to greenstones which are spilitic
in character. The Franciscan formalion is at l-xs* 5000 S:wt in thickness
and the most extensive eprsures are along the southwestern part of the
dome; elsewkere it appears as a discontinuous rim around the serpentine.
Large and small tectonic inclusions within the serperncine may have been
formerly part of the Franciscan formation; these have been mapped as
Franciscen (Pl. I). Metamorphism of the Franciscan formatiorn has been
irregular and spotty in the district and has produced a grade of metamorphism
similar to thet of the green schist fscies; glaucuphane ecwists of the
Franciscan formation are found within these mstawwrrhnsed zones. The
Franciscan in other parts of the Coast Ranges is generally overlain uncon-
formably by Cretaceous and Tertiary rocks, although in the New Idria
District the contacts between the Franciscan and younger formations are
usually faulted. The Franciscan formation, therefore, seems to have gained

ts present position by tectonic movements and a direct stratigraphic

sequence with the younger sedimentary rocks cannct be established. A nore
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complete discussicn of the rock types within the Frznciscan is given
later in the section on petrology.

The serpentine in the New Idria District as well as those serpen-
tine bodies 'intrusive' to the Franciscan formation in the Coast Ranges
have been considered as part of the Franciscan f{ormation and tentatively
are called Jurassic in age. Detrital serpentine within the lower beds
of the upper Creteceous rocks in this district chows thet some of the
serpentine is at least older than upper Cretaceous. The serpentine forms
the entire central part of the district and Eckel and Myers report small
elongate bodies of serpentine along thco New Idria and other faults where
these separate the Franciscan and Panoche rocks. An important feature of
the serpentine is5 the nature of its contact with the surrounding sediments-
ry rocks. Tnis contact is most certainly faulted around the entire serpen-
tine body and evidence of intrusive contact action is completely lacking.
These faulted contacts suggest that the serpentine has been brought into its
present position by tectonic movement and not by intrusive forces; therefare,
the age of the primary ultrabasic rock cannot be determined by the present
ek%osed contact relationships. The original movement of the ultrabasic
'magmu' (probebly a crystalline mush) into the earth's crust may well have
been during the periocd of maximum downwarping of the Franciscan gccsyncline.
Tectonic movements followipng the original emplacement of the ultrabasic
rocks have probably resulted in the serpentinization and upward saueezing
of the rock into its present position. The emplacement of the serpentine
may have been accomplished in several distinct steges, and this view is sup-
ported by the presence of abundant serpentine debris in nearby sediments of

three widely different ages; in the upper Cretaceous (Panoche formation),
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the late middle Miocene (Big Blue member of ine Vaqueros formation),
and the Pliocere {Ttlare formation) as pointed out by Eckel and Myers.
A more detailed cdescription of the petrology of the serpentine is
givén later in the text.

The Panoche formation, of upper Cretaccous age, consists of shaly
beds and sandstones. Tt complefely surrounds the body of serpentine and
Franciscan rocks, externding to the northwest and southwest awasy from the
mapoed areea.. Tne Panoche formation is 20,000 feet thick at the type
section, (Anderson and Pack, 1915), although in the southern portion of
the district only 10,000 feet are present and near the New Idria mine
it thins to 5,000 feet. As mentioned earlier, the contacts between the
Panoche formation and the older Franciscen formation are faulted and it
is presumed that the pre-faulting relationships were unconformsble. The
basal layers of the Panoche formation are conglomeratic and contain
abundant serpentine and Franciscan debris cemented with magnesite. The
basal conglomerate grzdes upward into shale and concretionary sandstore
in about equal proportions. Most of the sandstone is in the upper half
of the forﬁation although sandstone lenses are commonly interbedded in
the lower shaly member. The Panoche formation is important with respect
to the cinnsbar deposits of the district,as most of the larger ore
deposits are found wiéhin the Panoche formation.

The Panoche formation is overlain conformably by the Moreno shale of
upper Cretaceous age. The Moreno crops out in a continuous belt near the
north edge of the area and is 3,000 feet in thickness in the northwagst

corper of the digtrict but thipns to about 1,000 feet near New Idria. The
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Moreno is characterized by chocolate-brown to maroon or purple platy
organic shale which generally serves to distinguish it from the
Panoche formation and the overlying Tertiary beds. The Moreno forma-
tion is made up of clay shale of clastic origin, orgeanic siliceous
shale with forasminifera and diatoms, and some lenses of arkosic
sandstone. Large scale calcareous concretions with megascopic fossils
are commonly found in the shales.

The Tertiary beds range in age from Eocene to Pliocene and
rapresent several thousand feet of thickmess. The beds are undivided
since they have little bearing on the present investigation. These
beds shown only in the northern part of the map (Pl. I), consist
largely of soft gray clay which have been interpreted as leke deposits
by Mielenz (1939) and Eckel and Myers (1946).

Within the serpentine three small intrusive bodies of syenite and
cemptonite are located in the southeastern portion of the dome. Two
of these bodies are clearly intrusive into the serpentine and the third
body along the extreme southern border at tne headwaters of White Creek
is part of a large landslide mass which pushed out over the Panoche
formation obscuring the originsl relationships.. Eckel and Myers
(1946, p. 91) state that the syenite is intrusive into the Panoche
shales at this locality, but there is no field evidence to support
this. The syenite has actuslly arrived at its present position across
the gerpentine-Panoche contact by landslide action and not by intrusive
action., The age of these intrusions can only ue inferred, slthough
they are definitely later than the serpentine and by their lack of

deformation appear to be of 1late Tertiary age. These intrusive rocks
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are unique in that they have no correlatives in other parts of the
Coast Ranges. Tertiary volcanic and intrusive rocks are common in the
Coast Ranges but none of these rock types bear any resemblance to
these syenites and camptonites.

The plastic nature of the serpentine and its deep weathering in
the district combined with rather sharp relief have produced large
landslide masses within the serpentine; the largest of which is in
the southern portion of the area whersa about four square miles sf it»
have been mapped (Pl. T). These masses are composed of the same
serpentine material that is found alcng the ridges at their heads.
The larger ones have traveled several miles crossing the serpentine-
sedimsntary rock contacts and filling valley bottoms of the streans
draining away from the dome. Some of the older landslides show con-
siderable erosion of the originel hummocky surface. Several have
forced streams to cut new valleys along their edges producing a
peculiar topography, with the stream valleys having double drainage
around the center filled in by serpentine debris. Many of these
slides are still active, moving slowly during the rainy seasons and
praobably more rapidly when triggered by local earthquakes which are

common in this region.
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MINERAIOGY

The New Idrie District has an extensive suite of rare and
peculiar minerals, and this study has attempted to investigate and
describe systematically the species present, exclusive of the mercury
deposits. The minerals characteriséic of the metasomatic bodies within
the serpentine were studied in the greatest detail in addition to those

from other rock types which were poorly known or exhibited exceptional

development.

PEROVSKITE

Perovskite was first reported from the New Idria District by
Bolander (1950a) and later by Pabst (1951) and Murdoch {1951). The
locality for the original discovery is given as the SE 1/k of sec. 25,
R. 12 E., T. 18 3. Four additional locations have been discovered in
this study, all of them within section 25. These localities are
numbered 34, 37, 56 (original discovery), 57, and 83: see Plate I.

In these five localities perovskite assumes several habits and ex-
hibits a range of cclor and crystallinity. Perfect euhedral crystals
are found at locality 56 and here perovskite, associated with black
euhedral melanite and reddish prisms of idocrase, forms drugy surfaces
’and veins within a chlorite rock. Perovskite from localities 3k, 37,
and 57 crystallized as anhedral grains or as distinct veins within
chlorite rocks, and is sometimes completely surrounded by melanite or
Torms discontinuous veins mixed with melanite. ILocalities 56 and 83
are the only two exposures vwhich produced euhedral crystals of

perovskite.




Euhedral perovskite is dominantly shiny black grading to dull yellow,
and forms crystals up to one centimeter souare. The crystals show cubic
form and are commonly modified by (011) and (111) faces. Ocecasional
single octahedra are noted, particularly from locality 83, and Pabst (1951)
and Murdoch (1951) report additional forms; (023), (034), (oks), (311).

The following interfacial angles were determined on 2 picm>d crystal from
locality 5S6.

100 A 010 = 89°55'30"

111 A 110 = 35°07'00"

100 A 110 = k5°00'00"

Some question regarding the symmetry of perovskite has been raised by
Bowman (1508), Zedlitz {1939),and Murdoch (1951), since the external
symmetry of perovskite conforms tc the isometric systea, slthiough X-ray
study and the optical characier suggest either orthorhombic or monoclinic
symmetry. Interfacisl angles measured on the New Idria perovskite certainly
suggest an isometric character, although optical exemination shows it to
be anisotropic with biaxial optics. Perovskite is listed as pseudo-cubic
in Dana's seventh edition (Palache, et al., 194k4) and comparison of unit
cell dimensions (celeculeted on the basis of isometric structure) of the
tlew Idria perovskite with the cell edge of other occurrences shows Biir sgree-
ment.

New Idria - 7.63 A + 0.01
Urals - 7.645 & + 0.015
7.590 & 2

Crestmore - 7.64 A + 0.01

Zermatt
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Murdoch (1951) has suggested that perovskite crystallizes in the
isometric form and on lowering of temperature inverts to e lovwer symmetry.
This view is supported by Megaw (1946) who has shown that synthetic double
oxides of the perovskite type assume different symmetries as a result of
changing temperature. Controlled heating accompanied by X-ray studies
could possibly show that the inversion in perovskite may be a function
of temperature.

Optical determinations by universal stage show that perovskite from
locality 56 is biaxial positive with an optic axial angle of 90° and ex-
treme dispersion, r > v. Following Bowman's (1508) interpretation of
crihorhompic sympetry, ¥ = ¢ and X = a. Two types of twinning were noted,
polysynthetic with lamellse parallel to [001} and the .composition plane
parallel to [110]. The twin lamellae show extinction at 45° to the
lamination. The second type is also polysynthetic with broader lamellae
parallel to {001} and the composition plane parallel to {111), with paral-
lel extinction to the lamimation. Plate V shows the t-winning of perov-
skite con a section cut perpendicular to the c-axis. Pleochroism is merked
in the da.rk:er varieties by Z2 > X.

A quantitative chemicel analysis was made on purified perovskite from
locality 56 using both light and dark material, since there was no apparent
difference in their physical makeup. The analysis is set out in Teble 1
with density and refractive index data and it shows that New Idria perov-
skite is almost pure CaTi0;. A semi-quantitative spectrographic analysis
reveals the presence of Ce and la in the range 0.1.0.5% and Nb and
Nd in the range 0.01-0.05%¢. Zirconium was also det<cted in the renge
of 0.005-0.01%, the compleie spectrographic anslysis is given in

Plate IV. Tne lack of extensive substitution for Ca or Ti suggests that
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Table l.--Chemical analysis and physical properties of perovskite

(RGC-56B-51).
Weight percent Metal atoms

Ti0p 58.16 .985

5102 0.53 .010 1.01
A1203 0.43 .010

Ca0 %0.75 .985 L

Mg0 0.06 .001 .99
Fe0 0.13 .005 J

100.04

Analyst, W, H. Herdsman.

Calculated density = 4.08 (a, - 7.625).

Density = k.18 + 0.005 (Berman Balance).

N =2,385 + 0.002 (minigum deviation on prism cut parailel to c-axis).

Birefringence = 0.002.
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the titanium teering solutions wcre derived from a magma of basic nature
rather than an selknlic type since Nb may become strongly enriched in the
acid alkalic rocks. Perovskites from alkelic rocks such as those at
Magnet Cove, Arhansas, and Kailserstuhl, Baden, Germany contain several

percent Nb,

BENTTOTTE

Benitoite was first described by Louderback (1907) erd (1509) and
since then no additional work has been reported on the genesis of this
singular occurrence. Furthermore no other reports of benitoite, in
place, heve appeared, since the original naming and description. Reed
and Bailey (1927) recognized benitoite as a detritel minerel in oil-well
cuttings from wells loceted in the Great Valley of California, and it is
assumed that the source was probably the Ilew Idria lccelity. Benitoite
is found in a2 sinzle mineralized vein within & rather larze tectonic in-
clusion within the serpentine (Pl. III). The vein is variable in width,
shows numerous bifurcations, end is composed essentially o netrolite
1mpregnaéed with fibrous hair-like bluish amphiboles varying in compo-
sition from crossite to glaucophane (Pl. XIII).

Benitoite accomrznied by neptunite and Joaquinite is always rfound
izmplanted or imbedded in a natrolite gangue in open cavities of veins =s
drusy surfaces projecting inward to the central cavity. The vein walls
are composed of pure white cockscomb natrolite which varies in thickness
from fractions of an inch to several inches. The zeolite grades imper-
ceptibly into a bluish-green wall rock which is composed of intergrown

retirolite 2nd fibrous blue amphibole.
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The mineral forms euhedral ditrigonal-dipyramidel crystals with
{0111} prominent and {0001}, {1011}, {1010} , {0110} common. Tue
largest crystal reported is about two and a half inches across, although
the average crystal is less than an inch. Color varies from sapphire-blue
to light blue; occasionally benitoite is colorless. A strong bluish fluo-
rescence is produced in benitolte under wltra-violet light using both long
ard short wave sources.

Benitoite is unique in that it is known to occur at only one locality
in tiue world and it is the only naturally occurring example of a mineral
in the ditrigonal-dipyramidal symmetry cless. The unit cell and space

group of benitoite have been worked out by Zachariasen (1930) as follows:

space group: D % n=C6ec
Z =2
2+
Trigonal a- 6.60 A T 0.01

c- 9.7L R * 0.01
c:a - 1.k71 1 1
Louderback (190S) had duplicate aralyses of benitolte made but minor

or trace elements were not determined. A purified concentrate of benitoite
vas aoalyzed by spectrographic (Pl. IV) and gravimetric (Table 2) methods.
The optical constants, determined on the material used for analysis, are
given in Table 2, where it will be noted that Al and some Ti must be appor-
tioned to Si in order to give six metal atoms for this group. Ferrous iron
is grovped with Ti and the Ca with Ba. In general this analytical data
agrees with that given by Iouderback except for those additional elements

determined in the mogt recent anniyses. It was suggested that the volor

variation might be du= to small amounts of some unrecognized element which
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TABLE 2. CHEMICAL AND PHYSICAL PROPERTIES OF BENITOITE FROM
THE GEM MINE.
1 2 3 k METAL  ATOMS
5105 k3,56 43.79 k3,61 4340 5.93
6.00
Als0s - - - 0.11 .01
.06
Ti0, 20.18 20.00 19.50 20.04 2.06
2.00}2.02
FeO - - - 0.22 .02
BaO 36,354 36.31 37.01 36.60 1.96
1.97
Ca0 - - - 0.04 .01
H20 + - - - nil
H20 - - - - 0.19
100.08 100.10 100.12 100.60

PROPERTIES OF NUMBER 4

®

]

T
e

.753 * .o02
.800 + .002 (minimum deviation on cut prism)

UNIAXIAL POSITIVE, (2V of 20° noted in strained crystal)

X = colorless

Z

light to deep blue

DENSITY = 3.67 ¥ .003 (Berman Balance)

1, 2, and 3 - Analyses taken from Louderback (1909),apalyst Blasdale.

L - Analyst, R. G. Coleman.
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could produce the coloratinn. Spectrographic analysis of the blue mate-
rial shows 0.001-0.00%. V, 0.01-0.05% lb, and 0.001-0.005% Cu and it

would seem that the blue coloration might result from these trace elements.
Further investigation along cspectrographic lines to determine what trace

elements are characteristic of the different colored vuiieties should be

carried out.

NEPTUNITE

leptunite is the most abundant Ti-silicate in the natrolite veins
of the Gem mine, where it forms singzle, elongate crystals with distinct
prismatic habit, embedded or implantad on natrolite and associated with
benitoite and joaquinite. Reptunite prisms are usually attached at one
end only and have grown outward with complex terminations on the pro-
Jecting end. Thne dominant forms developed on these crystals are {106@
{}10}, {ooy}, end {111} . Ford (1909) has completely described the crystal-
lography of neptunite from this locality. The neptunite is black to dark
reddish-brown with a splendent luster and makes a striking specimen when
impl;nted on the pure white cockscomb natrolite. The neptunite is found
in the same relative position in the natrolite veins as the benitoite,
that is, forming drusy surfeces projecting inward to the central vein
cavity. Alcng parts of the mineralized patrolite veins, neptunite ccm-
pletely covers the surface of the vein walls to the exclusion of other
minerale. WNeptunite has been found only within the mineralized veins of

the Gem mine. Iouderback's (1909) analysis of neptunite together with optical

data determined on other than analyzed material are presented in Table 3. A




TABLE 3. CHEMICAL AND PRYSICAL PROPERTIES OF NEPTUNITE
FROM THE GEM MINE

WEIGHT %

5105 53.4k
Ti0, 17.18
FeO 11.23
Mg0 1.82
Ca0 0.25
MnO 1.78
Nao0 9.1k

100.18

ALPHA = 1.692 ¥ .002

GAMMA = 1.708
_ OPTIC ANGLE = 66° t2° (4)
EXTINCTION ANGLE, Zac = 16°
OPTIC PIARE IS PARALLEL TO (010) WITH Y =b

DENSITY = 3.21 ¥ .005 (Berman Balance)

Chemical analysis from Icuderback {1509), analyst, Blasdale.
Optical and density determinations (by Coleman) were not made
on the analyzed material.
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semi-quantitative spectrographic anslvsis for optically studied
material is listed on Plate 1V. ‘

A perfect prismatic cleavage is developed parallel to {llQ] forming
an intercleavage angle of 80°; this can be seen in sections cut normal
to c-axis. X-ray crystallography fy Gossner and Mussgnug (1931) shows

neptunite to be monoclinic with unit cell dimensions given below;

ag - 16.54 A
by - 12.64 &
co - 0.0k &

beta - 115%N'
Further notes on neptunite from the Gem mine have been published by
Arnold {1908, p. 312), Schaller (1911, p. 55), and Buttgenbach (1937-38,

p. 325).

JOAQUINTTE

Joaquinite is one of the rarest minerals found within the New Idris
Distriét and like benitoite its occurrence here is unique. Louderback
(1909) described jomquinite as a new minerzl from the Gem mine and Palachs
and Foshag (1932) restudied it. No later work on joaquinite has appeared
in the literature.

Joaquinite is sparingly associated with benitoite and neptunite as
small euhedral crystals (up tc 2 mm), honmey yellow to brown in color and
with pyramidal and flat tabuler forms predominating.

A secoud locelity for Joaquinite was discovered during this investi-

gation along the southeastern flank of Santa Rita Peak, where it occurs
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as extremely small crystals (less than 1.5 mm) implanted on natrolite
druse within a large tectonic inclusion (see locality RGC.81.51) in
serpentine. Benitoite and neptunite were not found associated with
Joaquinite, although the mineralization of the host rock is similur to
that found at the Gem mine. The chemical and physical properties ere

summarized in Table &,
GARNET GROUP

Garnet is quantitatively an important mineral in many of the meta-
somatic bodies within the serpentine, and in restricted parts of the
serpentine garnet is an important mineral locally. Titanian andradite
(melanite as used by some authors), is the most abundant garnet in
those metascmatic rocks which have a high titanium content, where it is
associated with perovskite, sphene, apatite, idocrase, and chlorite.
Andradite is commonly found in the unaltered serpentine or in the periphf
ery of the metasomatic rocks where the Ti content is low. Uvarovite is
commonly associated with small pods of chromite within the serpentine and
may be intergrown with kammererite, Grossularite and bydrogarnet are
found associated with the Jadeite bodies, and spessartite is presest in
the syenite as euhedral crystals. The low-grade metamorphi~ rocks
peripheral to the serpentine contain garmets in some facies.

A detailed study was carried out on a Jet black titanian andradite
from RGC-42-50 (see Plate I for location), & metascmatic rock within the
serpentine, The fitaniaﬁ andradite occurs as euhedral dodecahedra

(0.1 to 0.5 cm) implanted on chlorite (rumpfite). In thin séétion, the
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TABLE 4. CHEMICAL AND PHYSICAL PROPERTIES OF JOAQUINITE
FROM THE GEM MINE."

WEIGHT PERCENT

510z 36.4
T105 30.5
FeO 5.5
BaQ 24 .7
Nao0 ¥.6
= _03
100.0

ANALYST - W. F. Foshag

ALPHA.= 1.748 Z'Y>X ABSORPTION IN YELLOW
BETA = 1.767 OPTIC SIGN = {+)
GAMMA = 1.823 ov = 50°

DISPERSION - R<V PERCEPTIBLE

DENSTTY = 3.89

* All data in this table taken from Palache and Foshag (1932).
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TABLE 5. CHEMICAL AND PEYSICAL PROPERTIES OF TITANIAN ANDRADITE

(ReC-42-50).
Wt. & METAL ATOMS IDEAL
5102 30.7h 2.55 ]
s j» 3.00 3.00
AlaO, L.78 Riv
.02
Fen0y 17.67 1.10
1.83 Z2.00
Ti05 11.36 .71
FeO .99 o7
MnO .76 Oh
3.12 3.00
Ca0 33,51 2.98
Ma30 .25 .03
H=0 + nil -
Ho0O - 08 -
100.1k
N = 1.857 to 1.860 ¥ .002

DENSTIY = 3.625 ¥ 0.005 (pycnometer, 23°C)

[o]
LATTICE CORSTANT = a, 12.10 A ¥ .01

ARALYST - R.

G. Coleman
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placed in the octahedral positions and most of iue Al was apportioned
to the 5i pocitions in order to balance the excess positive charge
produced by Ti in the Fe3t positions. If the excess Ti is considered
to replace Si a satisfactory valance is found, although reasons for
the present apportionment will be discussed later.

A titanian andradite (schorlomite) analyzed by Zedlitz (1933)
contained 17.30 percent TiOz and only 206.83 percent SiCp; thus in this
garnet much of the titanium must be ir tetrahedral coordination. In
calculating the formula for this garnet it is necessdry to apportion
0.75 of the Ti for Si to bring the amount of metal atoms‘in tetrahedral
coordination up to the theoretical value of 3.00. Since the size of
the Ti ion is 0.64 3 and that of Al is 0.57 2, both larger than Si
{0.39 g), there must be some increase in the cell edge of the garnet
lattice to accommodate Ti and/or Al in the Si positions.

Zedlitz (1935) has shown that this is truly the case in those
titaniferous garnets analyzed by him. Zedlitz plotted the unit-cell
dimensicns of the analyzed garnets against the molecular percent of
TiOz and it was shown that there was en almost straight line increase of
unit cell size with increasing TiOp. In the present study, Zedlitz's
values have been supplemented with additional garnet anmalyses and all
are plotted in & similar fashion (see Figure 2). 1In order to determine
if only Ti apportioned to the tetrahedral Si positions was responsible
for the lattice expansion, another plot vwas made (not shown) using the
Ti apportioned to the Si positions plotted against the unit cell size,
This plot shows a stronger divergence from a straight line function

than that in Figure 2, and it seems that the total titsnium in the
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- NEW IDRIA .36 12.10
2-MAGNET COVE, ZEDLITZ (13933, 1935). 4.60 12 019
3-JIVAARA, " " 17. 30 12 143
4-KAISERSTUHL, . . 210 12 104
5-REZBANYA, MACKOWSKY (1939). NIL 12 .001
G6-SPARTA, " " 0.75 it 988
7-0BERBERGEN, " N 9.38 12 104
8-1IWAARA, " " 12.77 12 139
9-1RON HILL, LARSEN (1942). 5.08 12.05

FIGURE 2 RELATION OF UN!T CELL SIZE AND Ti0Op CONTENT IN TITANIFEROUS ANDRADITES
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structure controls the expansion of the garnet unit cell.

The titanium conient of several garnets from the New Idria District
was determined indirectly by measuring the unit cell and estimating the
TiO> content from Figure 2. The Ti0- content determined in this manner
suggests that all the garnets found in the replacement veins must carry
ranging amounts of titanium (Table 6). Thne first two garnets listed
are from different zones within the same garnet. The core is a lighter
color than the rim with an apparent increase in TiOz from the core out-
ward, The titanium andradite (RGC-50-51) is associated with perovskite,
chlorite, and idocrase. The last two garnets in Table 6 are from the
same metasomatic rock (RGC-34-50) and a spectrographic analysis of the
light green andradite shows 1-5;) Ti, or 2-83 TiO». This value agrees
satisfactorily with the TiO> content determined from Figure 2 and it
would appear that the color of the Hlew Idria garnets is not & true index
of smaller quantities of Ti substituting in the garmet structure.

Comparison of the refractive index of asnalyzed New Idria titanian
andradite with that of other titaniferous garnets from the literature
snows that the former has a lower refractive index than that ordinarily
found and it is suggested that in this instance the excess Ti'* wainly
replaces Fe3t and not Si. Thus the refractive index would remain about
the same as that of endradite. From the data presented in Table 7 it
is apparent that the refractive indices of titaniferous garnets are not
necessarili a function of their titanium content, although s—isrs
conplete study of these garnets could possibly produce a satisfactory

explanation for the anomalies produced by Ti substitution in the

andradite lattice.
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TABLE 6. DETERMINATION OF TiOp CONTENT FROM UNIT CELL MEASUREMENTS.
UNIT CELL

SAMPLE No. MINERAL m & Ti0, ¢

RGC-42-50  TITANIAN ANDRADITE, BLACK (RIM) 12.12 1k

RGC-42-50  TTTANIAN ANDRADITE, BROWNISH 12.08 10
BLACK (CORE)

RGC-56-51  TITANIAN ANDRADITE, BLACK 12.11 1%.5

RGC-34-50  TITANIAN ANDRADITE, BROWNISH 12.06 8.5
BLACK

#GC-34-50  ANDRADITE, LIHT CNREEHN 12.06 3.5

Unit cell measurements made by A. Pabst.
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TABLE 7. REFRACTIVE DNDICES AND TiOp CONTENT OF TITANIFEROUS

GARNETS.
LOCALITY N Ti0n %
1- NEW IDRIA, CALIF. 1.86 11.36
2- IRON HILL, COLO. 1:907 5.08
3. TURGA, FINLAND f 1.90 6.3
4. ROCCA, ITALY 1.6 8.70
5. MAGNET COVE, ARK. 1.6k 16.90
6- JIVAARA, FINLAND 2.01 19.00

2- larsen (1942), 3- Kranck (1928), 4,5,6- Winchell (1951).




The close similarity of the optical and physical properties of
the dark garnets to the light colored andradite pgarnets led to a more
detailed study of the andradite garnets found in the metasomatic bodijes.
In the contact zone of one of these bodies {RGC-109-52) a colorless to
lignt green andradite was found that showed well developed dodeczhedral
form up to 0.1 cm in diameter. TDiopside, idocrase, and chlorite are
associated with the garnet. The light colored andradite grades into a
dark titaniferous garnet in the central portion of the metasomatic calc-
silicate body. An anelysis of the andradite is presented in Table 8
together with the physical properties.

Tnis andradite shows weak birefringence similar to that in
titanian andradite described earlier but does not exhibit the twinning
characteristiecs of that mineral. The analysis shows excellent agreement
with that of other anslyzed andradites found in the literature. 1In
comparing this analysis with the analyzed titanian andradite from New
Idria, it can be readily seen that ferric iron was replaced to a
gr;ater extent than silica in the form=tion of the titanian andradite.
Therefore, if the excess alumina replaces silica and all of the titanium
replaces ferric iron, the physical constants of the titanian andradite,
i.e., deﬁsity, refractive index, should not be radically different
from endradite; as the atomic weights of titanium and iron are compara-
ble as are their ionic refractivities. If this generalization holds
true, 1t might well explain the similarities (optics and density)
between the andradite and titanian andredite of the New Idria District.
On the other hernd if ine fitenium enters the andradite structure and

replaces silicon in preference to ferric iron 1t should be expected
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light green andradite was found that showed well developed dodecahedral
form up to 0.1 cm in diameter. Diopside, idocrase, and chlorite are
associated with the garnet. The light colored andradite grades into a
dark titaniferous garnet in the central portion of the metasomatic calc-
silicate body. An analysis of the andradite is presented in Teble A
together with the physical properties.

Tnis andradite shows weak birefringence similar to that in
titanian andradite described earlier but does not exhibit the twinning
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greater extent than silica in the formation of the titanian andradite.
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replaces ferric iron, the physical constants of the titanian andradite,
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ble as are their ionic refractivities, If this generalization holds
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replaces silicon in preference to ferric iron it should be expected




TABLE 8. CHEMICAL AND PHYSICAL PROPERTIES OF ANDRADITE

GARNET (RGC-42-50).

Wt. 4 METAL ATOMS IDEAL
Si0p 35.33% 2.9
-0l 3.00 5.00
Alz03 2.98 .30 ;
.26
Feo0q 25.48 1.60
Ti0n .57 .0k
> 1.96 2.00
FeO .52 Ok
MnO .22 .02 J
N 5.0 3.00
Ca0 33.76 3.02
Mz0 .Th .09 J
Ha0+ nil
H20- .38
99.98

N =1.879 F .002
DENSTITY = 3.717 * 0.003 (pycnometer, 2k°C)

ANATZYST - W. H. Herdsman
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that the density and the refractive indices would te radically different,
a5 tne atomic weipgnt ard ioniec refractivities of silicon and titanium
are not similar. On this basis, the titanium in the titanian andradite
was aprortioned to ferric iron because the refractive index indicated
very little substitution of titanium for silicon. VWhen the indices and
densities of the garnets from the metasomatic and serpentine rocks are
ccmpared, their censtant nature is remarkable considering the amount of
substitution (Table G),

Grossularite has been rerorted from the lew Idria District by Pabst
(1951, p. 482) and Yoder and Chesterman (1951, ». 3). Although the
author was unsble {o find grossularite, minor concentrations of hydro-
garnet were found associated with the jadeite pods in a prehnite-rich
rock. Tne hydrogernet makes up to 103 of the rock and occurs as granular
masses intergrown with prehnite. Individual grains of the hydrogarnet
show distincet zoning which is manifested by differences in refractive
index. From the core outward the refractive indices increase in value.
A portion of;the rock showing a high concentration of hydrogernet was
ground to minus 300 mesh and centrifuged in liquids of known densities
and the refractive index of each density fraction was determined in
order to establish the compositional range of the zoned hydrogarnet.

The determinstions show that the zones of hydrogarnet fit nicely into
the grossularite-tricalcium aluminum hexahydrate series as described by
Hutton {1943, p. 174} and by Yoder (19350b, p. 243). These date plotted
on the diagram (Figure 3) published by Yoder indicate that the com-

position of the inner cores extends below that of plazolite and hibschite
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TABLE 9.--REFRACTIVE INDICES AND DENSITIES OF THE NEW IDRIA GARNETS.

SAMPLE No. MINERAL 0 DENSTTY

RGC-34-50 LIGHT GREEN ANDRADITE 1.83 L .00

RGC-109-52  DARK BROWNISH BLACK MELANTTE &/ 1.863 .

RGC-109-52  ANDRADITE (ANALYZED) 1.679 3,717
RGC-67-51  ANDRADITE, LIGHT GREEN 1.863 -
RGC-92-52  ANDRADITE, LIGHT GREEN 1.865 -
RGC-37-5C  MELALTTE, BROWHISH BLACK 1.863 -
RGC-42-50 MELANITZ, BLACK (AI{AL’YZED) ‘ 1.857 3.625
RGC-56-51  MELANITE, BLACK 1.856 3.72
RGC-34-50  MELANITE, BROWHNISH BLACK 1.866 3.71
RGC-14-50  ANDRADITE, LIGHT YELIOW 1.869 3.68
RGC-27-50 ANDRADITE, LIGHT GREEU 1.862 5.78

* High density may be due to chromium, spectrographic analysis shows
1-5% Cr.

1/Melanite is used here as = synonyn of titanian andradite.
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and the peripheral zone extends up to hydrogarnets. According to
Hutton no natural minerals of the series more hydrous than plazolite
l:ave bean found, and therefore this uppears to be the first recorded
case of a natural hydrogarnet containing almost 145 Ho0,

Yoder (personal communication) has found that synthetic hydrogarnets
assume 4 zoning similar to the naturally occurring materisl described.
Since this synthetic material was produced in opan tubes at constant
temperatures and pressures there may have been some leaching of silica,
therefore, the zoning of the hydrogarnets cannot, as yet, be explained

experimentally.

PYROXENE GROUP

The New Idria District is particularly noteworthy for the variety
of pyroxenes present in the different rock types. The serpentine is
characterized by the orthopyroxenes, the dynamothermal metamorphic rocks
by Jadeite-acmite, the metasomatic rocks by diopside, and the late stages
of ghe syenite intrusion by aegirine-augite. In many cases, pyroxene is
the dominant mineral and therefore is quantitatively important in the
petrology of the district.

The first authenticated outcrop oi' jedeite in California was estab-
lished by Yoder and Chesterman (1951) along Clear Creek within the serpen-
tine. It seemed desirable to make a complete study ol the jadeite since
there has been considerable interest in this particular locality. The
jadeite is found in small veins cutting albite-glaucophane-acmite

schist and as larger lens -shaped pods within serpentine. A more
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complete description of the occurrence is given in the section deuling
with the pstrology of the district. The vein jadeite is coarsely
crystallipne and almost pure white whereas jadeite from the pods is vari-
egated with fractured green jadeite healed by anastomosing veins of white
Jjadeite. Prehnite, hydrogarnet, thomsonite, and minor sphene are associ-
ated with judeite pods, while vein jadeite is found with albite, analcite,
natrolite, and thomsonite. The detailed study of the jadeite was carried
out on the white vein materiel which is almost pure jadeite (Colemen,
1954%). The analyzed material was very carefully purified by centrifuging
in heavy liquids and the resultant concentrate is 99.57 pure with possibly
a minute amount of analcite present as inclusions. Two additional analyses
of Jjadeite collected by Yoder Znd Chesterman from Clear Creex were obtained
from George Switzer. The anulyses of the vhite jadeite accompanied by
physical properties are presented in Table 10.

These two independent apalyses of the white jadeite from Clear Creek
definitely establish this material as an almost pure jadeite. Recalcu-
lations of these analyses on the basis of six oxygen to the unit cell
shov a close correspondence to the ideal formula for jadeite (Table 10).
In analysis number 2, sodium appears to be somewhat low, although this
may indicate differences in the two analytical methods. The high water,
in number 2, may be accounted for by the presence of anelcite as an im-
purity. Some of the aluminum in analysis number 1 proxies for Si,
although according to Yoder (1950a) most of the aluminum must be in

six-£3223 coordinatioa to allow for the closer packing and thus higher
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TABLE 10. CHEMICAL AND PHRYSICAL PROPERTIES OF WHITE JADEITE
FROM CLEAR CREEK.

1 METAL ATOMS 2 METAL ATOMS
S10 59.06 1.99
2 J'Ol 2.00 59.38  2.00 }2_00
A1204 24 .52 .98 - 25.8 1.02 )
B
Ti0s .08 .002 .Ch -
51.00 >1.03
F2504 41 .018 ks .01
FeO .18 .006 ] : trace -
MnO 03 - - .
Mz0 17 .008 .12 .003
Cal .35 .012 .13 .005
> 1.00 0.88
Nao0 1k.95 .983 1%.40 .876r
K20 .01 - J .02 - J
H20+ 07 - .16 -
Hz0 - .03 - .22 -
Cra0s - .01 -
99.96 99.75
PHYSTCAL PROFERTIES OF No. 2
ALPhe = 1.658 ¥ 002 OPTIC ANGIE = T70°
BETA = 1.657 EXTINCTION ANGLE = 34°
GAMMA = 1.666 X = Y = 2 COLORLESS
DERSITY = 3.43 ¥ .cC5 NORM
(Berman Balance) #1 #2
Ja  91¢  98%
a3 29, 14
ac 1% 1%

1 - From Switzer (Analyst - F. H. Oslund, Y. of 4. lab.)
2 - Analyst - V. H. Herdsman.




dersity of jadeite. Tne optical properties of the jadeite compare
favorably with those of other published data (Table 11). A further
comparison of the analyzed material from Clear Crmek was made on the
pcwder diffraction pattern with the published data of Yoder (1951). The
indexing of the lines was kindly done for the author by Daphne Riska of
the U. S. Geological Survey (see Table 12). Tne close agreement between
these X-roy powder diffraction messurements indicates without a doubt
that tre Cleer Creek material is one of the world's better localities for
pure jadeite. Wolfe (1955) has described a second locality of jadeite
from Cleverdale, California and his careful crystallographic study shows
well develored crystals of jadeite (944 jadeite - 6% diopside) formed in
two generations in small veins cutting glaucophane schist.

Optical determinations on the green jadeite associated with the
white Jjadeite indicate that considerable Ca, Mg, and Fe2* are adrixed
with this variety. A chemical analysis of the green material kindly put
at the disposal of the writer by Georze Switzer, shows about 10% diopside
and 1k¢ acmite.

Jadeite has also been found as a crystalloblastic constituent in
one of the metamorphic rocks (RGC-77-51) forming a large tectonic inclu-
sion vithin the serpentine about B/h of a mile north and east of the
Clear Creek locality. Mielenz {193%9) was the first to recognize that
Jadeite wes present in the schists of this area.

In contrast to the Jjadeite from the metémorphic rocks, the caleium-
magnesium end nember, diopside, dominates in the calc-silicate metaso-

matic rocks. Diopside from these rocks, white to very faint pale green,




TABLE 11. COMPARISON QOF OFTICAL DATA ON JADEITES.

L2

ALPHA BETA GAMMA 2V Zac
1- 1.654 1.657 1.666 70° 340
2. 1.655 1.659 1.667 70° 2y 50
3. 1.640 1.645 1.652 67° 40°
L. 1.664 1.671 1.694 - -

1. Clear Creek, Calif.

3- Cloverdale, Calif., from C. W.

and Berman (193h4).

2- From H. S.
Wolfe (1955).

Washington (1922).
k. From larsen
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TABLE 12. COMPARISONS OrF X-RAY POWDER DIFFRACTION MEASUREMENTS

ON JADEITE
Con JADEITE - CLEAR CREEK JADETTE - BURMA®
Rkl a(®) a(4)
110 6.2 6.19
020 ‘ L. 27 k.29
021 5.2 3.25
220 3,10 3.11
221 3.06 2.9
310 2.8 2.82
221 2.41 2.k
100 2.25 2.4
512 2.21 2.19
330 2.07 2.069
ol 1.96 1.671
241 - 1.88 1.892
L1 1.57 1.577
) 1.55 1.555

* Data taken from Yoder (1950 &)
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forms thin bladed elongated crystals. Two habitats have besen noted:
(L) as an early mineral within the metasomatic rocks associated with
1docrase and chlorite, and (2) as a late mineral forming delicate crys-
tals in cavities and vugs. Optical determinations on diopside from
eight localities (Table 13) show little variation Irom essentially
pure (CaMgSiz0Og) with little or no substitution of iron or sodium.
Occurrence of diopside in such rocks as these is particularly noteworthy
since the diopside has formed contemporsneously with nydrous minerals,
such as chlorite, and is commonly in juxtaposition with andradite and
titanian andradite, Diopside is a common mineral in 'szarn' type meta-
wmorphic deposits, but at Hew Idria, diopside has formed during meta-
somatic replacement of serpentine by introduction of Ca, Al, Fe, and
Ti.

Acmite is found within the syenite as a late deuteric mineral in
veins associated with natrolite and analcite, and also may be observed as
rims to barkevikiie in the syenite near these late deuteric veins. An
interesting but isolated occurrence of acmite (RGC-39-50) was found in
the Franciscan formation near thes contact on the eastern edge of the
serpentine. Here veins of albite up to three inches across cut glauco-
phanic rocks and contain vuy, areas implanted with bladed ecrystals of
deep green acmite (Table 13, RGC-39-50). Acmite is & common constituent
in schists associated with jadeite veins, Other optical determinations
vere made for pyroxenes in metamorphic rocks (Teble 13) of the Franciscan

type, and most were found to belong to the acmite-aegirine-augite series.
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AMPEIEQOLE GROVP

Several unusual amphiboles ere found i- the New Idria District and
these vere given a more detailed study. A dark brown to black amphibole
Is an essential,constituent of the camptorite and syenite intrusives end
mokes up from 10 - 607 of the rock; shown to be barkevikite by opticel
ard chemical study. It tbrms elongate prisms ranging in size from
several millimeters to 24 cm in length. Barkevikite is extremely fine-
grained in the camptonite whereas in the syenite the crystals become
much larger and in some spofs form large radiating clusters of prisms
severel feet across. Optical determinations oan the amphibole from the
different inlrusive facies indicate an extremely consistent composition;
however wnere chanies in composition of the crystallizinx magma had
taken place, the barkevikite reflected this change. In the late deu-
teric stage, the barkevikite became rimmed by aegirinaugite or by
glaucophane and crossite near the igneous-serpentine contact.

Complete analyses have been made of barkevikite (Table 1L) and of
unweathered White Creek syenite (RGC-48-50) from which the amphibole weg
separated (Table 23). Recalculation of anzlysis in Table 14 on ths basis
of 2k (0,0H,F) to the unit cell was made in order to determine if the
results fit the standard formula for amphiboles as established by Warren
(1930). Almost one quarter of the theoretical amount of silicon is
proxied for by aluminum to bring the four coordinated metal atom positions
up to eight. The remainder of the metal atoms fit approximately the
accepted formula except for the low percentage of water, 1.06 (OH) instead

of the theoretical 2.C0. A separate deternization wes made for fluorine
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TABLE 1h4. CHEMICAL AND PHYSICAL PROPERTIES OF BARKEVIKITE
(RGC-148-50) .
WP, 4 MCTAL ATOMS IDEAL
5102 38,74 5.97
2.03 }- 8.00 8.00
Al504 1h .02 2.56 :
.53
Ti05 3.96 0.46
FeO i6.27 2.09
5.46 5.00
Fes0q 2.32 0.26 F
Mg0 9.26 2.12 )
MnO .33 0.05 A
Ca0 11.28 1.86
Na20 1.16 0.34 \ 2.h1 2.00
Kz0 .89 0.16
Ha0+ 1.02 1.06 } 1.06 2.00
H20- ] .20
99.45

ANALYST - W. H. Herdsman

ALPHA

BETA

GAMMA

ZAc

DENSTITY

1.701 ¥ .002
1.695
1.679

13°

2

av

= 3.40 ¥ .005 (pycnometer,

LIGHT REDDISH-BROWN

LIGHT YELLOW-BROWN
DARK REDDISH-BROWN
= 60°

24°¢)

Fluorine determination on a separate portion gives 0.02%.
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. and combined water was rechecked in order to establish definitely the
low (OH) content of the amphibole. Comparison with other barkevikite
anslyses shows that low (OH) content is a common characteristic of these
amphiboles and Sundius (1946) includes barkevikite with the oxyhorn-
blendes stating: 'Thne barkevikite may conveniently be included in the
same group (oxyhornblende). Thne members of the group have 2lso been
named oxyhornblende because of their high content of Fep0; being as-
cribed to a reduction of OH and a contemporaneous oxidetion of Fe.!

This may explain the low water content; hovever the Fep0Os; content is

too low to compensate for the low combined water and therefore, the
water determination is felt to be in error. The optical character of
the New Idria materiel wnen compared with other published duta on barkevi-
kites shows good agreement.

Tne metamorphic rocks from the district are largely characterized
by glaucopharne or crossite as an essentiel mineral. These two amphi-
boles usually form es a result of low-grade metamorohism of the grey-
wackes or basic igneous rocks of the Frenciscan formation and do not
form coarse crystals that can be distinguished in the hand specimen but
impart a characteristic bluish cast to the rock. Extremely fine hair-
like crystals of crossite were found in the vugy cavities of the natrolite
vein at the Gem mine and here agzin the individual crystels could not
be distinguished except under the microscope. Time did not permit a
comprehensive study of these amphiboles and the optical properties of
the crossites and gloucophznes are given in Tables 15 and 16. The opti-

cal constants of these blue =mphiboles compare favorably with the published
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data for crossite and glaucophane (Switzer, 1950), although the amihi-
boles from (RGC~50-50) and (RGC-21-50) show anomalous optic character
that fits neither gleucophane nor crossite. Further chemical and optical
study of these amphiboles is needed, since the present published date

are not complete enough to characterize these gpecies by optics alone.

MICA AND CLAY GROUP

The sheet structure minerals are quantitatively the most important
group within the serpentine. Individual localities will not be listed
except where analytical work was performed, since these minerals ere sc
common. The mica and clay minerals of this district may be divided into
two distinct groups, (1) those making up the serpentine, (2) those found
within the metasomatic bodies that have formed at the expense of the
serpentiiie. 1L is assumed, that antigorite and chrysotile making up
the serpentine, crystallized during the change of the ultrabasic rocks
to serpentine; whereas the chlorites included in the sgecond group
crystallizeg during the metasomatic replacement of the serpentine.

Antigorite is the most abundant mineral in the serpentine making up
80 to 95% of the rock. Antigorite produces a variety of textures within
the serpentine, where it does not pseudomorph olivine; hovever, where
pyroxenes ere present, bastite assumes the form of the original pyroxene.
Coarsely crystalline antigorite characteristicaelly forms flaky fan-like
aggregates whereas the finer-grained antigorite commonly shows felt-like
aggregates composed of minute flakes (Pl. VIII, Fig. 3). Rarely large
blade-like antigorite areas are found within the fine-grained facies.

Shearing. is commonly present in the antigorite masses and a distinct
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fabric is formed with the schistosity parallel to the alignment of the
antigorite., Identification of the antigorite is facilitated by its
characteristic erystelline form and optical character which is distinet
from chrysotile. Antigorite was not found in any of the metasomatic
chlorite-rich bodies within the serpentine formed under static conditions.

Brindley (1951) points out that antigorite does not have a structure
similar to chlorites but more closely resembles that of the kaolin group
minerals. Since X-ray techniques were not used in the identification of
these minerals, antigorite is included in Figure 4 with the other chle-
rites to compare their composition. No analytical work was completed
on the antigorite (Table 17).

Chrysotile is included in this group although it cannot be con-
sidered & true chlorite-type mineral. Chrysotile is most commonly found
as a product of the serpentinization of olivine, forming small veins in
the fractures within olivine with a fibrous sturcture normal to the vein
walls. Where olivine is completely replaced by chrysotile, it assumes
a web-like structure roughly pseudomorphing olivine (Pl. VIII, Fig. 2).
Chrysotile also commoniy forms irregular veins, up to four inches in
width, that cut the serpentine and in this case approaches an asbestos-
forn character. Identification of chrysotile was verified by its opti-
cal properties, and mean indices determined on several specimens are:
alpha 1.562, and gamma 1.569.

The chlorites received a more intensive study, since they make up
a large bulk of the interesting metasomatic bodies. Winchell's (1951)
classification was used to chemically categorize the varicus chlorites,

since it was possible to determine their chemical composition by their
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FERROANTIGORITE DAPHNITE
H,Fe.Si,0 H, Fe, Al SiO
4 4

100 2 ° 80 60 40 20 #0777
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/F-:ETASOMATIC ROCKS

40 / . \\C‘ - = ——160

20

-SERPENTINE

Mo S o 20 40 Mol.% 60 80 100

H4 9,51,04 HaMg,ALLSiOg

ANTIGORITE AMESITE
FIGURE 4. NEW IDRIA CHLORITES PLOTTLCD ON WINCHELLS CPTICAL

AND CHEMICAL CLASSIFICATION FOR CHLORITES. THE
OPTICAL DATA FOR THESE CHLORITES 1S GIVEN IN TABLE IT.
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optical properties. More recent vork on chlorites by Hey (137%%) has
produced a better classiljcation but chemical analyses are needed in
order to utilize this system. However several semi-quantitative spectro-
graphic analyses on these chlorites (Pl. IV) show that Winchell's
system can be used with some degree of confidence to reflect the compo-
sition of the chlorites, Table 17 gives the recorded optical data on
chlorites and related species, which in turn are plotted on Winchell's
diagram (Figure 4}. Ficked samples were also used for X-ray diffrac-
tion study in order io establish a difference in their respective
patteras; however,; no sharp differences could be detected. Brindley
(1951) suggests that the difference in intensity ol the basal spacings
of the higher order (00l)} reflections might be used to distinguish the
different chlorite species, aithough this avprouch did not produce
conclusive results in this study.

The chlorites in the metasomatic bodies are well developed and
they make up 80 - 90% of some specimens. Some bodies, viz., (RGC-T79-51),
(RGC-70-51), and (RGC-56-50) have well developed crystels of penninite
or cliﬁbchlore, up to a centimeter in diameter, that form perched
‘books! lining cavities, The texture of the chlorite-rich rocks is
quite variable and grades from rocks showing a strong preferred orienta-
tion to others where the chlorite forms in a vugy cavernous rock with
well formed platelets o chlorite at random orientation.

Penninite and clinochlore, the only species found as well developed

crystals, show twinning in all specimens examined and this is manifested
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Figure 5. Camera lucida drawing of kammererite showing its
formation from chromite. Note small patches of
uvarovite within the kammererite. (X 4O)
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teristic pink to lavender color.

A chemical analysis of the kammererite and optical determinations
are given in Teble 18. Tne structural formula of the kammererite was
celculnted on the besis of 18 (0,0H,F) atoms to the unit cell and the
analysis shows fair agreement with the ideal formula; the OH group is
slightly low and the octahedral positions are above tne theoretical value
of 6.00. Substitution of Al for Si in the letrshedral positicns ic
necessgary to completely fill the four Si positions assigned to the ideal
formule. Cr substitutes for Al in the octahedral positions and the
tebulated analyses of kammererite from the literature (Table 19) show
a general decrease in Al with an increase in Cr. Tne optical properties
of the tabulated kammererites do not show a distinet correlation with

their Cr content.

NATROLITE

Natrolite is a comnon mineral in three distinct localities within
~the district and at all three it forms stubby equant crystals—a somewhat
rare form, since natrolite is characterized by its aciculer habit. Tne
vein-materiel from the Gem mine is comrosed mostly of notrolite where it
"forms beautiful cockscomb coztings in the vugy parts of the vein. Almost
perfect single crystals of natrolite are present in late deuteric veins
within the syenite where they are associated with anslcite and acmite.
Jadeite veins contain well developed fan-shaped aggregates of natrolite
associated with thomsonite, slbite, and enalcite. Tnhe natrolite crystals
from the syenite were examined in detail and the physical properties sre

listed telow. The crystals {rom the syenite and Gem mire shov twinning



TABLE 18. CHEMICAL AND P:YSICAL PROPERTIES OF KAMMERERITE
(RGC-50-20) .

WT. 4 METAL ATOMS IDEAL
$10, 32.12 3.10
J .90 }u.oo k.00
Al503 13.13 1.48 :
-8
CI‘203 5-95 -1*5
Feals 1.27 .09
6.30 6.00
Fe0 1.50 .12 F
Mz0 55.08 5.05
Ca0 .05 .01
NiO .04 - ’
a0+ 11.12 7-16 } 7.16 8.G0
Ha0- .04
100.27

ANALYST - -R. G. Coleman

ALPHA = 1.585 % .002 X = PINK

BETA = 1.589 Y = COLORLESS
GAMMA = 1.589 Z = COLORLESS
v = 10° OPTIC SIGH = (-)

DENSTIY = 2.56 * .0l (pycnometer 25.2°C)
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Wnicrh {s unusual Tor natiroli<e. The gamma index for both the Gem mine
and jadeite vein-material is 1.k83 ¥ €.0C2, identical with the gamma
index for the sysnite natrolite. Qualitative spectrosraphic examination
of these three na:irolites stiows no minor or trece elements which might
produce this unusuzl crystsl form.

Matrolite from syenite

Alpha - L.476 ¥ 0.0c2 27 = 569 (+)
Reta -~ 1.L78 Z=-c
Camma - 1.488 Optic plane pzrallel (010)
Qirefrincence - 0.012 Twinning - Composition

- o plane (110) with twin axis
110 A 110 - 88°17! L1 to the {110) plane.

111 N 110 - 65°10!
Density - 2.23 to 2.25 (Perman Balance)

IDOCRASE

Idocrase has been identificd in four calc-silicate bodies within the
liew Idria District: (RGC-37-50), (RGC-56-51), (RGC-92-52), and {RGC-109-52).
Two distinct iypes of idocrase are present, (1) pele green massive mate-
rial intergrown with chlorite, calcite, and diopside; end (2) dark reddish-
orown euhedral crystals présent in open veinc end vugy areas of the calc-
silicate rocks. The massive pale green meterial has normal optical con-
stants and the X-ray pettern matches the standard for idocrase, although
the reddish-brown material has higher refractive indices and is biaxial.
Spectrozraphic determinations on three of these samples show varying e-

aounts of Ti which can be correlated with the optical anomzlies (Table 20).
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TABLE 20. VARIATION IN THE OPTICAL CONSTANTS OF IDOCRASE
WITH Ti CONTENT.
RGC-37-5C  RGC-92-52  RGC-109-52

EPSILON 1.719 1.720 1.729

OMEGA 1.721 1.726 1.7%2
UNTAXIAL BTAXIAL BIAXIAL

2v 0 2-5% 10°

TL % 1 2 5

Ti determined spectrographically.



The powder X-ray patterns of the two biaxial idocrases show a slight
shift in the lines which can be seen visually but the measurements fall
within the limits or accuracy. This suggests that there is an expansion
of the idocrase structure, similar to that found in the andradites, in
order to accommodate the excess titanium. Further work needs to be
completed to establish definite relationship between optics, unit cell,

and titanium content.
=4 MINERAL

A new mineral species was discovered associated with benitoite and
natrolite from the Gem mine. The X-ray pattern and optical character of
this mineral does not match any or the described minerals in the litera-
ture. Unrortunately only a very small sample was found and insufficient
material was available for a complcte chemical analysis. ‘The mineral is
a shiny blue-black with a blue 3ireak forming elongated crystals in small
radiating clusters. The hardness or the mineral is 3-4 and density 4.15.
Qualitat{ve chenical tests indicete that Ti is a major constituent. The
optical constants of the mineral are listed:

Alpha - 1.830 + 0.002 - colorless to light yellow

Beta - 1.900 - reddish yellow

Gamma - 1.927 - deep indigo blue

v - 68° (-) Z2>Y>X

Birefringence - 0.097 Parallel extinction Z = ¢

This same mineral n.s been found in well cuttings from the Ccalinga
0il field by C. 0. Futton (personzl cormunication), probably e detrital

fragment derived from the Genm mine locality. Further searching of the
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Gem nmine was unsuccessful in producing additional material for study.

MINERAL LIST

The following lists tabulate all of the minerals identified in the
various rock types, i.e., serventines, metamorphic rocks (Franciscan
type ), syenite-camptonite, and metasomatic rocks. The formulas given

for each specics are taken from Hey's (1950) classification.

SERPENTINE
Magnetite 8(Fes04)
Chromite 8(FeCra04)
Picrochromite 8(MgCr204)
Calcite 2(CaC03)
Magnesite 2(MgC03) "
Hydromagnesite 2(Mgs(C0a )4 (0H)2+4HR0
Olivine k{ (Mg,Fe)2Si04 ) - FoggFayo to FoggFapzg
Kntigorite 16(MgsSiz0s (OH)s )
Bastite Near (Mg,Fe)Si0a+k-5Hz0
Chrysotile 2(MgaSiz0s (OH)s )
Penninite 2( (Mg,Fe",ALl),2(51,A1)g022(0H),6)
Kammererite Near Mgz s(ALl,Cr)Si; s05(0H)4
Andradite 8(CaaFe"' 28130, 2)
Uverovite 8(CasCraSis0y2)

Glaucophene 2(NHaa(Mg,Fe" )3A128ig022(0H)2)




Aluite
Quartz
Pumpellyite
Pyrite
Lawsonite
Glaucophane
Crossite
Actinolite
Tremolite
Pigeonite
Acmite
Jadeite
Epidote
Zoisite
Clinozoisite
Prehnite
Muscovite

Chlorite

Stilpnomelane

Garnet
Thomsonite
Hatrolite
Analcite

Hydrogarnet

-~
(=13

METAMORPHIC ROCKS (FRANCISCAN TYPE)

L(NaAlSiz0g) - up to Anjg.

3(5i02)
Ca4q(Al,Mg,Fe)gSig02a [OH)a 2HS0
L{FeSy)

L(CaAl2Sis0g(0H) )
2(Naz(lg,Fe")3A155i8022(0H)2 )
2(Haz(Mg,Fe")s(Fe"' ,A1)2Sig022(0H)2 )
2(Caz(Mg,Fe)s551g022(0H)2)
2(CagzMgsSia022(0H)2)

8( (Mg,Fe,Ca)SiOs )

k(NaFe™"' Si20g)

L (HanlSi20s)

2(Caz(Al,Fe)35i30,20H )
k{CanAlaSiz0, 208 )

2(CagAlsSig0,20H )
2(Caz4125130,6(0H)2 )
L(KA135i30,0(0H)z) - includes sericite.
Species not identified.

Near K(Fe",Fe"',Al)105112030(0,0H) 2
Species not identified.

% {NaCapAlsSis0o06H0 )
8(NazA12Si3010°2H20 )
16(NaAlSiaOgeHa0 )

8(CaaAl2Sis_x012-4x(0Hjax), x up to 3
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Plagioclase Ans to Angg

Analcite 16(NaA1Siz813010 +220)
Natrolite 8(NazAlzSia030-2H0)
Prehnite 2(CazA155i30,0(0H)2 )
Zoisite " 4(CapAlaSis0y20H )
Clinozoisite 2(CazAlsSia0; 208 )

METASOMATIC ROCKS

Magnetite 8(Fes04)
Ilzenite 2(FeTiOs)
Rutilc  2(Ti02)
Perovekite 8(CaTiOs)
Calcite 2(CaCos)
Dolomite (CaMg(CO03)2)
| Apatite 2(Cas (P04 )aF)
Sohene L(CaTiSi04(OH,F) )
Benitoite - 2(BaTiS130s)
Neptunite 3( (Na,K)a(Fe",Mn)TiSis013)
Joaquinite L (NaBaTiS140,5)
Chevkinite Near {Fe",Ca)(Ce,la)z(Si,Ti)a0g) ?
Zircon 4(7rsi0s)
Titanian andradite 8(cag(Fe"' ,T1)2(51,Ti)3012 ) TiO2 up to 1ug
Andradite 8(CasFe" 28130;2)
Idocrase -b(Cayo(Mg,Fe" ,Fe"' , )2A14815034(0H)4) up to

5% Ti substituting in structure.

Diopside i (MgCaSiz0g)



Natrolite
Stilpnomelane
Clinochlore
Delessite

Rumpfite
{Leuchtenbergite)

renninite

Pyrochlorite
(Ripidolite)

P

o7

8(NazA125150;02H20)

Near K(Fe'",Fe"' ,Al);051)2030(0,0H);2
2( (Mg,AL, Fe")y2(S1,A1)g020(0H)16 )
Near (Mg,Fe")s3,sA1aSia010(0H)g

2( (MgyoAlz)(AlzSig)020(0H) 6 )

2( (Mg,Fe",Al);2(81,A1)g022(0H) 16 )

2( (Mg,Fe")9AlgSis020(0H)16 )
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PETROLOGY
Franciscan type rocks

The New Idria District contains a heterogeneous group of rocks
with lithologies similar to those of the Franciscan formation. From
stratigraphic evidence, the oldest formation exposed in the district is
probably Franciscan in age, although there is no direct fossil evidence
to corroborate this assumption. The bulk of this formation is made up
ot sedimentary greywackes accompanied by minor amounts of greenstone,
cherts, and schists containing gleucophane. They are found flanking
the serpentine and show 2 universally faulted contact relationship. Many
tectonic inclusions within the serpentine have lithologies similar to the
peripheral Franciscan rocks; and therefore, have been included in this
discussion of the Franciscan rocks.

Tne Franciscan type rocks have been divided into threce categories
for convenience of discussion, (1) rocks peripheral to the serpentine,
(2) tectonic irclusions within the serpentine, and (3) Jadeite bearing

rocks within the serpentine in and near the tectonic inclusions,

Peripheral Franciscan rocks

Tue major rock type found in this category is a sedimentary greywacke

characterized by a £rown to gray cast and containing abundant secondary
quartz veinlets. Many isolated lenses of thin-bedded chert are found

interbedded with the greywacke. These chert beds may reach a thickness
of 100 feet or more in this district, Taliaferrc (19%5) has pointed out

that these cherts probably formed es & result of thie volcanism attendant
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during the Franciscan time of deposition.

Altered volcanic rocks are sparsely interbedded with the greywacke
and are characterized by light green color and dense texture. Alteration
of these rocks has produced a rock that may be best described as a
spilitic greenstone.

Small isolated patches of schist are commonly found within the
greywackes and these appear to be concentrated along the Franciscan-
serpentine contact; however, nc regular spatial relationship could be
established between the schist zone- and the local structure. These
schists commonly contain glaucophane as a mz2jor mineral and are usually
referred to as glaucophane schists, All of the Franciscan rocks within
the New Idria District show evidence of low-grade dynamothermal metamor-
vhism and it may be that these local schist zones are areas that have
undergone & slightly more intense pulse of shearing and pressure. No
field evidence was foun& in this district to support Taliaterro's (1943,
P. 182) view that these schists have formed by pneumatolytic action
resulting from the serpentines emplacement.

It is not the purpose of this paper to discuss the origin of the
glaucopnane schists, one of the unsolved problems in wmetamorphic petrology;
however a Sriefl petrographic desecription of the major rock types is given.

The peripheral Franciscan rock types are divided into five groups
as follows:

Group I*

Greywacke (RGC-26-50)
do. (RGC-39-50)

*#Sample numbers may be located in Plate I.
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Group I (continued)

Greywacke (RGC-20-50)

do. (RGC-18-50)

do. (RGC-k9-50)

do. (RGC-4C-50)
Group 1I

Chert (RGC-21-50)
Group III
Greenstone (RCGC-22-50)
do. (RGC-T3-51)
do. (RGC-21-50)
Groun IV - Schists
Glsucophane-chlorite-muscovi »-sphene {RGC-60-51)
Glaucophane-chlorite-garnet-pyroxene (RGC-75-51)
Glaucophane-crossite-lawsonite (RGC-51-50)
Glaucophane-muscovite-lawsonite (RGC-80-51)
Group V - Schists
Calcite-glaucophane-stilpnomelane (RGC-21-50)
Quartz~stilpnomelane-lawsonite (RGC-29-50)
Albite-glaucophane-chlorite (RGC-80-51)
Tremolita (RGC-62-51)
Group I - The greywackes are brown to dark gray and tend to show a very
crude schistosity or a platy direction of fracture. Secondary veins of
white quartz commonly cut the bedding or may extend along the bedding
planes. Angular to sub-angular quartz, the most abundant mineral, almost

universally shows strong undulatory extinction and forms sheared augen
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with mortar structure. The quartz in the secondary veins shows similar
features., Plagioclase makes up 23 or more of the greywacie; it usually
retains its original twinning, although determination of 1tvs former com-
position is difficult due to alteration. Seussuritization is typical of
all the feldspars and dense aggregates of clinozoisite and epidote form
within the crystals. Index determinstions on the altered feldspar shows
it to be albite (Ans.jg). Lithic I[ragments of andesite and basaltg are
abundant and detrital chert fragments (RGC-20-50) may be locally abundant.
The matrix of these rocks is 'pasty' and is molded around the larger
detrital fragments. This matrix is a finely crystalloblastic, dense mass
consisting mostly of clinozoisite, sericite, chlorite, sphene (leucoxene),
and iron ores. Shear planes that have developed are manifested by semi-
opaque dark brown bands containing iron ores, sphene, sericite, and
occasionally wisps of glaucovhane and stilpnomelane (RGC-25-50) and
(RGC-39-50).

This cursory examination strongly indicates that the greywackes
surrounding the serpentine have undergone a low-grade dynamothermal meta-
morphism, that is comparable to that in Hutton'!s (1940) Chlorite sub-
zone Chl. 1.

Group II - The chert is thin.bedded, often rhythmically interbedded with
shale, and it may be red or brown like jasper, but more often green, light
gray, or blackish. It is composed of cryptocrystelline quartz and chal-
cedony with a fibrous structure. Many small euhedral platelets of chlorite
are dispersed within the chert and also concentrated in thin sinuous lines
with small magnetite grains., Many small secondary veins of coarser-
grained quartz cut the fine-grained groundmass of these cherts, Radio-

larian tests were not seen in the section studied, although Teliaferro
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(1943, p. 147} reports that they are common in Franciscan cherts.

Group III - The greenstones are dense fine-grained rocks cut by white
reticulated veins. Clinozoisite and albite form a dense crystallo-
blastic groundmass and in some instances relict diabasic textures are
discernable, with relict pyroxenes apparently unchanged. lMinor sphene,
chlorite, and quartz are also present., Foliation, lineation, or
schistosity is not developed within these rocks. Preserved cavities
reminiscent of original vesicular volcanic rocks are not uncommon. The
reticulated veins contain quartz, calcite, and albite in that order.
These rocks are probably altered fine-grained volcanic rocks similar to
spilitic basalts.

Group IV - Most of the schist zones, less than 100 square yards in
areal extent, are characterized by a light blue to gray color and
exhibiting a rairly well developed schistosity. The dominant glaucophane
(P1. VI, Figs. 1 and 3) forms well developed crystals and produces a
lepidoblastic texture in these rocks. Crossite commonly accompanies the
glaucophane either as discrete crystals or zonally arranged on the
glaucophane (RGC-51-50), whereas large, well crystallized plates of
chlorite and muscovite (Pl, VI, Fig. I) form the interstitial areas
between the amphiboles. Porphyroblastic garnets (Pl. VI, Fig. 2) developed
in (RGC-T75-51) show some evidence of retrograde change to chlorite.
Jadeitic pyroxene found rimming glaucophane in (RGC-73-51) appears to
contradict the evidence of retrograde change in this rock; although it

is not clear what P-T conditions are favorable to formjdeite. IlLawsonite
forms colorless square tabular crystals and anhedrel aggregates (Pl. VI,

Fig. 1) interstitial to the amphiboles, and it seems to have formed later
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than the cther constituents. dioblastic crystals of sphere are uni-
versally present (Pl. VI, iz, 2 and k) and may meke up 1G, of the rock.
nese metamorphic schists characterized oy glaucophane-chlofite,
contain no relict minerals or textures and sppear <o have teen completely
recryscallized by lov-grade chlorite zone metaworchic processes.
Group V - This group contzins diverse rock types showing individual
characteristies. (R3C-60-51) was probably a quartz-albite-zlaucorhane
rock tnat has been brecciated and subseguently replaced, in part, by
calcite. Stilpnomelane has forred contemporaneously with the carbonzte.

An albite-cnlorite-slaucophane schist (RGC-80-51) is similar %o
Group IV rocks, except for abundant albize. Tne quartz-stilpnomelane-
lawsonite schist (RGC-29-50) forms a small selvege in a large mass of
slichtly metamorphused greywacke where it has completely recrystallized
with a well developed schistosity.

Tre tremolite schist, the only monomineralic rock fourd, is coarsely
erystalline with a lepidoblestic texture. A feint bluish tint is de-
veloped around the borders of the individual crystals, suggesting late

introduction of Ha.

Tectonic inclusions

Present within the serpentine are numerous foreign rock bodies of
varieble size and shape; the largest mass is about five acres in areal
extent and the smaller bodies are less than 1CC square yards. The distri-
bution of these inclusions is entirely random and the observed attitude

of their structural trenis is also random; however, the larger hodies
}
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Figure

Figure

Figure

Figure

Th

Photomicrographs of peripheral Franciscan schists.

1.

2.

Glaucophane-crossite-lauvsonite schist. Prismatic
gray crystals are glaucophane with borders of
crossite. Iawsonite fills the interstices. Plain
light (X 80).

Glaucophane-chlorite-gernet-pyroxene schist.
Idicblastic garnet -uuws incipient alteration to
chlorite. large, high relief crystal diagonal
to the field is sphene. Interlocking prisms of
¥laucophane are present in the upper pert of the
field. Plain light (X 80).

Albite-glaucophane-chlorite-miscovite schist.
Idioblastic grains of gleucophane associated with
albite and muscovite. Plain light (X 80).

Glaucophane-chlorite-muscovite-sphene schist.
Iarge warped plate of chlorite ccntaining grains

of sphene. Plain light (X 80).
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stictution ol the serrentine to chlorite and andreodite.
al:ng shiear wlanes of the serpentine up to ten feei away from the conzact.

Careiful field examinztion of these contacts revealed nc 2vidence of con-

evidence no indicete magnesiun metasomztism Within the included rocks,
alillouzs tnere aprears Lo have bewd sote LovenzEnt of clements Cron Lhe
tectonic inclusions into the serrentines as there is local development
of soda-rich nyroxenes near the contacis.

The roture of these foreign rock bedies sujgests that they are tectonic
inclusions, similar ‘o Brother's (1¢5k, p. 615) glaucorhane schisc bodies
within the serrentine of the Barkeley Hills, California. The direction of
movement of these tectonic inclusions vithin the serpentine is extremely
kard to interp;et. The generzl shape of the inclusions, usuzlly elonzate,
tabular wiil verticzal tedding or schistosity, suggests a downward moveuent
ar., therefore, it anpears that these inclusions have fourdered from the
roof ol the serpentiine mass or have been dragged around into rparallel
tosition with the bounding thrusts yet immersed in a2 mass of semi-plastic
serpentine., It is difficult o imegine under what conditions the present
serpentine was empleced in the country rockas it is evident that it was

not a ragmz at that time. If the inclusions were brouzat up from depih,

a hirher grade of mezamorphism should be present in them., The observed
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Tc iz nassuned Tl the tactonic inclusions vere derived Trom the
renciscan formation, on accoun~ of similerity of
coarosition. The Zrade of metanornhicm is similer o that found in e
reripheral Franciscan rochks; novever,the mziavworphic minerzls wizhip the
.ectonic inelusionc are ruch finer Sraired “han those in ihe reoriphecnl
rocits (compare Fls. VI and VIT). This susrests that the mericd of meto-
[1R43 S ¥ale

morphisa was zhorster lived on ko tectonic inclusions than

e uwaln rock tyres found wihin these tectlenic inclusions are groused

<o their similarity luo ninzralogny.

Crourn I
pyroxene-puasullyite (357-53-31)

: pyrezenc-albite-chlorite (R3C-335-51)
cilorite-punrellyi‘ie-lawvsonite-spherne (RGC-107-52)

oyroxenc-albite-~chlorite (Gem mire)

s2tbro-saussuritized (Sem mine)

quarTtz-2lbite.zoisite-chlorite (R30-28-52)

quariz-zlbite.chlorite-aciinolite (5G2-£8-.50)



Group 1II (continued)
quertz-albite-chlorite-sericite (RGC-77-51)
quartvz-albite-chlorite-zoisite (RGC-93-52)
quartz-sericite-chlorite-albite (RGC-107-52}
Group III
albite-quartz-stilpnomelane-tremolite (RGC-108-52)
albite-quartz-crossite-acmite (RGC-32-30)
albite-quartz-glaucophane-stilpnomelane (RGC-76-51)
Group IV
albite-jlaucophane-actinolite (RGC-31-52)
albite-glaucophane-acmite (RGC-5L-51)
albite-glaucophane-acmite-stilpnomelane (RGC-32-50)
albite-glaucophane-stilpnomelane (RGC-54-31)
albite~glaucophane-epidote (RGC-54-51)
albite-glaucophane-crossite (RGC-99-52)
albite-glaucophane-epidote (RGC-106-52)
albite-crossite-epidote (Gem mine)
albite-crossite-glaucophane (RGC-50-50)
Group I--These rocks are characterized by a lignt to dark green color
and relict igneous textures tnat reveal the original nature of the rock.
The texture and mineral composition indicate that they were medium- to
fine-grained rocks ranging from gabbro to augitites in composition.
Relict pyroxenes are abundent and usually shov little or no alteration.
Optical and X-ray determinations on these pyroxenes establishes their

composition as varying from aegirine-augite to pigeonite. Albite hss
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calculzted compositions Tren their medes are simi
Jroup II--This group includes greyvacke-typ2 rocks that are gray to brown,
medium-5rained rocks havipg a crude foliation and schistosity. Thin quar:cz
veins are abundant in most of these rocks. Quartz and plagioclase are

The most abundant cunstituents accompanied ©y lesser amounts of zliered
lithic fragments and fine.grained chlorite, sericite, zoisite, and
.ctinolite. & weak dynamothermal retemoronism has partially recrystzlliced
the finer constituents, but the original character of the rocks is easily
ascerzaired. Tne rocks are greywackes, for they are composed cf clastic
qua;c: and feldspar (257 or more) accompanied by alc fragments.and the
intergranular .emeni is made up of a vaste or titurated equivalents of
the above mentioned minerals. The greywackes exhibit recrystallizstion
along the shear planes and the pasty intergranular cement is crystallo-
blestic. Glaucophane {RGC-T7-51) has formed fine needles in the shear
zones and tufts around the periphery of the detritel pyroxenes in resconse
o dynemothermal metamorphism. The greywackes within the tectonic in-
clusions are sinilar to those described by Hutton (1S40} and could e

classed in his Chlorite sub-zone Chl. 1. Tnese rocks chow slightly higher
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metamorvhism than the peripheral greywackes.

Group III--The rocks in this group are characterized by their bluish to
srey coloration and by the monderately to well developed schistosity and
foliation. Tne schists are fine-grained compact rocks and many contein
late fractures filled by quertz, calcite, or prehnite. The quariz and
aloite in the schists zre completely recrystallized and only rare
porphyroclasts of quartz remain. Usuazlly the quartz and feldspar serpa-~
rate into folia arnd the crossite, glaucophane, and stilpnomelane form
alons; the shear plancs that are still recognizable by the abundance of
opague waterial siill uncombined with the recrystellized niinerzls. Acmite
is opresent as a stable relict mineral forming porphyroclasts that may or
TAY not haﬁ: 'whiskers' of glaucophanre growing out Ifrom the surface

(

nature of these rocks elthouszh they seem to be the metamorphic eguivalents

- [3

1. Y1Ii, Figs. 1 and 2). I is difficult Lo determire the original

13}

of the quartzo-feldsvathic greywackec. These schists show a slightly
nigher rank metamorphism than that observed in the greywackes, tut still

in the Chlorite zone of metamorphism (Chlorite sub-zone Chl. b, Hutfon,
19:0).

Group IV--The schists in this group are quite similar to those ir Groun
III; fipe-grained, bluish to grey, and moderately developed schistocity

ard foliation. Alb‘te is the most ebundant mineral Zorming crude segre-
getion bands. Guartz is minor or lacking in these rocks and when present

it hos been complately recrystallized. Relict celeic-plagioclase was not
Tound in this group. Glaucophane is the dominant dark mineral foraing deli-

cate reedles zlong the shear planes, aggregetes of fibrous tundles, or
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as "whisker-like" mats around relict pyroxene grains (Pl. VII, Figs.

1 and 4). Crossite is commonly associated with glaucophane and in

many instances a small needle-like crystal may have a core of glau-
cophane and a rim of crossite. Acmite and pigeonite appear as de-

trital relicts and shovw only incipient recrystallization to glaucophane
(PL. VII, Figs. 1 and 2). Epidote forms equigranular aszgregates along
the shear planes and has apparently formed at the expense of calcic-
feidspars and mafic minerals. These schists seem tn be the metamorphosed
equivalentsiof quartzo-feldspathic sediments that were unusually rich in

feldspar and ferromagnesian miperals,

Jadeite-bearing rocks

Jadeite was first reported from California by Mielenz (1939) as an
essential constituent in a gquartz-albite-jadeite schist from the
Franciscan formation in San Benito County. Bolander (1950) reported
jadeite boulders along Clear Creek in the northwestern part of the
serpentine (see Fiate I). ‘Following the article by Bolander, considerable
interest was aroused and in 1951 Yoder and Chesterman described the oc-
currence of Jadeite-bearing rocks, in place, along the banks of Clear
Creek near Bolander's original discovery. )

Yoder and Chesterman (1951) raported eight large eipoéures of jadeite
in the canyon of Clear Creek. Several more bodies near the originul site
and one large isolated mass near Santa Rita Peak (RGC-84-52) were dis-
covered during this investigation.

Tne jadeite is found in two distinct occurrences. (1) Lens-like
bodies having an irregular vugy surface and completely surrounded by

sheared antigoritic serpentine, The ceatrzal portion of these bodies contains
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as "whisker-like" mats around relict pyroxene grains (Pl, VII, Figs,

1 and 4). Crossite is commonly associated with glaucophane and in

many instances a small needle-like crystal may have a core of glau-
cophane and & rim of crossite. Acmite and pigeonite appear as de-

trital relicts and show only incipient recrystallization to glaucophane
(P1., VII, Figs. 1 and 2). Epidote forms equigranular asgregates along
the shear planes and has apparently formed at the expense of calcic-
feidspars and mafic minerals. These schists seem to be the metamorphosed
equivalents of quartzo-feldspathlic sediments that wera unusually rich in

feldspar and ferromsgmesian minerals.

Jadeite-bearing rocks

Jadeite was first reported from California by Mielenz (1939 as an
essential constituent in a quartz-albite-jadeite schist from the
Franciscan formation in San Benito County. Bolander (1930) reported
jadeite boulders along Clear Creek in the northwestern part of the

serpentine (see Fiate I). Following the article by Bolander, considerable

interest was aroused and in 1951 Yoder and Chesterman described the oc-
currence oi Jjadeite-bearing rocks, in place, along the banks of Clear
Creek near Bolander's original discovery. .

Yoder and Chesterman (1951) reported eight large ekpoéures of jadeite
in the canyon of Clear Creek. Several more bodies near the original site
and one large isolated mass near Santa Rita Peak (RGC-84-52) were dis-
covered during this investigationt

The jadeite is found in two distinct occurrences. (1) Lens-like

bodies having an irregular vugy surface and completely surrounded by

sheared antigoritic serventine. The centrzl portion of these bodies contains



PIATE VII. Photemicrographs of schist from tectonic inclusions.

Figure 1.

Figure 2.

Figure 3.

Figure k4.

Albite-glaucophane-pigeonite schist. Groundmass
of colorless albite containing relict graias

of pigeonite. Alteration by metamorphism has
produced ‘whiskers' of glaucophane around the
pigeonite. Plain light (X 100).

Albite-glaucophane-crossite schist. Groundmass
of albite containing relict grains of pyroxene.
Glaucophane and crossite 'whigkers! forming on
the pyroxene ia response to metemorphism. Plain
light (X 100).

Albite-glauccphane-epidote schist. Groundmass
of albite containing 'bundles' of glaucophane.
Irregular shear 2zones contain iron oxides and
epidote. Plain light (X 100).

Albite-glaucophane-actinolite schist. Groundmass
of albite cut by sinuous shear zone where needles
of glaucophane and actinolite are concentrated.
Plain light (X 100).
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an irrezular 'eye' of crushed jadeite (Figure 5). (2) Veins of jadeite
around the periphery ard central portions of tectonic inclusions (Fig. 7).
ne lens-like todies (Figure 6) form bold resistant outcrops within
the serpentine and have a very indistinci contact with the serpentine
country rock; near the contact the serpentine is blackisb and zlassy con-
taining antigorite surrounding blebs of chrysotile. The contact zone is
composed of earthy veathered material that apparently has undergone ex-
treme crushing and shearing. Andradite garnet is present within the ser-
pentine near this contact zone. Yoder and Chesterman (1951) --eport a
contact zone containing grossularitce, lavsonite, puanpellyite, znd a zreen
amphibole. Tne outer zone of the lens 1s couposed of a tougn, greenish
to brown, fine-grained rock composed essentially of fibrous prehnite,
hydrogarnet, and sphene with minor emounts of biotite altering to chlorize.
The spnene seems w0 be relict as it is in distinct bands reminiscent of axn
original metemorphic structure. Tne outer zone grades impercertibly into
a similar rock that is brownish with a caverrnous weathered surface. The
groundrass is composed of irregular grains of fully hydrated thomscnite
containing inclusions of fibrous prehknite. Relict grains of sphene are
rresent as residual crenulated, segregated bands,egzin suggesting in-
herited metamorphic structure. Minor amounts of chlorite may ve found
in the interstitial areas of the rcck.

The central rortion of the lens-like body is compcced of an 'eye'! of
greenish Jadeite. The jadeite 'eye! is monomineralic except for extremely
thin veinlets of biotite. Two generations of jadeite can be distinguished;
(1) greerish jadeite tikat has been crushed end fractured, (2) white jadeite

regling the fractusied and crushed Jedeite. The zreen jadeite is cloudy and
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SKETCH OF LENS-LIKE JADEITE BCOY

EXPLANATION

Serpentine oulcrop.

Weathered serpentine,
Jadeite.

Thomsonite - prehnile veins,

Border rock. {prehnite-hydrogaomet-chioritc- 5 0 S Feet
thomsonite rock.) P ;
Shearad contoct. Scale

Quicrop boundory.

Observed zone boundory.
Approzimate zone boundary. Sample location number - RGC-105-52.

Figure 6




kas abundant fine-grained cpuaue isclusions. In contrast, the white
Jadeite is clear, with very few inciusions. Opticel determinations
on the green Jjadeite reveal that it must contain some diopside and
acmite in solid solution. e

Veins, up to two inches in width, containing thomsonite, bprehnite,
and minor hydrozarnet transect these various zones in the lens and are
the latest stage of mineralization observed in the bodies. HNatrolite and
prehnite are present in veins from other lens-shaped bodies in the vicini-
ty. Tne zoned hydrogarnet from these bodies is discussed under mineralogy.

Tne banded character of these rocks and the relict stringers of
sprene in the outer-zone rocks cuggest that these lens-like bodies may
have originally been metanorphic rocks similar to others found as tectonic
inclusions within the serpentine. The mineralogy of the lens-like boay
described by Chesterman and Yoder is somewbat different than the one
studied by the author, although the general characteristics are similar
and cursory exemination of other lens-like bodies shows a varieble mineral
composition.

Individuul veins of jadeite weraz found in schist bodies elong Clear
Creek (Fig. 7). These veins are ususlly alongz the periphery of the schist
and show cross-cutting reletionships %o the enciosing schist (Fiz. 8).

The veins are quite variable in composition and color, and show irregular
form. lost of these veins are less than one inch in widthjwith local
sWwellings up to eight inches. The larger veins conizin two generztions
of jadeite, a derk green variety contzining diopside and acmite in

solid solution cut by intersecting veinlets of wrnite jedeite accoaranied

by minor enalcite znd low albite. Trhese large veins pinch and swell, and
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Figure 8.

Polished slab of albite-glaucophane-acmite
schist cut by vein of white jadeite. RNote
folia of Jjadeite developed along planes of

schistosity.
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in many places are offset by minor cross faults. Smaller veins of almost
pure white jadeite show very little fracturing or secondary veination.
The detailed relationships between the smaller veins and the enclosing
schist are shown in Figs., 8 and 9. The contact between the enclosing
schist and the jadeitc vein ig elways vory sharp and is marked by a thin
selvage of green jadeite about 5 mm in width. In places the jadeite
penetrates the achist along thc plamss of schistosity, forming small dis-
continuous folia (Fig. 8). Microscopic study of these small jadeite veins
shows that the jadeite forms normal to the vein walls and is grouped in
gemi-radiating clusters that are intimately interlocking. Albite and
analcite are commonly present in the central portion of the veins. The
albite {low albite from X-ray determinations) seems to have formed later
than the jadeite followed by analcite which replaces both the jadeite and
albite (Fig. 9). The albite in these veins is stable with respect to
jadeite as it was not found replacing the jadeite. The distal ends of
these veins may be completely lacking in jadeite and in its place are
found albité, analcite, thomsonite, natrolite, and prehnite in variable
amounts.

The large block of schist shown in Fig. 7 is composed mostly of
albite-glaucophane-acmite with minor wvariations in composition., This
block is similar to the tectonic inclusions which have been described
earlier and exhibits a well developed foliation and schistosity accompanied
by minor small-scale folding. The contact with the enclosing serpentine
is highly sheared and tremolite is developed as very fine~greined crystals
in this zone. Small elongate blebs of jadeite intergrown with antigorite

are ccrmon near the schist body and appear to replace the serpentine.
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Origin of the jadeite

The mode of formation of jadeite in the New Idria district presents
several problems, although the observed field and mineralogical data
seem to verify some of the recent experimental work on the jadeite
problem. Jadeite has been considered by many writers to bte formed only
at high pressures and temperatures because of its high density and its
* apparent association with eclogites. Yoder (1950a) has shown that
analyzed jadeites fall into two distinct groups, (1) those high in Na
and Al associated with albite and nepheline and (2) those lower in Ka
and Al associated with garnet, i,e., eclogite. The first group of
jadeites are always found associated with serpentines, the Clear Creek
jadeite ralling in this group. Since there are no eclogite facies in
the MNew Idria district or in other rocks containing Na-£1 rich jadeites,
it would seem that the formation of Na-Al rich jadeites is geparate and
distinct from the eclogite problem.

The jadeite veins in the schist are apparently formed in metamorphic
rocks which belong to a low-grade metamorphic facies similar to the sub-
zones of the Chlorite zone as described by Hutton (1940). The presence
of stilpnomelane in some of the schists cut by jadeite veins and contain-
ing folia of jadeite suggests Chlorite zone metamorphism. Quartz-albite-
epidote-stilpnomelane, therefore, are here considered as a mineral
facies characteristic of the Chlorite zone. Thus it would seem that P-T
conditions during the formation of the jadeite were similar tc those

characteristic of the Chlorite zone.
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The presence of low albite and zeolites within the jadeite veins
suggests that the pressures and temperatures following the formation of
jadeite were not excessively high. Furthermore, the enclosing serpentine
has not undergone any alteration whici: @2ay have resulted from higher
temperatures or pregsures. PBowen and Tuttle (1949, p. 459) state that
serpentine cannot be present in any iayer of the earth's crust whoee
temperature is normally above the decomposition temperature of serpentine
under the pressure prevailing. Bowen and Tuttle have also shown experi-
mentaelly that serpentine inverts to forsterite and talc at a temperatu.e
above 500° C with pressure up to 45 kilobars having little effect. Thus
from the following observations we have no positive evidence of extremely
high pressures or temperatures involved in the formation of the jadeite
from this locality, and it would appear from these observations that the
P-T conditions during the formation of jadeitc were similar to those
characteristic of the Chlorite zone of metamorphism.

Jadeite has been synthesized by Griggs, Fyfe, and Kennedy (1955)
ugsing anglcite powder at elevated temperatures and pressures, The jadeite-
snalcite boundary extends from the triple point (jadeite - nepheline +
albite + vapor -~ analcite + vapor) at about 600° C and 12 kilobars to 300° C
and 18 kilobars. Combining Yoder's (1950a) measurements cn the nepheline +
albite + water —> analcite equilibrium, and Adams' (1953) thermodynamic
calculations on the formation of jadeite from nepheline end albite under
anhydrous conditions, with that of Kennedy et al., a possible interpre-
tation of the conditions during the formation of the Clear Creek jadeite

can be made.
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Jadeite is stable and can form from analcite at temperatures from
300 to o00° C and pressures from 18 to 12 kilobars, resvectively (Griggs
et al., 1955); however if an anhydrous system is assumed, following
thermodynamic calculations of Adams (1953), it is found that jadeite
is stable at temperatures below 2k0° C and at pressures below 2000 bars.
The petrographic observations show that the jadeite in the veins could
have formed in an anhydrous environment since there are no hydrated
ninerals formed at this stage. Replacement of jadeite and albite by
later analcite suggests an introduction of water following the earlier
formation of Jjadeite. If an anhydrous condition existed during the
period of jadeite formation the thermodynamic calculations of Adams show
that it would be stable at P-T conditions similar to those postulated
for the Chlorite zone or metamorphism., ‘“lhe original reaction to rorm
the jadeite is obscured; nepheline has not been found although albite is
plentirul in these rocks.

Three possible sources for rluids responsible in the formation of
the jadeite must be considered: (1) fluids rrom the syenite intrusion,
(2) fluids residual from the process which gave rise to the serpentine,
and (5) fluids produced by metamorphism of the tectonic inclusions.

The syeﬁite intrusions are enriched in soda during the late stages of
solidirication and could have supplied fluids of the proper composition
necessary for the formation of jadeite, however, the jadeite bodies are
not closely associated with the intrusions. The apparent strong meta-

morphism accompanying the formation of jadeite is not manifest within the
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syenite rocks, and it seems that the intrusives are younger than the
formation of the Jadeite,

During the serpentinization ol the original ultrabasic rocks,
fluids may have been enriched in sodium and alumina during the late
stages and these fluids could have been concentrated in the lens-like
bodies and along the contacts of the more resistant schists where the
greatest fracturing and shearing would provide ample open spaces. The
trace element study of the serpentines revealed that sodium was below
the limit of sensitivity in all samples and it seems unlikely that ser-
pentinization could produce a concentrated [la-Al rich fluid, unless it
came from an outside source.

The close association of the jadeite with the tectonic inclusions
strongly indicates that the soda-rich fluids may well have come fron
these rocks. The minerals formed by dynamothermal metamorphism of these
rocks are in some cases soda-rich and analyses of most of the rocks of
supposed Franciscan age are extremely soda-rich ranging from 3 to 6 per-
cent Naz0 (Taliaferro, 1943, p. 136). It would appear most likely that
the sodium-rich fluids have been produced during the metamorphism of
these large tectonic inclusions. Higher confining pressures were prooabdly
developed in the tectonic inclusions than in the surrounding serpentine
because of the resistant and brittle npature or the rock when compared to
the plastic serpentine.

Jadeite was identified as a metamorphic mineral in & glaucophane-
albite schist (RGC-T7-51) and has also been reported as a metamorphic

mineral in schist from this same region by Mielenz (1939). According to
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de Roever (1955) Jjedelte has formed in quartz-albite schists from the
Celebes associated with sglaucophanic rocks. He has shown that the jade-
ite forms under metamorphic conditions characteristic of the glaucophane
schist facies.

Tne production of larger veins ard pods of jadeite may have resulted
from mobiliza“ion by metamorphic differentiation. The metamorphism of
these Lectonic inclusions probably took plece during the serventinization
of the ul;rabasic rocks and these processes may have contributed, in vart,
to the peculiar set of conditions necessary in the formation of jaleite.
The recent review of the jadeite problem by Yoder (1950a) has shown that
jedeite (Na-Al rich) is not necessarily genetically associated with
eclogites, but seems to be more closely related to serpentines. All of
the Jadeite localities, in place, described in the litereture are in or
near serpentine, and it would appear that the tectonic enviromments and
rock types characteristic of the serpentine belts produce a situation

favorable for the formation of jadeite.

SERPENTIMNES
The serpzantine body is approximately thirteen miles long and four

miles wide and-at least 2,000 feet in thickness. Various interpretations
kave been given as to the structure of this body. Taliaferro (1943) suguests
that it may be a large sill with laccolithic swelling in the thickest part
of the sill, but Fckel and Myers (1946) conclude that it is a large plug.
The contacts on all sides of the serpentine are fault contacts and nowhere
can the originel contact relations be observed (see Plate I). The bottom

of the body is not exposed and the only basis for calling it a sill is its
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sorewhat concordant relations with the Franciccan formation along the
southern border.

The serpentine occupies the center of an elongate asyrmetric dome
that forms a locual bulge in the Coalinga anticline, Its erplacerment and
its form were controlled more by the tectonic development of the Coalinga
anticline than by any other single factor. A diligent search of the entire
serpentine contact demonstrates the fact, that this contact is faulted ond
sheared and evidence of an intrusive contact between the serpentine and
enclosing rocks is completely lacking.

Tre serpentine mass must have been brought into its present rosition
by tectonic movements even though it may have been an ultrabasic "maema' at
greater depths. o field evidence can be found to substantiate the hyuo-
thesis that the serpentine was emplaced in its present position as an
ultrabasic magme which nad later been serventinized in situ.

The serpentine in this district has been strongly weathered to produce
- a terrain of low rounded hills composed of flaky serpentine debris tens of
feet thick, Scattered throughout the serpentine are many small and large
areas which have not been completely weathered and these stand out as
told irregular outcrops. A comprehensive study of the structure and
petrograpny was not vossible because of these large deeply weathered areas.

Approximately 25 separate outcrops of unweathered serpentine were
studied and the general vetrography and mireralogy was ectablished by thin
section examination. One complete chemical analysis (%able 29) and seven
semiquantitative spectrographic analyses (Pl. IV) were made to establish

the composition of the serpentire.
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~e 1most important feature of the serpentine is the completeness of

]
the serpercinization in the ultra-basic body. There is no merked difference
between those sgecimens taken from the center end rocks taken Trom the edge
of thne body. This indicates thet the serpentinization was not the result

of local alterations produced by intrusives, a mechenism sometimes used

for the serpentinization of ultrabasic rocks (Du Rietz, 1935). Tne
serpentinization may well have taken place during the tectonic emplace-

ment of the rock, a time which affords increasing temperatures and a
plentiful supply of water from the enclosing sediments. This mechanisa

has been sugrested by Bowen and Tuttle (1949) for the forraticn and
emplacement of serpentine masses.

Antigorite and chrysotile are the two most abundant minerals within
the serpentine. Antipgorite predominates where the serpentine has undergone
more pronounced shearing and typicelly forms sheaf or flame-like aggregates
(PL. VIII, Fig. 3). Antiporite-rich serpentines are found along the con-
tects between the tectonic inclusions and serpentine, also where serpentine
is in contact with sediments around the periphery. Chrysotils commonly
forms a structure which pseudomorphs the originel texiure of olivine. The
overall texture produced is the typical mesh-type (PL. VIII, Fig. 2).
Chrysotile commonly forms larger cross-fiber veins within the serpentine
measuring several inches across. A more deteiled discussion of the ,
antigorite and chrysotile is given in the mineralogy section.

Magnetite 1is a universel accessory in tnese serpentines and iwo dis-

tinct generations can be distinguished, (1) primary regnetite formed as



PLATE VIII. Photomicrographs of the serpentines.

Figure 1.

Figure 2. '

Figure 3.

Figure &,

Large bastite graio surrounded by andradite
within antigoritic serpentine. Plain light
(x ko).

Relictkolivine surrounded by chrysotile

producing a typical serpentinc mesh-texture.

Iarge opaque grein of primary magnetite

surrounded by a reaction rim of chlorlte.
Fine-grained opague material within the chrysotile
is erxsoluiion magnetite. Plain light (X 40).

Antigoritic serpentine illustrating typical
sheaf- and flame-like aggregate forms. Crossed
nicols (X L0).

Andradite vein following a chear zone in an-
tigoritic serpentire. Plain light (X k0).
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an accessory mineral in the original ultrz mafis rock, (2) exsolution magne -
tite formed during the serpentinization of +the nyroxene and olivine (Fl. YIil,
Fig. 2). Tae primary rognetit . chzractericed bty :auch larger grains (up

<0 5 mm) ond is usually surrounded by a halo of chlorite. The exsolution

magnetits is cxtrencly fire-grained (less than C.2 =) =2nd £9llows tha
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the pyroxenc. ‘nlorite does not develop cisolution magnetite.

Chromite is erraticzlly Gistributed within the serpentine as 2 nminor
:éeesso-; or as infrequent pod-iike accumulations, The lutier have teen
mined to some entent, clihoush rno qin;le rod nas preduccd :ore than several
tons of orc. This chromite has teen formed by segregeotion from the ori-
girel ultrabasic magma as suggested by its tebular ferm and tanded nature,
Cihromite frcm thesc pods hes 2 density of #.42 and an index o Oh,.ma ng
very closely tie density and index given for picrochromite, ¥gCrp04. The

chromite segregations exhitit incipient alteration to uvarcvite ana

kamzererite (Figure 5) that may have resulted from the processes givi

&

rise to serpentinization. A detailed description of the kommererite is
given under mineralcgy.

Olivine ves detected in only threc of the serpentines studied and in
every case only a few relict grains vere visible (PL. VIIT, Fig. 2). The
average ccmposition, determined by meesuring the optic axial angle, is
1T7% Fez5i04. Zoning was not detected in any of the olivines from the
serpentines., 7The iron content of the serpentine, as determined spectro-

raphically, rarnges from 1 tc 5% Fe and if the assumption is made that ail

of the iron was originally in olivine, tkis would give a very low amount
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ol fayzlite, less than 107, sorsvwhnai lower <than that determined by
optical measurements. .

Several tabular and banded zones within the serrveniine contaired
sbundant rclict pyroxene altered to tastite. The optical constantc on
the unaligred relict pyroxenes ratch irnose of enstatite. Taz bastite
4 relict py;oxenc have retained their originel ceriss-cross texture and
the interstizizl areas contzin chrysotile pseudomornning olivine. Thne
pyroxerne tands represent a rvartial differentiation of the ultrabasic magra,
however, the volume of these rocks is small and rrobabdly does not reoresent

v

more than 17 of the lotal., Many a2reac within the serpentine confaired an

¢ with chrysotile.

0
o
N
ot
0

isotronic serrentine minera® 2sso

Andradite garnet is a prevalen: mineral produced by the serpentiai-
2zion process within the serpesntine. Many of ihe rore resistant knots
and ridges within -he serpentine contain abundant small anactomosing veins
diztrict, is composed ol andradite-bearing serpentine and its survival as
a prominent peak results from the gazrne- veination that produces a tougn

resistant rock. The garret is always a late mineral and occurs in veins

that follow, in part, the shear planes within the serpentine (Pl. VIII,

]

ig. b); although in some instances the garnet is found intimately associ-
ated with bastite and in part pseudonorphs the original pyroxene (Pl. VIII,
Fiz. 1). Tne andradite is always found in antigoritic serpentines and its
formation may depend upon the shearing conditions ettendant in the crys-

eilization of antigorite. Assuning thet ihe garnet is formed by the brezk-

down of pyroxene (Ca-tearing) and magnetite, the following reaction shows
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that it woulid take three molecules of diopside to make one of andradite.
3(Mgo~Cao-25102) + Fey03 —> (3Cao-Fe203- 35i0,) + 35i05 + 3MgO
diopside nagnetite andradite
The spectrographic analyses on the average serpentine show 0.0l to 0,05%
Ca, whereas the andradite-bearing serpentines show 1 to 5% Ca, a hundred-
fold inecrease. It would seem, from this datas, that the formation of
andradite within the serpentine must be accompanied by extcrnal scurce
of Ca or an extremely efficient mechanism of mobilizing Ca from the
pyroxenes within the serpentirne.

The almost complete serpentinization precludes an exact determina-~
tion of the original ultrabasic rock types. The textures observed in
the unshesred serpentine show that olivine greatly exceeded pyroxene;
therefore it seems reasonable to assume that the bulk of the parent rock
was dunitic in compostion before alteration to serpentine. ILocally where
differentiation or accumulation is manifest by the presence of tabular
bastite zones the original ultrabasic rocks were harzburgites and
pyroxenites.

The spectrographic analyses of the serpentines, when compared to
the data of Faust and‘Murata (1955), show that the elements character-
istic of serpentines arising from a '‘magmatic! source are also present in
the New Idria serpentine in comparable amounts. This analogy produces
further evidence that the ultimate source of these serpentines was magmatic;
however, it does not imply that the emplacement of the serpentine in its

present position was an ultrabasic intrusion.



Intrusive FRocks

I;neous rocks representing a restricied period of intrusive activicy
are present witnin the serpentine. Two smz:ll bodies crop cut near the
Gem mine, ore in the IE 1/4 of sec. 25 and the other in the 3W 1/L of
sec. 25. Along the scuthern border of the serpesntine, a large exposure
of igneous rock lies ucross the serpentine-Fanocke shale contact nzar the
headwaters of Yhite Creck (see Plate 1).

The in“rusive rock in section 26 is 2 sm2ll plus deaply weathered
apd covering about 25 square yards in areal extent, The weathercd noturs
of the serpentine =ni igneous rock precludes any statement of the contact

relationsiips. Srecimers procured several ifeet below the surrace show

the rocl: To be 2 fine-jrained, dark camptonicle.

An =lonzazte dive-likie intrusion appromzimately hCO feet long and &
fee:. wide crons out in seetion 25 (Fiz. 10). Tne dike has been well
exposad by dilffercntial erosion on the rorth flark of a2 ridge forming an

irregular wall-like mass exterding down the ridse. The contact between the

serpentine and intrusion is obscured by talus and weathered serpentine.

Tne dike rock is 2 ccecarse-greined, orownish barkevikite syenite. A thin

selvage of albitite (6 inckes to 1 foot) nccurs sporadically alonsg the

extensive exrosure of this rock in tne district. During <kz marping of
this exposure it beceme apparent that this mass hes been displaced ané was

rart of 2 large landslide that has ridden out over tre upturned Panoche

shales. =ckel ard Myers (1946) show this igneous body in vlace (ntruding
~ - t=]



ouh serpentine and Pacoche sholes. Detvailed inspection of the contaa:ls
be.ween :the serpentine and intrusive shows 2 Jouge none rmade ur of voih

serpeniine and ignecus rock. Several trenches dug along the sespeniline-
shale ocontact show a similar relationshin. o hornfels or contac:

alteration of :the shales could te found alihough sceveral displaced 1rag-

TRERY . g - - .y - an S Ly - o - ~ ~ hame® T en -
mente of halnd serrontine vere Jound o ORC 0f fL.C IUSNCACS,  Lon InNDCuS
. HE e - o b onamys - N t.* e I~ » LIRS -~ .

;o “nis exposure 15 esitEnaly Crasii Lnoconrarison Lo Liw sond:

inTrusive vodies. It is indzed vnforiunate that this body has been

located so as {0 obscure the structural relations with the serrencine.

[
[§]
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It vas decided, nore the less, o use th roct for analytical and

[E9

n aind that ke relasions with *he other

e

mineralcaical study, keeping
LR 2V

intrusive tedies would Te somewiot otscured. Toe rock Trom this exrosure

‘<z guize warishle in Texture, licht brownisi and .nade up of baruevikite

syenite 22d minor camnioniin.
Those Ineous vooio Loote teen 4lvided fnto thrge iyres oo the tasis
of “oxture, nineralsyy, and orhanical cosgoesition.
I ~ Camptonite fine-grained with darx brown to vlack

color containing: bovarkevikite, olivins,
vigeonito, and calecic-plagioclase.,

IT - Syenize coarse t0 medium-grained with phenocrysis
of borkevikite in light groundmzss of
feldspar arnd zeolites.

II7 -~ Albitite vugy end coarse-grained containing: zaloite,
analcite, natrolite, and acmite.

Camptonize is {ound at iwo of the three exposures althoush its exact
ralationzhip is not clearly snown irn the field. The exposure in section
2% is exclusively cemptonite and is interpreted as an inlrusive plug vhich

Lo

ras orys-allized repidly. Camptonite is fourd in the Wnite Creel moss
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only by digging along the southern border of the outcrop and here it is
associated with baked serpencine; although no fregments were found which
show a complete transition from baked serpentine through camptonite to
syenite., The camptonitez probably represents an early differentiated
phase of the intrusion and has been preserved along the “chilled"margins
of the intrusive.

The fresh camptonite is dark brown tc black and has a dizlinct con-
choidal fracture, It is extremely fine-grained and shows a rough banding
along the face of the serpentine contect. The border zone or "chilled"
contact has a groundmass consisting of a felted aggregate of calcic-
plagioclase and needles of amphibole (Pl. IX, Fig. 2). Fhenocrysts of
olivine and barkevikite are "floating" in this extremely fine-grained ‘
groundmass. The groundmass feldspar is too fine-grained to determine
exact composition but it probably is close to Angg. The amphiboles in
the groundmass are variable in composition; richterite is found in cores
rimmed by crossite and barkevikite crystals are rimmed by crossite and
glaucophane., Tne formation of the blue Ha-lMg amphiboies in the '"chilled"
zone suggests contamination by Mg zssimileted from the serpentine;
although no partially assimilated inclusions of serpentine were found in
the camploniie. The goundmass in parts of the "chilled" zone shows
flow structure with a trachytic texture. The "chilled" zone is one to
four inches in thickness and is followed by a thin seivage (about #
inch) rich in plagioclase. This plagioclase is lath-shaped and strongly
zoned (Anég core to AnAO rim) exerting strong euhedralism and forming a

pilotaxitic texture (Pl. IX,Fig. 2).
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Except for the chilled zone and plagioclase selvage the camptonite
is uniform in composition and texture. The camptonite groundmass consists
of plates of zoned plagioclase and small needles of tarkevikite. Olivine
with reaction borders of barkevikite and biotite form kelyphitic clots in
the feldspar grouadmass. Colorless pigeonite also forms cores in the
barkevikite clots, although kelyphitic rims are not developed round the
pyroxene.

The plagioclase has a strong continuous zoning and forms a groundmass
of subhedral to euhedral plates. The cores of plagioclase are clear and
fresh with an increasing cloudiness developing in the peripheral parts of
the crystal, and rimring these crysta;s is a clouded and somewhat altered
feldspar. The fresh cores of the plagioclase are Ansg.eg ranging outwards
to the periphery by continuous zoning where a ccmposition of Ango was
determined, The "deuteric" rim surrounding the clear, zoned feldspar nas
an An content from 10 to 12 and contains fine-prained needles of prehnite.
The plagioclase shows complex albite-ala twinning and less commonly simple
;lbite twinning. Within the interstitial areas, minor natrolive and
aualcite replace, in part, the clouded albite rims.

The small euhedral crystals of brown barkevikite form smerll clots
with olivine or augite as a central core, although it is more abundant
as idiomorphic prisms in random orientation (Pl. IX, Fig. 4). The miner-
alogy of the barkevikite has been discussed earlier.

Olivine, as noted earlier, is always found with a kelyphitic rim
which is composed of exsolution magnetite and fibrous pyroxene surrounded
by barkevikite crystals. The olivine 1s strongly zoned and the 2V varies

from 82° (edge) to 88° (core) giving Mg>Si04 78% (edge) and 84% (core);
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suggesting that the olivine has crystallized from a differentiated parent
basic magma.

The colorless pyroxene within the barkevikite clots has a small 2V
(ca. 500 to hOO), positive sign, and Z A ¢ 570; probably pigeonitic in
composition (Pl. IX, Fig. 4). Indistinct zoning was cbserved.

Elorgated crystals of apatite are common in the groundmass, some
attainirg lengths up to 1 mm. Irregular blebs of sphene are associated
with ilmenite and primary pyrite.

A modal point-count analysis is given in Table 21, the chemical
analysis in Table 23 and the norm calculated from this analysis in Table
2k,

Barkevikite Soda Syenite is the dominant rock type from tne igneous mass

at the White Creek locality and in the dike from section 25. The grain
size and texture are quite variasble ranging from fine-grained facies
similar to the camptonite to a coarse-grained porphyritic facies with a
granitoid groundmuss and large prisms of barkevikite (up to 6 inches in
length). The hornblende shows no preferred orientation although sharp
changes in texture are quite common. Inclusions of foreign rock were
not found within the syenite from either locality. Figure 10 shows the
outerop pattern of the syenite dike and such structural features as could
be determined; no detailed map of the White Creek mass was made since it
has been dislocated by landslide.

In the hand specimen, the gyenite is mottled black and white with
extremely well developed black prisms of barkevikite set in a white
groundmass of feldspar. Where soda-pyroxenes dominate over barkevikite

a greenish cast is developed in the syenite. The extreme variabilitvy in
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TABLE 21. MODAL ANALYSIS OF CAMPTONITE (RGC-45-50).

MINERAL PERCENT
PLAGIOCLASE 40.0
(Aa 20-69)

BARKEVIKITE 39.5
OLIVINE 5.5
(Fogo-Fazg)

PYROXENE 1.3
APATTTE 2.5
BIOTITE k.2
SPHERE 3
MAGRETITE .6
PYRITE L.8
PREANITE 1.0

99.7
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GEOLOGIC MAP OF SYENITE INTRUSION
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in size of the nornblende phenocrysts is the post striking feature of the
various facies when contrasted to the groundmess vhich appears to remain
medium to fine-grained.

The syenite has a panidiomorpnic-granular texture and vhere the
rock shovws deuteric alteration the texture becomes porphyritic with a
hyvidomorphic-granular groundmass. The feldspar forms almost equant tabu-
lar crystals vhich shovw strong zoning under crossed nicols. The inner
portions of the crystals are usually clear except for incipient alteration;
these cores grade out into rather thick rims of cloudy feldspar Ans.;e
vhich in turn may grade into natrolite and/or analcite (Pl. IX, Fig. 3).
The composition of the fresh cors is andesine (Anys.gs) vhich grades out
to the rim o! the clear area in continuous zoning to a composition of Anag.
Minor perthitic intergrowths were cheerved in several of the cloudy albite
rims. The cloudy =lbite ig tk: wmost abundant feldspar and in the syenite
facies the calcic-plagioclase never exceeds 153 of the total feldspar.
Calecic-plagioclese is completely lacking in some Tacies and in these rocks
the feldspar is albite (Ans.ip). Tne albite from the Whiée Creek mass is
always clouded and it seems to have formed by late deuteric or hydrothermal
alteration. Under high magnification the c¢clnuding materials appear to be
elongated fibers and short rods accompenied by opaque dust. Differential
acid leaching of the clouded albite clears the albite and the inclusions
that remain have opties similar to those of prehnite. The dissolved
meterial is thought %o be iron oxides and natrolite. MacGregor (1931)
and Poldervaart and Gilkey (1954%) have shown that cloudirg in feldspars

may be due to & deuteric or hydrothermal alieration.
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TAGLE 22. MODAL ARALYSES OF SYLENITE.

MINERAL RGC-1-50 RGC-LB-50*
AIBITE (Ans.1o) 28.8 53
ANDES INE- LABRADOR ITE - .6
(Anss_a30)
BARKEV IKIT= 37.8 26.2
ANALCTITE - 2.3
HATROLITE - 5.3
ZOISITE 10.3 -
MICA 12.2 k.9
CHLORITE 8.4 -
APATTTE 3 1.6
SPHENE ) 2.2 -
OPAQUES -1 -
100.7 99.8

* Same as analysed rock RGC-47-50.
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5. . i ae C A 4. S Nyempte 4 e d - “-
Isocontrast wo e svenlte Srom Llise Jreen, e Iretito Jro. tno

dlle ‘n aacuion 25 conta‘ns abundan. clear and i'resh albite (Ans.,g;

wvilch sy nave reerystallized Sursing o late cecLonlc agovemen. hat oo

“wi.i.e Creex sycniie 2g 2:parontly agconce Ty londzlildo ds-

1'slocrted

albiic,  Larce arszasz of analei-ze are found surromnding narieviiive and
oLLte. azrelize folicws snalzilz and

celzclively replaces albite. liatrolite may completcly replace i
nreserving its originel zexture.
Barkevikite s the ost aburdant mafic mineral of the syenite ard is

craracterized ty well-developed euhedral habit and distinctive plecchroism

(FL. IX, Fi=. 1). ne phaysical prorperties of barxevirite are similar in
21l facies of the camptonite zané syenite and it appeers to be stable in

both rocks excepi in the ‘chilled' zone of the camptonite. Tne chemical

Accessosy mipnerals from the syenites are similar ©o <hoge round in

camploniles Willh some minor variations. Apzlite is abuadany, Jorring

elonzate, light brown, prisms with veek plsochroism. A specirograrnic
analysis of the pure aratite from the Wnile Creek sycrite Is given in

Plate IV. Sphene is fourd borh as a prirary aineral end as an alieracion
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oroduct o7 the Larievilii-e, Dioti%te is more atundant in the syenites
than o Lho camntoniies and is rormed during late deulerfc or hydro-

narmal alteration when it crystallized as worsy clous within the zeolites.

Zaleium releaced in the alieration of the calcic feldspur nas preduced

]

prennite, zoisite, and clinozoisite. Small amounts of :muscovite are

rresen” in ihe syenite dike elthoush it was not definitely identified in

Lae lnite Creek zyenite. lagnetite, ilmenike, and iron sulf{ides are

scarce in all cases. Phenocrysts of a deep red garnei {(un to 1 cm) are

]

precaent in 2 syenite ooulder in the Vhite Zreesk syenite and optical and
density determimtions (:-1.500 and D-4.18) on these garrets are similer
“o those given for spescartize. Heavy nireral separaticns of the norw=l
syenites also produced small guantities of this sarnet. The chemical
analyse2s of both the camptonite and syecnite {Tadle 23) shov That they
are undersaturated rocks with recpect 10 silica:as nepheline is preseat

n ihe calculazed norms (Table 2k); 2lthough nepheline was nol found

[

o any of *the rocks. ‘Tae aLsence of necheline in these rocks could be
exviained by tze fact that in a nydrous deutsiv’: < Lydrotherral stage,

nstatle. Yoder (165Ca) has siown that analcite forms in a

Jose
c

nepheline
nydrothermal sveteT 2% temperatures below 575° C. and ztove this, aloite
and rnecheline are stable. This experimenial relationship becomer valuacle

n the late stages

hor
ur

in intervreting the presence cf aralciie end ratrolize
of crystellizotvion of the syenite intrusions. The presence of anzlcitcs
and the absence of nerheline in an undersaturated rock, such as this, wvculd

sear ¢o indicate that the Jiral stage of intrusion was crharacterized by

low temperatures and a hvdrated condition. A wodal analysis ol the VWhite

4]
3
[ 2]
=]
3
1
o
o
(11
A8}
ny

Creek syenite ard the syenite dike in section 29 are giv
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TABLE 25. CHEMICAL ANALYSES OF CAMPTONITE AND SYENIIE.

1 2 3

5105 18.56 51.4k2 €0.00
Ti10, 2.01 2.20 A2
Al50;3 15.72 16.58 16.88
FeO 9.65 7.62 3.02
Feo0g .36 1.48 1.83
MnO A7 .23 .12
Ca0 7.76 6.77 3.16
MzO0 6.52 3.68 1.ko
KoC .15 1.06 .94
Nax0 5.22 6.0k 9.31
Ho0- A2 3k 43
Ha0+ 2.29 1.4 1.53
Zr0 - traces .03
Cra05 nil - -
BaO .05 traces .06
Sro - .08 .02
Liz0 - - traces
P20g - .49 .1k
COx - 45 .59
S . — traces

99.88 99.85 99.€8

1 - Cemptonite (RGC-45-52), analyst - W. H. Herdsman.
2 . 3yenite (RGC-47-52), annlyst - W. H. Herdsman.
3 - Syenite from Arnold and Arderson (1910), analys:t - W. F. Hillebrand.
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TABLE 2k. NORMS OF AVALYSED CAMPTONITE ANL SYENITES.

l* 2!- 3*
ORTHOCLASE k.19 6.12 5.56
ALBITE 30.92 k3.75 73.56
ANORTHITE . 17.24 15.29 1.hy
NEPHELINE 8.10 5.8% 2.72
DIOPSIDE 17.k3 10.82 5.72
OLIVINE 15.9% 9.75 2.99
MAGNETTTE .46 2.16 2.66
IIMENTIE L. 8 k.26 .98
APATITE - 1.27 S
CALCIUM CARBONATE - 1.00 1.3
WATER 2.29 1.h1 1.53
CIPW CLASSIFICATION
L - Class III, salfemic 2 and 3 - Class II, dosalic
Order 6, lendofelic Order 5, perfelic
Rang 3, alkali-calcic Rang 2, domalkslic
Subrang 5, persodic Subrang 5, persodic

* See Table 23 for chemical analyses and identjfication.




and in Table 25 two independent analyses oI the White Creek syenite are
given.

Albitite and Zeolite-Rich Rocks are found in minor amounts associated

with the late stage hydrothermal or deuteric alteration of the intrusive.
These rocks are characterized by a vugy texture and almost pure vhite
color. A small zone, up to one foot thick, of albitite is developed in
the syenite dike along the contact between the intrusive-serpentine
eontact. The rock is made up almost entirely of clear albite (Ans.;o)
accompanied by clinozoisite that forms delicate needle-liiic druses in

the pumerous vugs. Clear sphene is & common accessory in the groundzass,
Barkevikite cores rimmed by acmite or aegirine-zugite are present in sub-
ordinate amounts (1 to 5)) and the amphibole is the only mific mineral
observed. Isolated stringers and clots of albitite are found within the
syenite but here it is a very minor facies. HNumerous late, vugy veins ofl
zeolite are present in the White Creek syenite. These lute veins vary in
width from one to six inches and may extend to several yerds in length.
Thg minerals within the veins are particularly well developed and a fairly
st;on@ copper sulfide amineralization in many of these veins was observed,
In addition, large irregular vugs (up to a foot across) are also present
in the syenite and these contain the same well-formed crystals that are
found in the veins. latrolite is the most abundant mineral in the veins
and vugs, crystallizing as distinct prisms up to one inch in length and
aboi-t 4 pm. in cross-section. The unusual morphology of this natrolite has
been discussed earlier under mineralogy. Analcite, prominent in both wvugs
and veins, attains exceptional size in the larger isolated vugs where

ryctals up to ore inch or more were found. The trapezohedral faces
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PLATE IX. Photomicrographs of camptonite and syenite.

Figure 1.

Figure 2.

Figure 3.

Figure k4,

Barkevikite soda syenite. Large prisms of
barkevikite inclosed by plagioclase feldspar.
Note grains of plagioclase with clear cores
rimmed by cloudy albite. Interstitial ar=zes
contain zeolites and biotite. Plain light

(x 25).

Camptonite, 'chiiled zone' showing a fine-
gralned groundmacs with euhedral crystels of
barkevikite and olivine which is surrounded

by a kelyphitic rim. Note embayment of the
'chilled zone' by the plagicclase-rich selvage.
Plain light (X %0).

Alteration of calcic-plagioclase to albite.
Note the fine inclusions within the albite
contrasted to the clear calcic-plagioclase.
Crossed nicols (X 100).

Camptonite. large clot of pigeonite surrounded
by a fine-grained mat of barkevikite and calcic-
plagioclase. Plain light (X 40).
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are well developed on colorless to opaque white crystals contuining
nunerous hair-like inclusions of acmite. The larger crystals have o

very faint birefringence and u rather complicated wwinning. Individual
crystals of tabular, prismatic acmite are abundant in the vugs and veins
intergrown and implanted on the natrolite and analcite. Occasional cores
of barkevikite are found rimmed successively by aegirine-augite and acmite.
Tne copper mineralization within the veins is present as small blebs of
chalcocite accompanied by galena. Spectrographic analysis of this sullide
mixture shows 0.05-0.1% Hg and detailed inspection of the concentrate

shows materiul similar to cinnebar.

Classirication and Origin of the Igneous Rocks

Considerable difficulty is encountered in placing these rocis within
present rock classifications, either on the basis of chemistry or mineralogy.
The norms calculated in Table 24 certainly do not resemble the minerals
reported in the modes (Tables 21 and 22). Uepheline was not found in any
of the rocks, although all three calculated norms show nepheline; further-
more orthocl;se is present in the norms and not in the mwodes. Diopside and
olivine also are shown in all three norms but these mineral tynes have been
identified only in the camptonites. Natrolite and anaicite are present
in all of thne intrusive rocks and it seems that these minerals have
proxied for nepheline, The stability relationships of nepheline-analcite
as discussed earlier, suggest that in the late stages a hydrothermal low-
temperature conditions may have removed aay nepheline formed in the
earlier intrusive stage. This, somevwhat peculiar, situation has pro-

duced an under-saturated rock without the expected feldspathoids, The
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nigh-godium content zontrasied to the paucity of rotassium is another
vecul ‘arity ol thece rocks that poseg a difficult problem in classifi-
cation. The two rocks 2nalyzed Tor this investigation have been classi-

Tfied according to both chemical and mineralogicel methods; the results

are taobulated below.

RGC-45-21 RGC-47-51
Washinzton (1917) I11-6-3-5 II-5-2-5
Johannsen (1931) Family 3216 Family 2216
campoonite Nepheline-bearing
diorite
Snaud (1927) pvi 8 XuM &
sub-basait assexite
‘camptonite! theralite
Figel: (1936) soda gabbro magma sommatische magma
Type 2 Mugearitisch {sub-alkalic)

Tyrpe lelarkitisch

The eerly facies of these intrusives, ramely (RGC-45-51), is clearly
shown to be a camptonite as it {alls into the comptonite cetegories of
Shand and Johannsen. The chemical classificaticns of Nigzii and of
VWashington (CIPW) give erroneous placement as the normative minerals ere
grossly different from the modal minerals. The classification of the
main intrusive rock (RGC-L7-51) is still somewhat doubtful and it appears
thaet the rock mey be e hybrid. The rock was first described by E. S.
Iarsen for Arnolé and Anderson (1910) as a sode syenite ard has since
been referred to as a soda syenite by Taliaferro (194%3) and Eckel and
Myers {1546). Following the definition of a syenite given by .Johanasen
(1931), it appears thet this could not be celled a syenite, since potash
feldspar is an essential constituent in the later and the New Idria rocks

contain less than 1% K;0; this is protably present in biotite. Following
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Shand's classification this rock would be grouped with the theralites
and Johannsen's classification shows it to be a nepheline-bearing
diorite. Tne chemical classifications of Niggli and CIPW are of no
value in determining a proper classification because of Lhe unrealistic
norms. A more descriptive petrographic name for the soda syenite would
be barkevikite sodaclase dlorite following Johannsen's nomenclature,
but the original rock name given by Larsen is retained nere to avoid
confusion.

The rocks formed by late stage hydrothermal or deuteric action and
containing albite and zeolites could be best called albitites with
qualifying adjectives.. Turner (1896) first desoribed albitites as
aplitic rocks composed entirely of coarse granuler aggregates of albite.

Tne intrusives of the New Idria district seem to have arisen fron a
parent magma thnot was probably similer in composition to olivine basalt
magmas. Marked zoning in feldspars end olivine of the camptonite indi-
cates differentiation. The camptonite border facies seems to heve
crystallized from a2 mobile and somewhat high-temperature magma, but the
peculiar composition of the soda syenite cannot be readily explained by

ther differentiation of the camptonite. Several other factors may
have influenced the course of crystallization and finsl composition;
these are given below.
1. Contamination of the parent megma by soda-rich rocks.

2, Filter-pressing of residual liquor of a partially
differentiated basaltic magma.

3. Selective migration of Ca, Mg, Fe, and Ti into the
host serpentine during emplacement.
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All these factors must be considered in any discussion on the
origin and composition of the intrusive rocks. The genesis of the
intrusive rocks bears important relationships to the origin of the
metasomatic cale-silcate and chiorite rocks wilitiu tue serpentine near
the intrusives. A variation diagram of the available analyses shows
that the rocks follow a differentiating trend with Ca, Mz, Fe, and Ti
decreasing and Na and Al increasing with little change irn K. This would
indicate that the intrusive material daifferentiated afler arriving at its
point of emplacement within the serpentine. The lack of inclusions within
the syenite indicate that little or no contamination has taken place, al-
though this is btased on negative evicence., Srectrograpnic analyses on
the analyzed rocks has produced some very interesting data. The syenite
and cemptonite contain similar cobait and nickel velues with NI = Co
(100-500) ppm. lNockolds and Allen (1954) have shown that in alkaiic rocks
during the early stages of differentiation Ni > Co arnd as differentiation
proceeds Ni ¥Co with Ni < Co in the later stages. The Ni-Co relstiomship
Euggests that these intrusives have arigen from a partially differentiated
magra. The Ni, Co, and Cr content of these rocks is similar to the values
given by Nockolds and Allen and it would seem that these elements would
have been enriched had there been serpentine contemination of intrusive
magma. Zr and Bb were not detected in these rocks whereas Hockolds and
Allen consistently report thess= elements in alkalic rocks. Barium and
strontium appear in normal quantities withia these rocks although the low
velue of K has probably controlled, in part, the Rb and Ba content. The

calc-silicate bodies near the intrusions generelly have matching trace
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elements, vitich suzgests tha. <here was a movement of m=lasomatic

solutions from the intrusives into the serpentine. These netasoratic
bodies show enrichment (Table 25) in Al, Ca, Fe, ard Ti and it would
gupear logicsl Lo derive Liese elenenis [rum the Inlrugiqes since
late stages 2f the intrusive are degleted in these elements. This
mechanism would result in a2 rmagme that was enriched in Kka, probably

with HoO ob“ained from the enclosing serpentine.

Vrtasomatic Rocks

YWithin -be serpentine are & number ci small rock bedies formed by
direct replacement of the serpan<iine and small veins and zones of meta-
somaticm are alsoc found in the tectonic inclusions. The fluids re-
sponsible lor these replacements are in na way coanected with the procesces
giving rise to the serpentine or cchists; since these metasomatic rocks
contein a suite of cale-zilicate and vitano-silicate minerals that could
nardly rave teen prcduced by anyihing but emarations from an intrusive
oody. ;

The metasomatic rocks have been divided into three different types
on the basis of their minerslogy. (1} Chlorite rocks characterized by
doninant chlorite acccmpanied by minor amounts of garnet, perovskite,
ard titenium-bearing minerals. (2) Calc-silicate rocks characterized
by diopside, idocrase, and chlorite. (3) Titano-silicates in soda-rich
veins within tectonic inclusicns. Each of these groups will be discussed

serarately and the mineralogy and geology of each separate occurrence will

be described.
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calcite form as late minerals in open cavities. Sphere formed as

a further reaction with the androdite and was seen to replace it on
the rims of several crystals. The sequence of mineralization is given
below.

Chlorite
Jdocrase

Garnet

Sphene

Magnetite

Calcite

(RGC-93-52) is found in several small outcrops (up to six feet

long and one or two feet in width) trending in a north-south direction.
Tne contact with the enclosing serpentine is marked by a distinct color
change. Tne rock is gray i: green, and dense, with a crude schistosity
cut by anastomosing veins of l.ght brown garnet. Clinochlore is the
most abundant mireral and its preferred orientsticn produces the observed
schistosityf Associsted with chlorite as an early mineral, is a pyroxene
of diopside composition, that mekes up about 4 to 6% of the total rock.
Small crystals of zircon and apatite are present in the chlorite ground-
mass. Andradite veins cut the schistosity and are definitely later than
chlorite and diopside. Small crystals of magnetite have formed on the

open surfaces of the rock. The sequence of mineralization is given below.
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Chlorite

Diopside

Apatite

Zircon

Garnet

Magnetite —

(RGC-36-50) crops out as a small tabular vein siriking N 30° E,

aYout 20 feet long, and I to 5 feet wide. The rock is vugy with a
crude schistcsity parallel to the strike of the vein. The color is
green to grayish-green, enhanced in the vugy areas where perfect crystals
of garnet and chlorite produce brilliant reflections. Tne contact of the
chlorite rock with serpentine is gradational showing alteration of ser-
pentine to chlorite along shear planes. Tne rock is composed essentially
of garnet and chlorite accompanied by minor amounts of sphene, pyroxene,
and magnetite. Chlorite forms eunedral to subhedral platelets that have
random orientation, and dark olive green color in hand specimen; under
the &icroscope a strong pleochroism from green Lo light yellow is seen.
Tne optics are similar to those of delessite (Table 17). CGarnet forms
light yellow to olive-green euhedral crystals partly intergrown with the
chlorite (Pl. XII, Fig. 4). The cores of the garnet may be hollow or
mottled with a fine-grained mixture of sphene and pyroxene. Optical
determinations are similar to those given for andradite. A light
brownish zone around the perirhery of the garnets is due to Ti introduced

during late stages of formaticn. The mineralization sequence is given

below.
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Pyroxere
Sphene

Garnet

Chlorite

Magneti

(RC2-57-51) forms a smz2ll bench on a smooth slope of weathered
fleky serpentine, the largest outcrop of which is about 40 square feet
and it rises only five feet above the surrcunding terrain. The ser-
pentine end chlorite rock arc considerabvly broken up ard aliered by
veather ns processes obtscuring the contact between the two rocks, bu:
it is assumed that the chlorite rock has formed by revlacement of the
serpentine. The outcrap is very irresular and the enly structurzl trend

ctserved vas a et of E-U joinus dippins aboul 550 to the south. The

-y

rozk Is wvery irregular ond vugsy and shovws no nreferred orientation o
ire corstituents. The veathered surfece of the rock is rusty brown and

on the Iresh surfaces the true color is dark olive-green. Chlorite

ply deléssite), melanite, perovskile, and aratite are essential
constituents accompanied by miror amounts of sphene and magnetite (Pl. XI,
Fiz. 2). Tne texture is porous anq gy, and magnetite and perovskite

are the only euredral minerals vresent in the cavities. The ecrly stages
of mineralization were richer in iron and many of tae large fan-shaped
eggrezates of chlorite have cores of stilpnomelane that grade impercepti-
bly into delessite (PL. X, Fig. 2). lelanite, the next most abundant

mineral, forms irreguler patches within the rcck and does not exert its
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normal tendency to fcrm idioblastic crystals. Tne irregular patches
of melanite are acmmonly intergrown with sphene and perovskite (PL. X,
Fig. 2). Strong zoning of the melanite is not found at this locality
and it seems that the garnet has formed late from Ti-rich fluvids.
Perovskite is present in two forms, (1) perfect resinous yellow octahedra
ard (2) irregular granular aggregates. Pabst (1951) reported colorless
end derk adamantine spinrels f{rom this locality; however, he did not
report psrovskite from this loczlity and it may be that the colorless
spinel e described is the octahedral perovskite. Small elongate,
colorliess prisms of aratite are ccmnon Wwithin the ¢roundmass. Magnetite-
forms euhedrel octahedra and also irregular patches within the groundmass.
Sphene is present within thc cores of melanite and has formed in the early
stages. The mineralization sequence is given below.
Stiipuomelane
Delessite
Magnetfte
Apatite
Sphene
Melanite -
Perovskite
(RGC-83.51) is one of the larger areas of metasomatic rocks and six
separate outcrops cover an area of about 30C square yards. The individusl
bodies are tabuler in shape end show moderste contortions parallel to the

shear planes ir the serpentinme. The contacts between the chlorite bodies
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and the serpeniine are gradational and ure conformable with the

locel structure in the serpentine. The general strike of the bodies

js E-W and their dip is almost vertical. The rock is dark, bluish.-
green with schistosity and =longete vugy areas parallel to the
schistosity. Magnetite, ilmenite, and perovskite are common as eu-
hedral crystals on open fractures and vugs. Tnis body is the only one
found that shows aglteration of the earlier metasomatic mineral as-
semblage. The ea.ly phase of mineralization produced a garneti-chlorite
rock containing little or no {itanium. The garnet was probebly andradite,
but this is difficult to establich since there are very few relict grains
of garnet. A late stage of mineralizetion, rich in COp, altered most of
the garnet to calcite and chlorite. Many spotvs, where gernet was formerly
present, are now pseWomorpred by a fine mixture of cilorite (delessi‘e),
calcite, and magnetite; and in other spots the area occupied by the
garnet is now vacant (PL. XII, Fig. 1j. Tae rock is composed of chlorite
{(rumpfite and delessite), calcite, magnetite, and ilmenite. The chlorite
assumes g crude schistosity and the megnetite forms anhedral clots vithin
ihe calcite-chlorite replacements. Miror clots of chevkinite (?) were
identified from the thin section and these smell concentrations are
cherscterized by plecchroic halos produced in the chlorite. Sodium
fluoride bead tests on this mineral showv it to contain uranium. Rutiie
was identified fron the rock in one small isolated cluster of microscopic

crystels.
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A ceries of thin sections across tlhie serrentins-chlorite rock
contact indicates thot metasomalism of the serpentine is accomplished
by alteration of antigoriie to rumpfite and delessite with little or
no change in the original fabric of the serpentine, although within
the center of these bcdies a coarser crystallization obscures thig
original fabric. The large amounts of calcite prcduced in the late
stages of minerelization obscure +he rerlacement sequence; howeaver,
it is clear that the serpentine has been metasomatically replaced by
fluids enriched in caleium, aluminum, iron, and titanium. The inferred
mineralization sequence is given belovw,

Chlorite

Andredize
Vagnetite
Iimenite

Perovskite —
Calcite

Chevkinite (?)

Rutile

(RGC-T79-51) crops out 200 feet away Irom Lhe comtact between the
serpentine and Franciscan formation. This body is irregular in shape
and about forty feet long and fifteen feet wide. o zeneral s.ructural
trend could be determined, altncuzh e crude scaistvosity wichin the reern
conforns, in parz, with the sheer planes in the serpentine. Tne ser-
rentine-chlorite rock contact is sharp and there is little interlinzering.

The surrourding serrentine is antigoritic and shows evidence of strong
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shearing. The replacement rock is dense and compact with very few
open fractures or vugs (fﬂ. X, Fig. 3). It is intensely veined with
a yellowish-brown andradite. Clinochlore makes up most of the rock
and forms a crude schistosity; in vugy areas beautiful well-developed
crystals of clinochlore are associated with crystals of andradite,
calcite, and magnetite. Small clots of colorless apatite are associated
with the garnet and early sphene is present as cores within the garnets.
The mineralization sequence is given below.

Clinochlore

Andradite

Sphene
Apatite
Calcite

Magnetite
(RGC-56-51) crops out as a small discontinuous body within a

bold serpentine outerop., This metasomatic zone is irregular in shape
and about 40 -feet long and 20 feet wide. The host serpentine is a
dense rock which has been impregnated with thin veins of andradite.
Serpentine has been strongly sheared and antigorite is the most abundant
mineral in the rock. The chlorite rock is dense, grey-green and is cub
by anastomosing veinlets containing melanite and perovskite (FPl. X,

Fie. 1). The chlorita, similar to rumpfite in sompostion, exhibits a
crude schistosity within the metasomatic rock. The veined perovskite

and mslanite are anhedral and show extremely irregulsr grain boundaries
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with the chlorite. The melanite is also characterized by a zoning

that grades from light-colored cores to dark reddish-brown rims again
manifesting the increased Ti substitution in the late stages. Apatite
and sphene occur consistently, although sparingly, as early mirerals
within the chlorite groundmass. Several small crystals of zircon were
noted. Along the veins within the metasomatic rock, there are many
open fractures and vugs that are covered with a beautiiul suite of
crystelline material. All of the individual crystals exhibit almost
perfect crystal forms, however, none of them are more than one centi-
meter in their longest dimension. Melanite is prgsent as splendent
black dodecahedrons producing drusy coatings on the vein walls. Yellow
and metallic black perovskite has crystallized es cubes and ociahedrons.
A chemical analysis of the perovskite is givea in Table 1. Red prisms
of titaniferour idocrase are sparsely distributed on the drusy surfaces.
White diopside has crystallized in delicate bladed crystals and forms
small tufted clumps lining the vugy surfaces. This locality is well
known to mineral collectors and has produced some of the finest mineral
specimens from the district. The mineralization sequence is given below
and it is considered that anhedral vein material formed during the same

period as the drusy material.



Chilorite

Apatite
Sphene

telanite

Perovskize

Dionside

l

Titaniferous idocrase

(FGZ-12-80) is a small body less thon four square feet in size
projecting out of westhered serpentine as a sm2ll knob. The relation-
ships between the serpentine and the metasomatic rock are obscure and
the author is not convinced that this rock is in place. It is coarse-

irerals assume

o

sreined with a porous, open fexiure, and the constituent
no preferred orientation. Tie rock is nrearly bimineralic composed cf
black melani‘e end green chlorite (rumpfite) es shown in PL. X, Fig. b4.
Melanite shows a strong tendency to euhedralism with the dodecahedral
form domirant. Zoninz in the melenite is distinet and is manifesvted by

a change in color from light browmisn-red to z deep brownish-red. Tne
enzlyzed garnet in Teble 5 was taken from this body. Apatite is present
as & minor constituent and has crystallized as small clear prisms. Minor
amounts of magnetite, sphene, and perovskite are also present. The

mineralization sequence is given below.

Magnetite
Chleorite
Sphene

Apatite
Melanite

Perovskite
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PIATE X. Pnotomicrographs of metasomatic rocks.

Figure 1.

Figure 2.

Figure 3.

Figure k.

Chlorite rock. Grourdmass of clinochlore
and rumpfite cut by irregular veins of
melanite garnet. Larger mass to the right

. of the field is perovskite. Plain light (X40).

Chlorite rock composed of intergrowths of
delessite and sitilpnomelane in the light
areas. Subhedral opaque grains of magnetite
are associsted with semi-opaque intergrowths
of melanite garnet and perovskite. Plain
light (X 40).

Chlorite rock composed of clinochlore, light
groundmass and irregular, distorted stringers
of andradite garnet. Plain light (X 40).

Chlorite rock containing anhedral grains of
zoned melanite garnet intergrown with colorless
rumpfite. Opaque areas are magnetite. Plain
light (X 40).
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PLATE XI. Camera lucida drawings of metasomatic rocks.

Figure 1.

Figure 2.

Calc-silicate rock. Iate calecite vein containing
subnedral grains of ielanite rimmed by idocrase
accompanied by anhedral grains of idocrase and
'wormy' rumpfite. (X 40).

Chlorite rock. Central area illustrates delessite-
stilpnomelane intergrowths surrounded by melanite
garnet, perovskite, and epatite. (X 60).



PIATZ XTI. Photomicrographs of metasoracic rosks.

-

Fimure 1. Chlorite rock illusirating late staze alter-
ation. Groundmass contains rumpfite and
anhedral magznetice grains. Altered crysial
of zniradite replaced by rumplite, calcite,
and magnetite. Plein light (X 80).

Fi-ure 2. Calc-silicate rock composed of colorless
diopside intergrown with melsnite garnet.
Iote vein of titaniferous idocrase cuts the
diopside and melanite. Plain light (X 4C).

Figure 5. Chlorite rock composed of clinochlore inter-
grown with arndradite. Late vein ol strongly
zoned melanite garnet cuws the rock. Plain
light (X 40).

®igure h. Chlorite rock composed of delessite intergroim
with andradite garnet, note vugy openings.
Fine-greined intergrowths of sphere and pyroxene
produce derk cores in the garnet. Plain light
(x %0).
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Calc-silicate Rocks

{RGC-3T7-50) crops out as a small layered bady about five feet
long and three feet thick, tabular in Zorm and dipp.n; @72 7. 559 E.
with an exposure so poor that the contact resation wit> =he zirpentine
is obscurad. Turther the serpentine is [laky and weathered to a con-
siderable depth, and disging wWes not helpful in determining the nature
of the contact. However, it is assumed that this body was formed by
metasoratisn O serpantine.

The calc-silicate rock is banded ard has crude schistosity and
foliation, with vertical frectures normal to the schistosity healed by
calcite. The light-green bands are composed of chlorite and diopsiade
and the darker green ones contain idocrase, diopside, and chlorite.

In thin section, chlorite is almost cclorless prochlorite with strong
preferred orientation thal is responsible for the schistosity. Diopside
is also colorless and usually forms radieting clusters, whereas graanuler
sgeregates of idocrase cut pre-existing structures in the rock. The
calcite is a late mineral that fills interstitial spaces within the
granular aggregﬁtes and follows the planes of schistosity in the chlorite-
rich bands. Sphene is present as a minor eccessory and where it is in
contact with chlorite, pleochroic halos are produced in the latter, The
inie calcite veins contain silicates that have been enriched in titanium.
For instance, melanite is commonly found with cores of andrasdite or the

melanite may be rimmed by idocrase (PlL. XI, Pig. 1). Smell euhedral

prisms of reddish-brown titaniferous idocrase are implanted in vugy
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areas of the calcite veins. The observed mineralization sequence is
given below.

Chlorite

Diopside

Idocrase Ti-bearing

Calcite
Melanite
Andradite
Sphene _
(RGC-34-50) is the best exposed metasomatic body within the
district and it wes possible to work out some of the details of
mineralization, that were obscured at the other metasomatic bodies.
The geologic sketch map shown in Flate IX piesents the geologic situation.
The rocks crop out in four individual knobs on the crest of a ridge com-
posed of flaky weathered serpentine, and since these calec-silicate rocks
are much more resistant to erosion than serpentin:. they show remarkably
gooa exposures as a result of differential weathering. Both the bottom
and top contacts of the calc-ziliccte body are exposed. The body is
tabular in shape with minor contortions that parri’sl the structure
within the serpentine, and distinct layered sequence is made obvious by
color changes. A columnar section through the cale.:ilicate body, shown
in Plate II, gives the detailed relationships. The body marks a strong

contrast with the dark green serpentine, since it is almost white in the

upper portion and light green it the lover bands.
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The serpentinc-calec-silicate contact although gradationol i
marked by 'fingers' that replace the serpentine along shear planes.
Diopside is tne domirant mineral in the 'finjers' and in wvugy areas
light yellow andrzdite occurs. Thne shcared serpeniine along the contact
is composed of antizorite and relict chromite. Diopside directly re-
places antigorite and where diopside contacts chromite it assumes a
light green color probably as a result of addition of chromium to the
pyroxene lattice. Andradite garnet also assimilates chromium and suec-
trographic analysis of endradite from this locality shows 1 to 5 Cr.
The conieci zore is about six inches wide and within this zone 2 gradual
chanie {rom a diopside-antizorite rock to a diopside-chlorite reock takes
placc. Tne diopside-chlorite rochk exiends abou. one oo dowr Irom the
top conlact and is claracterized by a well developed foliation and
schistosity. Tnis zone cshows strong evidence of deformation during min-
eralization, as small folds, accompanied ty vertical fractures, have
developed. The fractivres are, in part, healed by andradite and relarite,
anrd in the fractures, carnet forms beautiful drusy surfaces together with
radiating clusters of bladed prisms of white diopside. lo evidence of
post-mineralization movenent can ve shown, sirce these delicate drusy
fractures have been per{:ctly oreserved.

Tne transition from the upper diopside-rich zone to the underlying
chlorite-rich zone is mzrked by & sharp color chanme from vwhite to light
green. Tne lower zone s composed domirantly of chlorite (rumpfite)

containing folix of diopside. Tnis zone exhibits schistosivy and
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seems to Te the patzern for nl) the melascoracic bodiec ipvertigated. In

T - - - .
e 45 Tanien one

.ieenT

Smb ANre =
L00C¢ 20T T

exclusive of ine Zradaticnal contaces, wus  arelyzed, Ti: ~eighs paroents
vere recalculzted into nhe siandard rock cell

Sar<h (19%%) in order o de*ermirne <ho actuzl ion exchange (Table 25).

L) - - e + AT N J -
the metagsomatisn of the cerrentice

It can te readily =ccertoined <

vas acccempliched by solutions eariched in C2, Fe, AL, and Ti; and 2
conccnitant removal of 8i, I, ani Ux0. Tre mineralogical commosilion

5f the oiher cale-silicate todiec 25 similer io (EC7-34-50) and i weule

scem lzgoienl <haw The soluticns responsible Jor their formztion camz i

[SPIY R

“he gcamz source,
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TABLE 25. CALCULATION OF THE STANDARD ROCK CELL FOR SERPENTINE
AND CALC-SILICATE
SERPENTINE CALC-SILICATE
Wr. 4 CATIONS WT., % _ CATIONS
510, Li.k7 35.6 34 .69 33.0
Alp0q 1.35 1.k 10.72 12.0
FeO 5.57 k.o 9.76 7-7
Feo0, 2.62 1.7 k.52 5.2
T102 .04 - 1.90 1.h
MnO .24 Al .27 .2
Cal nil - 12.33 12.5
MaO 36.03 46.0 18.46 26.0
K20 nil - .05 -
Naz0 nil - .08 .1
HaO+ 12.05 34 .3 6.88 21.8
120~ .76 - .39 -
CO2 nil - nil -
P20g - nil - traces -
BaO nil - nil -
100.13 100.04
SERPENTINE ALTERS TO CALC-SILICATE

By adding By subtracting

0.1 ions of Na 20.0 ions of Mg

12.5 ions of Ca 2.6 ions of Si

0.1 ions of Mn 25.0 ions of H

1.4 ions of Ti

5.2 ions of Fe

10.6 ions of Al

2Q.9 cations 47.6 cations

Analyst -

W. H. Herdsman



Chlorite

Dinpside

Garnet Ti-rich

Sphene

Perovgkite

(RC0-109-52) is a smzll roughly lenticular outecrop, L feet by 3
feet, that has been mutilated by enthusiastic collectors. The contact,
when exposed, is extremely sharp and is marked by a chemge {rom dark
green serpentine to an almost chalk-vwhite chlorite rock. The surrounding
serpentine shows little or no shearing and ic composed mostly of chryzo-
tile. Thin sections cut zcross the contact reveal an almoust pencil line
sharpness to the metasomatic replacement front in the serpentinz. Tre
chrysotile alters to clinochlore which retains the original siructure of
the serpentine. Small rosettes of diopside have developed within the
serpentine about one inch awey from the sharp contact zone.

The calc-silicate rock is fire-grained and mad= up of wnite necdle-
%ike crystals of diovside. Chlorite and andradite, commonly develoged
near the contacts, are lacking in the central pertions of the hody.
Diopside has 2 crude lineation and is cut by late vains of melanize and
titaniferous idccrase. Perovskite and sphene vere not identified Iron
<his locelity. MNear the contact and implanted on the serrentine, are
perfect crystals of cubic magnetize. Pabst (1951) was the first o
report tnis rare occurrence of cubic magnetite ard his X-ray work in-

dicetes that the pattern of the zubic magnetite dces not differ from the

3

normzel ragnetites of octahedral hehit., Tre coserved wineralization

sequence is given.



Chlorite

Diopside

Garnet Ti-rich

Idocrase

M. 1
Magnetite

(PGC-92-52) crops out as a long narrow vein-like body about two
feet in widitn and about fifiy feet long thei pinches down to one or
two inches in width. The contact bvetween tre serpentine and calce-
silicate is obscured by {laky serpentine debris, but pieces of float
that contain the contact show it to be gradationzl. Diopside and
chlorite extend cut 2lonz shear nlanes within the serpentine. Replsce-
ment of the serpentine by the calc-silicate rocck was followed by
fracturing and shearing with subsequent healing of fractures bty idocrase
and garnet.

This calc-silicate rock is dense, heavy:with well-developed foliation
end lineation; is composed essentielly of idocrase, diopside.and chlorite
(see P1. XII, Fig. 2). Diopside forms colorless eiongate, tladed crystals
which produce a strong lineation, whereas colorless to green chlorite
creates discontinuous folia within diopside. Idocrase is light green,
forming anhedral grains cross-cutting the fabric of the rock. Andradite
fills fractures znd in vugy areas produces drusy surface implanted with
bladed diopside. The late fracture-filling garnets and idocrase are once
azein tinted a reddish-brown, due to late introduction of titanium. The

observed mineralizing sequence is presented.
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Chlorize

Diopside

Idocrase

Andradite Ti~rich

Titano-3ilicates and Sodium Silicate Rocks

The Gem mine is the best known mineral locelity within the HNew
Idria district and has long been famous as the only known occurrence
of benitoite and joaquinite. Of this locality end its minerals,
Louderback (1907, 1909} has given an excellent description that is much
more ccmplete than the one presented here, since he had the opportunity
to study this deposit while it was being mined for benitoite. At the
time of this investigation many of the original reatures had been obs-
cured by slumping, and & dense brush cover precluded a detailed study.

A plane table map ¢f the area was completed and the principal rock types
wez : plotted {Plate TII). Surrounded by sheared serpentine, the Gem
mine is situated within a tectonic inclusion that is more resistant than
-the inclosing serpentine and accordingly forms & small ridge which
extends down to the headwaters of the San Benito River.

The tectonic inclusion contains three distinct rock types; (1) a
~dense, fine-greined greenstone composed essentiflly of pyrcxcne {nesr
aegirine-augite), albite, and chlorite, (2) saussuritized gabbro, (3)
albite-crossite-epidote schist. The relationships of these rock types
may be seen in Plate III, and petrographic description was treated

previously in the section on tectonic inclusions.
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T..2 ~one o7 metlasoratisi is Tcund wnolly with e a2lbite-
crossiie-cpido.2 schist. Tnis zone is elonza“e and consistis of many
irregular na<rolite veins tha. parzallel ~he elongacion. The surrcunding

H

0

cd

D

rocit in —he mineralized zcne heas teen aliered froa wue albiie-cross

3

epidcte schiist fo & vugy and rorous rock impregnated with acailronite and

fiorous crossize (FL. XIII, Fig. 1). Renlacement veins of natrolite

[¢)

form granular ageregatles Lhat project invard o produce cockscomb drusy
surfaces. The center of these veins is usually ogpen and vugy, =2lthough
many perts are comnpleiely fillecé with natrolite. ™“any of ihe open vugs
are filled wizh very fine hair-like pmphibole viose nptics are similer
Lo those of crossite, and these {ivrous rneedles suprort small aggregates
of natrolite. TImplanted on the cockscomb drusy surizaces cre euhedral

~ .

crystals of bplue, tahulzar, ryramids ol oan

ot

ivoite (Pl. XIII, Fieg. 2j

[p]

and briiliant, black crystals of prismatic neptunite. Jeoguinite is

extrerely rare and always is vresent s small, honey-vellow crystals
v T

nos more than 2 ma. in size. Zreenish clote on the surfac2 of ithe

atrolite are coazosed of a core of chnlcocite surrounded by an alter-

ation

5

wmlo of chrysocella. In this present investigation, a new nineral

as teen found in small bluishk-black fivbrous aggreszates wiihin small
veins cuiting ratrolite. Preliminoary worlt indicetes thet this ray also
te a titanium miperal, but insuflicient material is an nand o complete
the descrigption,

Tne niinergiized zone has several post-depocitional laulis accomta-

aied by shearing, alihough extensive delortation Is now apcarent,as many

of =he delicecely implanted drusy surfaces nnve reiained even Lli:e -0st
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PLATE XIIXI. Camera lucida drawings of metasomatic rocks.

Figure 1. C{rossite-natrolite rock from the Gem mine.
(x ko).

Figure 2. Benltoite crystal implanted in a crossite-
ratrolite rock from the Gem mine. (X 40).
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fragile crystals. As is typical, the contact between the tectonic
inclusions and serpentine is strongly sheared. The observed mineral-
izing sequence is presented.

Natrolite

Amphibole

Benitoite

Neptunite

Joaquinite

Chalcocite

On the southeast flank of Santa Rita Peak is a small tectonic
inclusion (RCC-B81-52) that contains numerous natrolite veins with
mineralogy quite similar to that found in the Gem mine. The natrolite
veins are located within an albite-glaucophane-actinolite schist and
follow an elongate trerd similar to the Gem mine. Netrolite forms drusy
surfaces of euhedral prisms and in the more wvugy spots, hair-like crossite
is implgnted on the natrolite. Natrolite impregnation of the host rock
is not ;s extengive at this locality, although the metasomatism is sim-
ilar to thzt found at the Gem mine. The only titanium mineral identified
wvas joaquinite, but it occurs very sparingly. Chalcocite with chrysocoila
alteration halos is quite common. This is the only other locality in
the digrict wiich has a mineralization sequence similar to that found in
the Gem mine and it would seem that the geologic conditions attendant on

the formation of these rare barium-titanium silicates is indeed unique.



Coizin 72 e lelazomy lc Lecis
T reculipor ronlzcenzrl rocuss wWitalin who corzen ine and the Cecelon
n2lusions urecent 2 AiSTiouli avetlo Lo genesls. A crarch ol bz
ccolngic litera urs grceduczed Jew dezcerirlionc of lerositc similar fo
~uoze Tound in e Uovw Idvle dlstvict; therzfore geretic ifmgplicalions Uy
arnlozy are not noscible,
Turner (1633) hac described lime-silicate rasses in serpentines

from Hew Zealand tnat contain antigorite, chlorite, talc, diopside,
carret, magnetite, and idocrase. These rocks, according to Turner, have
been formed by alieration of the original pyroxenite by nydrothermal
vrocesses which tcok place under conditions of marked shearing stress.
Grange (1927) has described grossularite-pyroxene rocks--rodingites of
Marshall (1911).-from the peridotite belt of Kelson, Nev Zealand and
they have been shown to be due to garnetization of a geboroid rock,
under the influence of 'Concentrated magmatic water' actinz probably ac
high pressures. Tyrrell (1951, p. 29) and Arshinov and ierenkov (1930)
h;ve described ard discussed dikes in =he Ural tountains that contain
garnet-pyroxene, garnet-idocrase, and garnet-chlorijte that invade ser-
pentinized herzburgites. They consider that these cale-silicate rocks
are formad by garnetization of micro-diorites and alteration of pyro-

xenite schlieren by calcium-rich solutions liberated in the processes of

serpentinization.

A1) of the recks from these different localities are somewhat similar

to the chlorite and cale-silicate rochks from the lew Idria district, but

they have been related %o alteration of pre-existi rock t s within
Yy 2 L



Crizin - Z liznacoratie loclis
T reculiar cenlacencnt rocks wlit.in he cerpan.ine and a2 geronic
nolucions uresen. o J2i0Ti2uls nrotlom 5 Senenlis. A cSoarch ol Lo
ceslazin litera uro greduced few decceriplisns ol denositc similar %o
“r0ze found in oo lew Tirta dlzsrict; chersfore genetic dmplizationz Ty
analozs ave not roscible,
Turner (19%3) hac described lime-silicate rasses in serpentines

from llew 7ealand tnat contain antigorite, chlorite, talc, diopside,
garvet, magnevite, and idocrase. These rocks, according to Turner, have
peen formed by alteration of the original pyroxenite by hnydrothermal
processes which tcok place under conditions of marked shearing stress.
Grange (1927) has described grossularite-pyroxene rocks--rodingites of
Marshall (1911)--from the peridotite belt of Kelson, New Zealand and
they have been shown to be due ‘o garnetization of a gabobroid rock,
under the influence of ‘'Concentrated magmatic water' acting probably at
high pressures. Tyrrell (1931, p. 29) and Arshinov ard iferenkov (1930)
have deseribed ard discussed dikes in Zhe Ural lountains that contain
garnet-pyroxene, garnet-idocrase, and garnet-chlorite that invade ser-
ventinized herzburgites. They consider that these calec-silicate rocks
are formed by gernetization of micrc-dicrites and alteration of pyro-
xenite schlieren by calcium-rich solutions liberated in the processes of
serpentinization.

All of the rocks from tnese different localities are somevwhat similar
+o the chlorite end calc-silicate rochs from the New Idria district, put

they have been related “o alteration of pre-existing rock types within
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the sermearipes, The wetasomatic rocks rom this district, exclusive

of ine Gem minc material, nave no relict minerals or structures thot
could ve related to reconstituted rock types otper .nan tne cerpentine
itself. Furtheimore, the existence of titepium minerals, zircon, ara-
tite, and other minerals unusuval in ultrabasic rocks, indicates thet

the fluids responsible for the metescmatism came from 2 source other
than *those procecses related to formation of serpentine. Sgpectrographic
anglyses of the serpentines and metasoratic rocks, to te discussed leter,
show no saffiniities with each other.

All of these metasomatic hodies are clustercd arcund ihe zyenite-
campzonite intrusions (Pl. I} and chemicel study of these int:usives
shows a prozressive depletion of Ce, I3, Fe, and Ti ard in the late
stages enrichment in Ja. The calcuintion of the standard rock cell
(Table 25) shows that metasomatisn of serpentire was accomplished by
fluids enriched in Ca, Fe, Al, and Ti. From tnese facts, it would seem
reasonable to effect ietasomatism of serpentire vy fluids which had
arisen from the intrusive during its emplacement.

Abundant evidence of deformation during metasomatism indicates
tectonic zotivity during nminsralization. The intrusions may well have
been emploced during a tectonic pericd and fluids arising from the magra
probably migrated along shear zones:selectively replacing the serpentine.

The titano-silicates Trom the Gem mine rose a speciel problem since
the nineralozy nere is aquite éifferent from that found in the cale-silicate
and chlorite rocks. IHowever, the high titanium and sodium ccntent vlus

the copper mineralization faver the intrusive rocks as a source 9f the



ard furziersore, Tariun mirerzls were rou identified in any of the onle-

silicote cr culorice tcdies. Thsrefore, lhe inirusive rocks cpparently
did not supply Tarium Jor tenizoile apd the other RBoa.rvich uminercis.  Ihe

mo5% likely source of the bariun is from the host roelis thnt mnke up the

tectonie inclusion. 2arite is not uncesmon in nanranesc conceniraltions

evtates <+ Tyranad- I S 4
WLLLID Lne ranciscean ana Lanereg Lo

orizin ol Lhe Gem mine mirerzls 15 one wuaich proroses a muliizle source
for she rare plement ascoemblana, cinee “hiz derpgit taoe nat reculied fronm

-1

- -1 - - =" -
The authior sugcests that Ay

cesulted from o tune Tertuitous

tie ilntrusive roclis

Jith bariumerich zones within the melamoroh

resulied in the crysiallization of ine extremely rare uineral asserblage:

cenpitoite, jozquinise, znd neptunite.
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MIIOR AND TRACZ ELEMENT STUDY OF THE ROCKS AlD MINERALS

Introduction

A comprehensive study of the rocks and minerals involved in the
formation of the metasomatic rocks wilhin the serpentire by speztro-
srapnic methods has been very illumirating and h2lpful in ihe general

problem of :enesis.

o

nple

[+7

Jach rock type anzlyzed represented approximately a wWo poun .
~nis material was ground o Tass ihrough an £0-mesh sieve and a representa-
tive =zplit c¢f =en milligrams was used for the analyses. The snalyzed
minerals were seperated from the same rock specimen used for spectro-
graphic determinations. Quentitative chemicel analyses heve been mpde on
the same matericl used for the spectrocgraphic determirations. Therefore,
in the discussion on the distripution of the elements in rocks and their
constituent minerals, the analyses have been on material from the same
specimen climinating the problem of variations due to poor sampling. The
semi-quantitetive spectrographic analyses followed the proceedure of
Warinz anéd Annell (1953).

Tne results of the spectrographic analyses are presented in Plate 1V,
with the values obtained given in ranges. All ol the elements detected
are reported in the table, but not all of these elemenls are discussed,
particuiarly tﬁe major elements. The sensitivity for esch element is
given 2%t the botton of the table a2rd in the extreme left-hand colunn sample
nutbers are given. Tre lccation of each szmple number may te decarnined

ty usiny the middle digits of these numbers which are tlctted on the

~—

geologic map (Plate I

Seven serrentine rock samples were tzken and six ol these from the

3 -,

~mesdizte arez of the metasomatic rocks.whereas (RGC-101-32) comes from

/7

pot
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the western part of Lie serpentine. The metasomatic rocks and minerals
are divided into the calc-silicate and chlorite types defined earlier.
Tne intrusive rocks were obtained from the White Creek body and this
material is a split of that used Tor the quantitative chemical snalyses.

These analyses were undertaken to determine, if possible, the source
of the metasomatic flulds that formed these curious bodies within the
serpentine and also to establisn fundamental data on the partition of
minor and trace elements in this type of mineralization.

The possible sources for fluids may be enumerated at this point in
order to illustrate how the following observations fit the possibilities.
Since the syenite-camptonite intrusions crop out in close proximity to
these metasomatic bodies, fluids produced during the time of emplacement
could have migrated up along the numerous shear zcnes witnin the ser-
pentine and metasomatically replaced the serpentine and parts of the
tectonic inclusions. If this had happened, w2 might expect to find minor
and trace elements concentrated within the metasomatic bodies that ere
characteristic of an 'alkalic' magma. A second possibtle source are fluids
that have formed by the processes that have given rise to ithe serpentine.
The ultimate source of the serpentine was an ultrabeasic 'magma' that had
undergone crystgllization and emplacement probably acconpanied by ser-
pentinization. The fluids responsible for the metasomatic bodies may
have been the end product of these processes producing solutions enriched
in Ca, Ti, and other elemsnts characteristic of the replacement rocks.
Again if this were the ultimate source the minor amd trace elements within

the bodies should reflect a suite of elements expectable from 'ultrabasic



146

megeast!. Tne third possibility would be a deep seated intrusive which
was not apparent on >he surface, but which may have produced emanations
that were carried upward into the reiastively previous serventire and
metasomatically replaced the serpentine and portions of the tectonic
inclusions. The minor and trace element suite from sguch a2 source again
would be distinct enough to eliminate the iwo previous alternstives.

Tne following discussion is primerily aimed at a possible cerrelation
betvween the observed minor and trace element suite with one of the

three possibilities. Each element is discussed in turn except where two

elements are similar in their geochemistry.

Boron

L« "on showe above average concentrations in the serpentines. Renkama
and Sahama (1950) give an average of 31 vpm (parts per million} for ultra-
basics wherees these serpentires rangz from 100-500 ppm. The calce-
silicate and chlorile rocks vary considerably in boron content but
gererally have a high centent (up to 1C00 ppm). The border rock from
the 3adeiie pods (RGC-105-52) coateins almost 14 boron. An extremely
high content (1000-5000 ppm) was found in the ilmenite from the chlorite
rock (RGC-83%-51). Idocrase and chlorite from the metasomatic rocks show
an enrichment in B when compared to the other minerals. The camptonite
and syenite show 10 ppm B which is similar to that given for average
igneous rocks by Goldschmidt (1954, p. 281). Boron was not detected in
<he minerals from the Gem mine. The hign boron in selected rocks from
tiais area indicates a possible cutside source of boren. Goldschmidt

(1954, p. 281) suggests that a high boron content in such rocks as these
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may result, not from a magmatic source, oput by contamination {rom marine
sediments in juxtaposition with 'intrusive' rocks. The Francsican
formation, 2 marine sediment, is intimately associated witn tie ser-
pentine and appears to oe the loziczal source of the abnormal boron

entountered herc.

ne serpentinec ceonitein 10-500 ppm without 2 positive correletion
vetvween Fe, Cr, or Ti as is commonly found in other rocks. Tne cnlorite
rocks sihiow a slicnlly higrer concentraticn of V (1G0-30CC pLM), again vith
ro positive correlszion vetween Fe, Cr, or ‘Pi. Tluenite from (RGC-83-51)
contains nc V, although the rock as a whole has 100-5C0 pom V. Tais
follows Rankama and Sahtama (1949, p. 595) wnere chey show that V doeg

ro: enrich in ilmenize bhut prefers titanian magnetites. The calc-silicate
rocks show 100-520 ppm V consistently end in these rocks varadium is
noticeably enricined in the chlorite as compered to the garnets, idocrase,
and perovskite. Tne V5+ epvarently supstitutes in the chlorites for A15+

in the oc-ahedral pesitions. The intrusive rocks contain 100-500 ppm

T
)

compzreble to other rocks of this type (Higazy, 1954, p. 50).

Gallium

Gellium was not detected in the serpentine as would be expected since
gellium is camouflaged in aluminum-beering minerals: the serpentines all
contein less than 19 Al. Tne calc-silicate and chlorite rocks averaged

10-50 bpm Ga. It is interesting to note that Ga is enriched in clinochlore
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from RGC-109-52 whnen compared to idocrage {rom the same specimen even
though the Al content of the idocrase is several lLimes greater than
that of the clinochlore. The garnets clso anrear to favor the sub-
stitution of Ga over idocrase. Tne infrusive rocks and wminerals
averaged 0-100 ppm Wwith the exception of the late Cu-Po sulfide from
the veins within the syenite. Tne sulfide shows .1-.5%: Ga showing an
enrichment in Ga during the late stages of the syenite intrusion.
Goldschmidt (1954, p. 329) has shown Lhat sulfides of the ‘tetrahedral!

group comnonly ccntain significant amounts of Ge.

Chromium

The serpentines with the highest Cr content, average 0.1-0.6% Cr,
nnd it is orobably contained within chromite, for the most part. GSince
all the other rocks anslyzed are revlecing, included in, or intrusive
Into the serpentine their high Cr content probably reflecis contaminetion.
Tha chlorite rocks show 100-1000 ppm with some tencdency for the Cr to
concentrate in the chlorites, and ilmenite that has crystellized late in
RGC-83-51 shows extremely high Cr (0.1-0.5%). The calc-silicate rocks
nave the same range in Cr es the chlorite rocks, i.e., 100-1000 ppm.,
although andradite near the borders of the replacement bodies contains
1-5% Cr. Tnhe intrusive rocks contain above normul Cr; canptonite 100-

500 ppm and syenite 10-50 ppm, indicating some serpentine contaminastion.

Titanium
The serpentines contain 10-1C0 ppm Ti which 1s gererally low for

ultrabasic rocks, Faust and Mureta {1955) find an average of 140 ppm Ti
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for seven serpentines and Higazy (195&, p. 53) on several tltrabasic
rocks shows almost 19 Ti. This low Ti content sumrarily excludes the
serpentine as a source of the high Ti in the metasomatic rocks within

the serpeiitine since there is a hundred-fold increase from the ser-
pentine to the metasomatic rocks. The chlorite rocks are extremely
verianble with respect to Ti; a kigh of 5% to 2 low of .05%. The titanium
is concentrated within the minerals perovskite, melanite, and ilmenite
and these minerals may make up a large part of the rock. The calc-
silicete rccks are lovwer in Ti but more consistent than the chlorite
rocks with an average content of .1-1% Ti. 1In these rocks Ti prefer-
entielly enters gernets, idocrasc, and cnloriie in that order. The
camptonite and syenite contain 1C0-500 ppm which is consliderably below
the average for isnesous rocks (0.61%); however, within the syenite
carkevikite contains 1-5% Ti. Tne ultimute source of the Ti in the
metasomatic rocks is obscured,as both the serpentine and intrusive rocks
are oelow everage in Ti when compared to rocks of a similar type; possibly
the late stames of the intrusions produced {luids enriched in Ti since
there were no discrete titanium minerals formed in lhe early stages of

crystellization.

Niobium
Hiobium was not detected in any of the rock splits (sensitivity
.001%); however, in the purified mineral separates from the rocks several
rinerals contained significant emounts of Nb. FPerovskite shows 100-500
ppm, melanite 10-50 ppm, and benitoite from the Gem mine 100-50C ppm.

Niobjum is cosmonly found in perovskite, althougn this, so far as the
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au<hor knows, is the first known occurrence oi significant amounts of

W in zZarnet. Beniioite might be expected to cerry Nb, but neptunite
does not show Nb although it is rich in Ti. Tt is curious that b was
rct detected in the ilmenite from the <hlorite rocks, in view of the

fect Goldschmid:t (195%, p. 503) reports several percent of HNb in ilmenite
from granitic pegmatites. Tne close association of b with rocks of ihe
ater stages of magmatic evolution (sranites and syenites) strongly
sugpests thet the Ho found in the mnirerals Trom the metasomatic rocke

nas neen derived from fluids produced by itre syenite intrusion.

iiickel and Cobalti

In tie serpentine, Co end N snow a constant relationship with
v o (Co- .0L-.1v, i- .l-.é}) and Jollowin; lhe vork of Faust ard
tiarcia (1553) his relatlonstip iz uypical for serrentines derived fron
ultrabasic vocks of 'magratic' origin, or from any igneous rock high in

2* gince Mmi¢” follows i:2" (Weger and Mitchell, 1952). The chlorite

M3
rocks show less nickel and cobalt with I1i=Co (Ni- .01-.05%) (Co- .01-.05,).
In the chlorite rocks Co and i show peferential substitution in the
verious minerals. Perovskite contains 10-50 ppm Co, but Ni was not de-
tected. Melanite shows Ni»Co by a Tactor of ten. The czle-silicate

rocks have a variable relationship with Hir»Co in some wodies and [Ii%Co

in others. Tae andradites from the calc-silicate rocks contain 100-50C

Dot ni; and Co was noti detected. Clinochlore shows strong enricihment in

111 (1C00-3000 pzm) and idocrase consisiently has more nickel than Co.

Tne syenite and cemptonite are similar in nickel. and covalt-content
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with Hi Co (.01~.05%). MNockolds and Allen (1954) in their study of
alkalic rocks show Ni Co in tha eariy stages of differentiation with a
trend during the magmstic descent for those elements to become equal and
in the final stages Co is greater than Ni., Following this datas, it
might be said that the Ni-Co ratio in the syenite suggests that it has
been intruded from a partially differentiated magma. Furthermore, the
similarity of the Ni-Co ratio in the metasomatic bodies when compared to
the intrusive rocks indicates a closer kinship to the intrusive rocks

than to the serpentines.

Scandium

Although not detected in the serpentines, Faust and Murata (1955)
report scandium in 7 out of 9 serpentines analyzed. Scandium was found
in both the chlorite and calc-silicate rocks (10-50 ppm) and it shows
concentration only within ilmenite (100-500 ppm). The low-iron chlorites
did not contain detectable amounts of Sc, but the other mineral phases
within the metasqmatic bodies show 10-100 ppm Sc. Camptonite and
syenite coniain iO—SO ppm Sc with sore concentration noted in the

barkevikite and apatite.

Zirconium
Zirconium may be used in this investigation as a key trace element
to establish, in part, the genesis of the metasomatic rocks. Zr was not
detected in the serpentine nor in any of the other rock splits (sensi-
tivity-.0008%); however, in the mineral separates from the calec-
silicate snd chlorite rocks Zr was found in ilmenite (50-100 ppm), mel~

enite (100-500 ppm), perovskite (50-100 ppm), and idocrase (100-500 ppm).
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In the intrusive rocks Zr was found in albite (10-100 ppm),

barkevikite (100-500 ppm) and apatite (S50-100 ppm). Benitoite from

the Gem mine shows 10-50 ppm Zr. The partition of Zr in these rocks
shows a strong genetic relationship between the metasomatic and in-
trusive rocks. Hevesy and Wirstlin (1934) give 60 ppm Zr as the

average for peridotites, eclogites, and dunites; and Faust end Murata
(1955) find that only two of 20 magmatic and metamorphic serpentines
contain 60 ppm Zr. Therefore it would seem difficult for these meta-
somatic rocks within the serpentine to obtain such e high Zr content
from other than solutions arising from the intrusive rocks. Elaborate
separation on about 50 pounds of rock fram the syenile were made in order
to concentrate zircon for age determination; however, no zircon was re-
covered. Tt 1s assumed that the Zr present in the magma entered other
gilicate structures rather than forming z2ircon and in part may have been
removed by emanations which led to the formetion of the metasomatic

bodies.

Rare Earths
Rare earths were not detected in any of the serpentines or ser-
peuti;e minerals and this agrees with the work of Faust and Murata (1955)
who report no rare earths fiom 20 spectrographic analyses of serpentines.
The chloriie rocks show variable amounts of rare earths with Y >YbZla.
Perovskite from these rocks concentrates significant amounts of rare
earths with Ce=la >Y=ZNd »Yb, and melanite from the same rocks shows

Y>Ta. ‘The calc-silicate rock splits all show rare earths with
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YZla>Yo. Idccrase from tnese rocks sihows o range of rare egrth
content with Y detected in all scecimens and Ce and la present in
(2G0-109-52). Camptonite contains la as the only detectable reore
carth vhereac the syenite shows Y > Yb, Barkevikite {rom the syerite
contains 10-50 ppm Y. The spatite from the syenite contains an inter-
cczing svite o raore carthisc with Ce>Ila>»ld>Y »Dy >»Zr >Yb. Goldschmidt
(1954) has shown that rere earths within a magma mey concentrate within
the apatite and, therefore, the rare eecrths present within the apatite
fromn the syenite should show what rare earths may hsve been present in
magmatic emarations available during the emplacement of the syenife.

The marked similarity between the ruare carths in the metasomntic rocks

when compared to those »oresent in the apatite sugzest a strong genetic

kinship.

Barium and Strontium

Barium p:resents a unique problem in distribution within the New
Idria district, since benitoite, a rare barium titano-silicate (35%
Ba0), is rest;icted to the metasomatic rocks of the Gem mire. Barium
is not found as an essential constituent in other metasoratic rocks
within the district; therefore, the source of the barium is imporiant
in the genesis of tenitoite. The serpentines contain up to 50 ppm Ba
and Sr is not present in detectable amounts (sensitivity 10 ppm).
Faust and Mursta (1955) show barium up io 7 ppm in 'magmatic! ser-
pentines and do not report Sr from these rocks. Tne chlorite rocks

contain 10-1000 ppr Ba and Sr with the Ba-Sr ratios variable from one
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rock to the next. In the chlorite rocks Ba is concentrated in the
late minerals, viz. ilmenite (1000-5000 ppm) 2nd perovskite (100-

500 ppm) and Sr is concentrated in melanite (160-500 ppm) and
perovskite (%00-1000 pom). In the cele-silicate rocks, the Sr-Ba
ratio is consistent with Sr > Ba excent for (RGC-105-52) where the
retio is reversed. Barium shows some tendency to concentrate in the
chlorite (10-50 ppm) and strontium is erriched in idocrase (500-
1000 ppm) . The rock with the highest Ba concentration is the vorder
rock (RGC-105-52) associeted with the jadeite pods and here Ba is
1000-5000 ppm. The cemptonite and syenite show Sr¥Ba (500-1000 ppm)
end the sepza:iated minerals from these rocks have the same ratio and
concentration. Ba exceeds Sr by a factor of 1000 in benitoite and
neptunite. Tne intrusive rocks are extremely low in terium when com-
pared to similar rack types; however, this is to be expected, since
these rocks are extremely low in potassium; and Ba in igneous rocks :s
to a large extent camouflaged in potassium-bearing minerals. The
_ultimate source of the barium in the Gem mine seems to be related to
the host rock as both “he serpentine and intrusive rocks are extremely
low in Ba. Tae barium minerals ere restricted to metasomatic zones
within the tectonic inclusions. As proposed earlier, the barium has
prooably been assimilated from Be-rich zones within the metamorshosed

sedinents present in the tectonic inclusion.

Silver

Silver was detected in many of the rocks and minerals es the sen-

z

sitivity of this element by spectrograrhic methods is extremely high
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(C.1 ppm). Ag is present in all of the serpentines (0.1-10 ppm);
however, Paust and Murnta (1955) have not reported silver in such an
environment. The chlorite and calc-silicate rocks contain 0.1-10 ppm
with some tendency for the Ag to concentrate in the chlorites. The
camptonite and syenite contain 1-10 ppm}scmewhat above Goldschmidt's
(1954) average for igneous rocks (0.02 ppm). Tne late Cu-Pb sulfide

within veins cutting the syenite contains significant amounts of Ag

(500-1000 ppm) .

lead

Pb was detected in two serpentines (RGC-25-50) and(FGC-101-5C),
but it was not detected in the chlorite rocks, although melanite from
these rocks hnas 100-500 ppm and perovskite shows 10-50 ppm. Taree
out of five cale-silicate rocks shovw 10-50 ppm Pb with prochlorite
containing 500-1000 ppm and andradite 10-50 ppn. Tne cemptonite and
syenite contain 10-50 ppm with a marked concentration in the barkevi-
kite (100-500 ppm).

Copper

Copper:was detected in every rock end mineral analyzed and this
affords a good opportunity to examine the behavior of Cu in relation-
ship to substitution or camouflege in silicate minerals within a small
province. The serpentines show a rather high background in Cu end
consistently contain 10-100 ppm. The chlorite rocks have the saume range
as the serpentines (10-100 ppm) and the minerals from these rocks show

the following partition of Cu: chlorite (50-190 ppm), melsnite (100-

500 ppm), perovskite (5-50 ppm) and ilmenite (50-100 ppm). The calc-
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silicate rocks show 10-500 ppm and the minerals therein show the
following partition of Cu: chlorite (10-50 pom), andradite (10-50
ppn), and idocrase (1-100 ppm). The camptonite and syenite show a
very high Cu content (100-1000 ppm) and qlbite and barkevikite therein
ghow 10-950 ppa Cu. The late sulfide in the syenite is mostly chal-
cocite (Cund) and there sesms to be an enrichment of copper in the late
stages of the intrusive rocks. ITn general, the district has a fairly

high background in Cu and the source for Cu in the metasomatic bodies

may be muliiple.

Other Elements

Tin is absent in the serpentine and is below the sensitivity in
most of the metasomatic rocks, however, tin was detected in the ilmenite
(50-100 ppm) and in idocrase (1C0-500 ppm) from the metesomatic rocks.
(RGC~36-50) a chlorite rock loccated fairly close to the small camptonite
‘plug' shows S0-100 ppm Sn. The camptonite shcWws 10-50 ppm Sn while
the sysnite contains no detectable smounts. Here again, there seems to
be strong kinship between the intrusive rocks and the metasomatic bodies.

Moiybdenum was not detected in the serpentines; however, iti was
found to be present very sporadically in the other rocks and mincrals.
Mo is present in the chlorite rock (RGC-36-50) (10-50 ppm), ovrochlorite
from (RGC-37-50) {10-50 ppm), andradite from (RGC-3k-30) (10-30 ppa),
ca]q:silicate (®6C-109-52) (10-50 ppm), and significantly in berkevikitc

from the syenite (10-50 ppa).




159

Tre late Cu-Fo sulfide from veins within the syenite contains
significant amounts of metals; 5C0-100C ppm Hs, 10-50 ppm Au, 100-500
ppn Cd, 1-5% Zu and 1000-5000 pom Bi. The presence of mercury in iuis
sulfide concentra+ion is significant, since the llew Idria district
contains many mercury deposits end it may be’ that these inirusives

produced those fluids responsible for the cinnabar deposits.

Summary

The minor and trace element content of the serrentine is similar
to those serpentines studied by Faust and durate {1955) and knowa to
nave formed from ultrabasic rocks of mammatic origin. There is no
evidence that the peculiar suite of elements found in the metasomacic
rocks originated Irom processes which have given rise to the scrpentire.
Tae nickel, cobalt, and chronium present vwithin the mectasomatic rocks
and intrusives mzy welil have been intiroduced by contamination Irom the
serpentine. Boron and varium seem to have been introduced f{rom the
sediments in juxtaposition or incorporated within the cerpentine. The
striking‘similarity between the itrace elements from the metasomatic
rocks ac comrared to those from intrusive rocks indicates a very strong
consanguineous relationship. The indicator elements within the meta-
somatic rocks that point to the intrusive rocks as their only apparent
source are lip, Zr, rare earths, Sn,znd lo. Hed the melasomatic rocks
formed directly from the serpentire without introduction of m=terial,
it is quite improbabte that the indicator elements listed could have

been mobilized from the serpentine, even though lerze volumes of rock
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were involved. There is no indication that a deep-seated igneous
mass has contributed to the formation of these rocks, unless the
exceptionally high boron content is construed as coming from a
granitic magma.

The sparse data from the jadeite facies indicates that these
rocks are a separate and distinct period of mineralizalion and mey
very well be related to the metamorphism of the tectonic inclusions
either during serpentinization or in a later period of tectonic
activity. The high boron and barium content combined with their
close proximity to the large masses of metamorphosed sediments implies
a very close association between the metamorphism of the sediments and
serpentinization. This association and the unique P-T environment
porbably are responsible for the rare concentrations of jadeite.

It is concluded from th's study of the minor and truce elements,
that the peculiar metasomatic bodies within the serpentine have been
produced by emsnations arising from the emplacement of the syenite

and camptonite.




161

LITERATURE CITED

Adanms, L. H., 1953, A note on the stability of jedeite: Aner.
Jour. Sei., V. 251, p. 299-308.

Anderson, R. and Pack, R. ¥W., 1915, Geology ani oil resources of
the west border of the Sen Joaquin Valley north of Coalinga,
California: U. S. Geol. Survey Bull. 603, 220 pages.

Arnold, R., 19508, Notes on the occurrence of the recently described
gem mineral, btenitoite: Science, new ser., V. 27, p. 312-351k.

Arnold, R. and Anderson, R., 1010, Geclogy and ojl resources of the
Coalinga district, California: U. S. Geol. Survey Bull. 368,
354 peges.

Arshinov, V. and Merenkov, B., 1930, Petrology of thz chrysotile
csbestos deposits of the Krasnowralsky asbescos mine in the
Ural Mountains: Trans. Inst. Econ. Mineral., U.S.S.R.,
no. ks.

Barth, T. W. F., 1952, Theoretical petrology: N. Y. John Wiley and
Sons, 587 pages.

Becker, G. r., 1838, Ceolozy of the auicksilver deposits of the Pacific
siope: U. S. Geol. 3urvey Monograph 13, p. 301-309, 379-38L.

Bolender, L. Ph., 1950a, New Californis mineral-perovskite: The
Minerslogist, V. 18, p. 65.

, 1950b, First jadeite discovery in America: The
Mineralogist, V. 18, p. 186 and 188, \

Bowen, N. L. and Tuttle, 0. F., 1949, The system Mg0-5102-Hz0: Geol.
Soc. America Bull., V. 60, p. 439-460.

Bowman, H. L., 1908, On the structure of pernvskite from the Burguner
Alp, Pfitschthal, Tyrol: Min. Mag., V. 15, p. 156-176.

Brindley, G. W. (editor), 1951, X-rey ifdentification and crystal
structures of clay minerals: Monograph, Clsy Minerals Group,
Mineralogical Scciety, London.

Brothers, R. N., 195%, Glaucophate schists fram the North Berkeley Hills,
California: Amer. Jour. Sei., V. 252, p. 614-626.

Buttgenbach, H., 1957-38, Sur un cristal de neptunite: soc. gébl.
Belgique Annales 61, p. 324-325.




162

Colemsn, R. G., 1954, Optical and chemical study of jadeite from
California: Geol. Soc. America Bull., V. 65, p. 1241.
Abst.

De Roever, W. R., 1955, Genesis of jedeite by low-grade metaimorphism:
frer. Jour. Szi., V. 253, p. 283-298.

Du Rietz, T., 3935, Peridotites, serpentines, and socapstonas of
Northern Sweden: Geol. Foren., Stockholm, Band 57,
p. 13k-260.

Eckel, E. B. and Myers, W. B., 1946, Quicksilver deposits of the Hew
Idris district, Sau Benito and Fresno Counties, California:
California Jour. of ldines and Geol., V. 42, pt. 2, p. 81-124,

Faust, G. and Murata, J., 1955, Unpublished data on trece elements in
serpentine minerals, U. S. Geological Survey.

Ford, W. E., 1909, Neptunite crystals from San Benito, California:
Am. Jour. Sci., kth ser., V. 27, p. 235-240.

Goldschmidt, V. M., 1954, Geochemistry: London, Oxford Univ. Press,
T30 pages.

Gossper, B. and Mussgnug, F., 19284, Cent. Min., p. 27h.

Grange, L. I., 1927, On the rodingite of HNelsomn: Trans. and Prece.
New Zealand Inst., V. 58, p. 160-166.

Griggs, D. T., Fyfe, W. S., and Kennedy, G. C., 1935, Jadeite,
anclcite, and nepheline-albite equilibrium: Geol. Soc.
America Bull. V. 60, p. 1569, Abst.

Hevesy, G. V. and Wirstlin, K., 1934, Die Haufigkeit des Zirkoniums:
Zeits. anorg. allgem. Chem., V. 216, p. 305.

Hey, M. H., 1950, An index of mineral species and verietizs arranged
chemically: British Museum (Natural History), London.

, 1954, A pew review of the chlorites: Min. Meg., V. 30,
p- 277-

Higazy, R. A., 1254, Trace elements of volcanic ultrabasic potassic
rocks of southwestern Uganda and ajoining part of the
Belgian Congo: Geol. Soc. America Bull., V. 65, p. 39-70.

Hillebrard, W. F. and Iundell, G. E. F.; 1929, Applied Inorganic
Analysis: N. Y., John Wiley and Sons.




163

Hutton, C. U., 1938, The stilpnomelane group of minerals: ifir., Mag ,
V. 25, no, 163, p. 172-206.

, 1940, Metamorphism in the Lake Wakatipu region, Western
Otago, New Zealand: New Zealand Dept. Sci. and Indus. Res.,
Geol. Mem, no. 5, 90 pages.

, 1943, Hydrogrossular, a new mineral of the gainet-
hydrogarnet series: Royal Soc. Mew Zealand Trans. V. 73,
p. 174-180,

Johannsen, A., 1949, A descriptive petrography of the igneous rocks:
Chicago, Univ. Chicago Press, V. 1, 318 peges and V. 4,
523 pages.

Kopetzky, I., 1948, Chromhaltiger Chlorit (Kammererite) von Kraubath:
Tscher. Min, Petr. Mitt., ser. 3, V. 1, p. 63-70.

Kranck, E. H., 1928, On turgite and the ijolite stem of Turga, Kola:
Fennia. Bull. Soc. Geogr. Finlande, V. 51, no. 5, 104 pages.

Lake, M. C., 1929, Geolcgic maps of the New Idria mine with brief
description of the geology: Unpublished report, Mew Idria
Quicksilver Mining Co.

Lersen, £. 5. and Berman, H., 1934, The microscopic determination of
nonopaque minerals: U. S. Geol. Survey Bull. 679,
29/, pages.

Larson, E. S., 1942, Alkalic rocks of Iron Hili, Gunnison County,
Colorado: 1. S. Geol. Survey Prof., Paper 197-A, 6, pages.

Louderback, G. b., 1907, Benitoite, a new California gem mineral:
Univ. California, Dept. Geol. Sci. Bull., V. 5, p. 149-153.

s 1909, Benitoite, its puragenesis and mode of
occurrence: Univ. California, Dept. Geol. Sci. Bull., V. 5,
p. 331-380.

MacGregor, A. G., 1931, Clouded felspars and thermal metamorphism:
Min. Mag., V. 22, p. 524-533.

Mackowsky, M. T., 1939, Ubsr die chemisch-physikaliscken Zusamenhange
in den Grsnatsystemen en Grossular-Melanit und Melanit-
titanmelanit unter dem Einfluss des Eisens bzw. Titans:
Chen. Erde., V. 12, p. 123-157.

Marshall, P., 1911, The geology of the Dun Mountein Subdivision
Melson: N. Zenland Geol. Surv, Bull., no, 12, p. 31-35,




164

Megaw, H. D., 1946, Crystal structure of doublz oxides of the
perovskite iype:. Proc. Physical Soc. London, V. 58,
p. 133-152.

Mielenz, R. C., 1939, The geology of the southwestern pert of Sen
Benito County, California: unpublished thesis, Univ. Calif,,

295 pages. -

Miller, R., 1653, The Webster-Addie ultramafic ring, Jackson County,
North Carolina, and secondary alteration of its chromite:
Am. Mineral., V. 38, p. 113h-1147.

Murdoch, J., 1931, Perovskite: Am. Mineral., V. 35, p. 573-580.

Miggli, P., 1936, Die Magmentypen: Schweiz. Min. and Pet. Mitt.,
V. 16, p. 375.

Nocknlds, S. R. and Allen, R., 1954, The geochemistry of some igneous
rock series, Part II: Geochimice et Cosmocrimica Acta, V. 5.,
p- 245-285.

Orcel, J., 1925, Sur deux clinochlores chromiferes du Togo: Compt,
Rend. Aced. Sci. Paris, V. 180, p. 836-838.

Pzbst, A., 1951, Minerals of the serpentine area in San Benito County,
California: Rocks and Minerals, V. 26, p. L78-485,

Palache, C. and Foshag, W. F., 1932, The chemical nature of joaquinite:
Am, Mineral. V. 17, p. 308-312,

Pulache, C., Berman, H., and Frondel, C., 1944, Dapa's system of
Mineralogy: Tth. ed., V. 1, N. Y., John Wiley ani Sons, 834

pages.

Pauling, L., 1930, T™he structure of the micas and related miaerals:
Proc. Nat. Acad. Sci., V. 16, pp. 123-129,

Phillips, R. M., 1939, The general geology of a part of San Benito
County, California: Univ. California, unpublished thesis,

76 pages.

Poldervaart, A. and Gilkey, A. K., 1954, On clouded plagioclase: Am.
Mineral., V. 39, pp. T75-91.

Rankama, K. and Sehama, Th. G., 1950, Geochemistry: Chicago, Univ.
Chicego Press, 912 pages.

Reed, R. D., 1633, Geolcgy of California: Am. Assoc. Petroleum
Geologists, 355 vages.



165

Reed, R. D. and Bailey, J. P., 1927, Subsurface correlation by
means of heavy minerals: Amer. Assoc. Petroleum Geologists

Bull., V. 11, p. 359-372.

Sanero, E., 1933, Sulla prenza della kammersrite n2lla lerzolite di
Locana (Piemonte): Periodica Min. Roma, V. b, §. L73-L84,

Schaller, W. T., 1911, Krystallograpnische Notizen ueber Albit,
Phenakit, und Neptunit: 2. Krist., Band 48, p. 550-558.

Schutte, C. W., 1951, Occurrence of quicksilver orebodies: Trans.
Amer. Inst. Min. Engrs., Tech. Fub. 335, B7 pages.

Shand, S. J., 1927, Eruptive rocks: N. Y., John Wiley and Sons,
4,88 pages.

Shannon, E., 1920, Analyses and optical properties of amesite and
corundophilite from Chester, Mass. and of chromium bearing
chlorites from California and Wyoming: Proc. U. S. Nat. Mus.,

v. 58, p. 3T1-379.

Sundius, N., 1646, The classification of the hornblendes and the solid
§olution reletions in the amphibole group: Sver. Geol. Und.
Arsb., V. 40, no. 4, p. 1-36.

Switzer, G., 19%0, Mineralogy of the California glaucophane schists:
California Div. Mines Bull. 161, p. 51-70.

/Taliaferro, N. L., 1543, Franciscan-Knoxville problem: Bull. Amer.
s Asszoc. Petrol. Geol., V. 27, no. 2, p. 109-219.

s Turner, F. J., 1933, The metamorphic and intrusive rocks of southern
’ Westland: Trans. and Proc. New Zealand Inst., V. 63,
p. 178-284,

s 1947, Determination of plagicclase with the four-exis
universal stage: Am. Mineral., V. 32, p. 389-410.

Turner, H. W., 1896, Notice of some syenitic rocks from California:
Amer. Geoi. V. 17, p. 380.

iyrrell, G. W., Recent advances in Science-Geology: Science Progress,
V. 26, no. 101, p. 26-34,

Wager, L. R. and Mitchell, R. L., 1950, The distribution of Cr, V,
Ni, Cn during the fractional crystallization of a basic
magra, Int. Geol. Congr. Rept. 18th Sess. 19:8, Pt. 2,
p. 140-150.




166

Waring, C. L. and Annell, C..S., 1953, Semicuantitative spectrographic
method for analysis of minerals, rocks, and ores: Anal.
Chen , V. 25, p. 1174-1179.

‘larren, B, E., 1930, The crystal structure and chemical composition of
the monoclinic amphiboles: 2. aArist., V. 72, p. 493-517.

Washington, H. S., 1917, Chemical analyses of igneous rocks: U, S.
Geol. Survey Pirof. Paper 29, p. 1157-1164.

, 1922, The jades of middie America: liat. Acad. Sci.
Proc., V. &, p. 319-326.

Winchall, W. Y,, 1951, Elements of optical mineralogy, Fart 1I,
descriptions of minerals: Hew York, John Wiley and Sons,
551 pages.

Wolfe, C. W., 1255, Crystallogruphy of jadeite crystals from near
Cloverc sle, California: Amer. Mineral., V. 40, p. 248-260.

Yates, R. G. and Hilpert, L. 8., 1945, Quicksilver deposits of central
San Benito and northwestern Fresno Counties, Californie:
California Div. Mines Report 41, p. 11-35.

Yoder, H. S., 1950a, The jadeite problem, Pert I and II: Amer., Jour.
Sei., V. 248, p. 225-246, 312-33/.

, 1950b, Stability relations of grossularite: Jour.
Geol., V. 58, p. 221-253,

Yoder, H. S. and Chesterman, C. W., 1951, Jadeite of San Benito County,
Californ_a: California Div. Mines Special Report 10-c,
3 pages.

Zachariasen, W. H., 1930, The crystal structure of benitoite,
BaTiSiq05: Z. Krist., Band 74, p. 139-146.

Zedlitz, 0., 1933, Uber titanreichen Nelkeisengranat: Centr. Mineral.
Geol., Abt. A, p. 225-239,

51935, Uber titanhaltige Kalkeisengranate II: Centr.
Mineral. Ceol., Abt. A, p. 69-78.

s 1939, Dor Perowskit mineralogische and rontgenographiscle
Untersuchungen an Perowskit, Uhligit, Dysanelyt, sowie an
deren synthetischen Produkten: MNeues Jb. Mineral., Geol.
Palaontl., V. 75, p. 245-296.




“ert gty Quotetnory

*toCCOuS

PR

_o.._

(7]
4]
[

]

o]

EXPLANA TION

Eavder do (Aoxtiy geepentive debns )

Gedare iy awl L ded (S Wiy contovdaed sho'e,
€3 dshce, o~d congtaTercle )

terese formotron (Crgomre shole with several
ferses of scndsiore )

£o cche twr3hoa (Geoy shzle god groy 1o brows,
TCisive, (oacrelotary sardstore}

Secety ¢

Fegrerscan fcemolivn (Gregocches, chert, greenstones,
atd Qloucephore schasts )

Spentte { Srall intrgsorg )

el
N
Alrtered cciy [inchodes vihico ~corkorele sochsin 43
serpeniine o~ oltered s9-9s'0~rs ond thales 31 B

Ttese recks cosfers re ce~raber dedosils
3t the dustact) A

KToan [aget .t

Appren vty ¢ (Yerred lagaticn e Stbe a1 17 ! beds

HIsen G, o Oaertioved beds

cerrebiy fooled o Vernecl teds

o Sy re’e hicohry, a~teds soTe os
€ ted ik

ATt Bnegt e Y et wde

A,pret v ate croarerred tocoton

Bere ficm Idng qi2drong'e, USGS sacvey

1949

: GEOLOGIC MAP
OF THE

NEW IDR!'A DISTRICT
SAN BENITO AND FRESNO COUNTIES
CALIFORNIA

sSGal g

? v LRI
.

RIZE RI3E

o
4,

SonBemto
Fresco Co

~

,_w.a.u ,
on ) ‘
o SWhite Crd




.

EXPLANATION

—kmlﬂ_ Weathered serp

—imﬁl_ Serpentine

_ €5 ] Calc-silicale 1ot

———= Bowdury of merasomatism
= -~ =- Apgrrdimgta boundory

» Oulcrep boundar

Saepe et~y mym

GEOLOGIC MAP
OF
CALC~SILICATE BODY
Verhico' Secton
0Crass

wsp

wew .. PLATE_1

Calc-Sihcole Body

d epside
-melonile qnraet
~diopside
chlcrite
. A chlente
-melonite garaet
- I Jinpside
. mTN LA
e Yo Ilw
L T NS T ~chanile
SASFEET | \\/:..u“:.\
PR -
R Ty -diopside
S35 SN
enhne J\\ AR AR L chlonte
~ 10 Loaggs .
Y — diopside
TN
F2
_M.H/ ~ serpenlue
Y
tec-RGE 33 50 NE 114, SEC 25, RIZE, T18S
w3oyy ty RG Cotman, 1951




EXPLANATION “=---«

[+<)
(7]
L

GEOLOGIC MAP
' OF THE
sp GEM MINE

SAN BEMNITO GOUNTY, CALIFORNIA
7 -~ NE 14, SEC25, RJI2E.,, (188

Sece ™t o sp

Ave STt [Jeeae e OlEeTe (PR3te acch)

sch
e
Aﬁ\ .LAZ:LL.r_ st

etorcmatic reve (Mistly cooxste Sctehde rIcks
© oA aan bewoate, SEDTIVE, S8 EIIANCE) Sp Sea

.kt zed Tataes

AREcte  zereqte mez dete sehist

~-

Halao' 1g vesns

Oresy
i)
. .
mafy , , e
St 2 of seratasiy > _
At
Yroan posite
A,r xsnole locoton
H 1de~ Geology ty AG Coter=1, 1951
e - ¢ —— ————————— e - —— —-— —— J—

__PLATE I

1

]

#




mm.:‘n HTIME

KAMMERERITE

CHLORITE ROCK
DELESSITE
ILMEMITE

CHLORITE RCCK
MELAMITE

CHLORITE ROCK

GHLGRITE ROCK
PEROVSKITE
MELANITE

CHLORITE ROCK

CHLORITE ROCK
DEL €SSITE
PEROVSKITE

CALG-SILIGATE
PROCHLORITE
VESUVIANITE

CALC-SILICATE
ANDRADITE

CAL G-SILICATE
CLINOGHLORE
VESUVIANITE

CALG - SILIGATE
VESUVIANITE

JADEITE FACGIES
AUSITE

CAMPTONITE
SYENITE
ALBITE
BARKEVIKITE
APATIVE
Cu PhSUL FID
ALBITE

BENITOITE
va T :Z_,:.

mMzw_:S T <

300 NL

300¢wo.mm
RGC-35-50
RGC-91-52
RGG-564- 5!
RGG-3- 50
RGC 101 52
RGC-50 51

RGC-83-51
o

RGC- 42 50
RGC-79- 5!
RGG-5€8-5!

RGG-36-50
RGG 517-5t
RGG-57-5

RGG-37-50

RGG m& Su

RGC -109-52

RGG-92-52

RGC -105-52
RGC 51 *°

RGG-45-50
RGG-47-50

RGC-1 SO

GEM MIYME

PLATE v
SPECTROGRAPHIC ANALYSIS OF ROCKS & MINERALS
SERPENTINE COMPLEX, NEW IDRIA DISTRIGCT, CALIFORNIA
" ! ~| v T aa Y QTHER
8[Si Aljca| cr| 'V |[Fe[Ti|Nb|Go| zs?#mo_ﬁ ca[ v |vb[ce|LaNd]na| x_ma Sr|ag|Pb|cu’ sn|mo! uen
L [ . - r— —— e - - - R T . -
S0X XX YuX = "X “OX “X. 00X - -0X .x -.0X *X - % - - - - - - - TUUX T00X “2; - -
TOX XX X — "X "0X X T00X =— “O0X "X *OX *X. - - toX - - - - - - - - - 000X - ..ocx - .
TOX X, *ox - ‘X, *0OXX 00X - *OX "X *OX XX - - t0x - - - - - - - - - ‘000X - .oOx - -
TOXX. oYX - X 00X X 00X - -0X -X *O0X XX - - "O0X - - = = - =~ = 00t - 000X -~ ‘00X - -
TOOXXX X - "X -DOX X. 00X ~ ~-.0X “.X *Y.0X XX - - X - - - - - - T T00K - OOX - 00K -
TOX XX sX - X CPOX X Q00X - "OX "X ‘Ox‘*X - - OX - - - - - - - 00X - pOX - ‘00X -
TOX XX "X - X T00XX YOOX - CO0X "X tOX*X. - - -OX - ~ - - - - - "00X - ..ooox COX* 00X = .
TOX XX ‘¥ ~ XX CO0X X "00X - *QOX X *OOXXX - - *x - - - - - OX o~ ‘000X - 'OXOX - 00X - -
T T T O O T O T e I
H ! . ; i ¢ ! : | ! . . .
ToX X UX, - YUk CLoX ax T X - “OX *OX *OX *x 8x - X 00X TQOX - - - - - fOX 00X - - toox - -
TOX XX X - *OX “OX X 00X - “OX *OX "X *X - *x - - - - - - 00X -~ - - o - -
“X TXOtOX - X - XN XX -~ YOCX TOX "X X .ox 00X ‘tOX - - - - - "0X =~ "X Lo - toaxtoex -
- XX X - TO0X - O0X*)X % - TO0X “ux TOX X CoOX - ' - - - - - - ~ - 00X*00X OX0X oo - -
00X XX *X 00X ~OX *QX'X *X CO0X-00X "OX "X X 00X "O0x XX ‘*ooXx - - -00X - - = TQOX"OX = -OX OX - -
- XX. *X 00X *OX OXx X toxX -~ "OX "OX "X XX 00X - X. - - - - - - - “oox”oox oooX - .c:x . -
- XXX COX " OX ~ UX*X X - "CX "OX "X ‘X -00X - XX *OX 00X - -00X - - - oox.cx OUOX - *GUx -
-t O0Xto¢ - 00X - X XX TOX T00X - - OX - X "00X'OOXXX -OX "00X - X -.X 0X " 0X - “ox ox - oox.oox - -
XX, X 00X " OX *.0X "X *X T 00X 0GX COX "X X ‘OOX-OX XX OX - - TOX - - - toX-ox - - .ox -
TOX XX *x, -~ *OX "X XX *X -~ "OX *OX *OX *X 00X - XX C-OOX'OO00X - - - - - TOX “ox “OOOX - ow« 00X 8;
- XX "X, 00X * 00X - OX XX "X - CO0X COX CX X 00X - X TOOXTOX - - ~ - < T 00X *OX 000X - _Gax - -
TOX XX *X -OOX*COX-.OX'Xx Y@X - -OX “OX "X . -eOX - *X - - - - - - = J0OX o~ t0000X - 0% - -
- X ox SO XX OX " O -~ X “OX "00X-CX XX 06X - -x _.x ox - _ox ox - 00X any
S _ A SR I B _ v “ P
) : ' ' ! ' . g “ - + -
*Ox XX XX - OX -O0X ‘X X - wx 0X X *)x 00X XX T00X - QroxX - - - O0X - -00x ”ox .8ox.8x.oox - o
fOON XX *X  "00X "OX OX X *O% - "OX " OX 'OX *x - - X omx - - - - - - .wwm .%x 00X mx mdcw - X
TOX XX XX 00X "O0X -00X'X "X, - T0OX-0X X "X 00X "OX XX - - - - - - - - ]
0X XX *X - *OX COX "X *X - TOX "OX "X X -0OX - XX 00X "ooX - ~ - ox - 00X ..ox - 000X -OOX “OX - Oxo
- XX X *QOX°X SOOXXX. X - < COX TO0X *.X - OX XX - - - - - - oox.oox - ocx.oox - .8x.
tOX XX X - *Oox -"OX "X *X - t0Ox toY *OX'K C00X - XX -00X ‘000X - wx -~ - -, - ox - - .oox - X
“OX XX X - 0X *OX COX X  *coXx —- *OX "X YOXXX ~ - X - - T - - - .ch... - - .Mo&% N .
TOX XX XX - TOX COOXX X - 00X *OX "X *X -00X “OX XX ‘*oox - -X ‘tox - I - - 00x .ox Lo
TOX XY XX -00XTOX "OX X *X - "OX -“OX -“X *)X -UOX - XX, -00X "000X - - - tox - .8x.ox 000X 8x.oxx c.x - e
TOX XX XX - 00X *00X (00X'X "X - "00X -OX *OX *X -O00X -OX XX. 00X - - - - x - oxirox - - 0 .
X XX ™ 00X Y00X TOX X X = YODX -OX *CX x  -00X - XX -0GX 000X - 00X - X Y X X 0xX -0XOX - ,.ccx - -t
Loom XY N eI QOX - YX CoX - - |_.9:_ ox_-.-_.x_- -, .._l.x. - |.8x_-_:_,8x -
‘ 1 u ) . . _ H ! ! !
| : . |
I T O T T B ! o ] L
; TOOR KX AX TOOX tOX  OX-X. K = 040X YOX XK. 00X - X, = - - 60X - m “w “Wm ”wﬂ .qu%m.wm oox Be
ODX XX XX * 00X -00X -OX ‘X X - -OX -OX uox X 00X - CX. 00X - 00X o - -X *OX ‘OX ‘000X - COX = -
TOX XX XX Y0OX "00OX - *X ".0X - - - oxX X - toox‘'.x - - ) ok o O OOk~ 00w
T XX XX *00x 00X 00X X TO0X - U X !X t.00XOX X, 00X - m Y e «ox ) .wox VX Tox eX S oy te
C X X - - - X Cox - - - tO0X- X “oom o.oxxvm o|y .mux X X 0: 0 X ok Xk v - - AiCdzai
tX XX - - X - - - - - - =00 ] - - - - T Tk ox _ eox .
XX XX -00X "QOX - *X *00¢ - - - ox*ox - .00x "X,
. - - - . -0 - - o -
Wooey - e e XXX cex - - - 00X - 00X .x - - - o xm.x .owx D - N
XX OX - *OX - M, XX -« T0OX .OX XX .. - — e v g ,_ 1 —
T T 2T e Fma [T vt B _ 003|600 I 1] ool o000, o0 83
03 005 cec__ coaﬂaoaﬁloo_ 8.5_80 oot rom~ 8m 80;088 (]} M@.m Mooﬂﬂbuﬁmwﬁm@w_ oo..u..— _ 3 _-@o_ w0 T‘B_ |® )
L SR Dt S R

MELANITE = TITANIAN ANDRADITE

Anolys) Joseph Hallty,
[ . - +
VESUVIAMITE - IDOCRASE Cver 103 XX, Sl esta, 1-5%= X, 5oifesta, - 5%, 05 1%t OX, U'S Geologico! Syrvey
1T X, Lol 8 e mOEK, OXC T Cul®hT TeduX, Ll vuut T L), w5 - CLCI%: TOU00X, L0001 - 00005 % =+ 0000X Wostingtod, D C
Com e uX, Lol , 0T e




