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TNTRODUCTION

The area commonly referred to as the New Idria District is
located in the southern extension of the Diablo Range of the
California Coast Fanges. The rock complex studied is an elongate
serpentine dome about 12 miles long =nd 4k miles wide, situated wholly
within the Hew Idria, California quadrangle (Figure 1).

The Hew Idria Digtrict has lonyg been known as the site of one of
California's most productlve quicksilver deposits. Cinnsbor was first
discovered ghout 185% and since that time, up to 1ok, 437,195 flasks
of quicksilver have been produced. This nroduction is valued at about
%31,000,000 (a flask of mercury nov contains T6 pounds, although this
weight has varied duriny the production history of the district). The .
geolozy of the ore deposite has been described by nany writers, ine
cluding Becker (1038), Bekel and Myers (1946), lake (1929), Schutte
(19%1), and Yates and Milpert (1945). These reports and accompanying
meps have been consulted frequently and in part have been incorporated
into the present study. Since this pregent investigation 1ls not con- |
cerned directly with the cinngbar deposits, the reader is referred to
the above references for a complete description, particulsrly Eckel
and Myers.

' The district is situated in a rugged and isolated pofoion of the
Dieblo Ranze trending about E 40° W. The serpentine dowe is charac-
terized by soft rounded hills, excepting Sen Benito Mountain (Elev.
5248) and Santa Rita Peak (Elev. 5164) which are prominent peaks of

more regigtant serpentine. Flanking the serpentines are resistant
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sedinentary ridges warked by Sampson Peauk (Elev. lavsaob) , San Carlos

Peal (Blev. 4343), and Wright Mountain (Elev. 4560). fTo the south, the
serpenvine dome assumes a echarp ridge form which branches to the east
fron ihe main Diablo Range and is here called Joaquin Ridge. The relief
within the serpentine is sowevhat subdued as a result of the peculiar
way in which the serpentine vweathers. In conirast, the reliel is sharply
increased in the more rugged sedimentary rocks, The total relief of

the area siudied is gbout %,000 feet.

ihe headwaters of the Ban Benito River lie in the central and
western portions of the serpentine. The river dralne to the SW where it
cuts o deep canyon through flanking sedimentary rocks. The northern part
of' the serpentine is drained by Clear Creel whiel also flous BW through
sediumentary rocks amd Joins the San Benjto River ot Hernondez, uvhereas
the southern part of the dome is drained by Vhite Creek which Joins Los
Gatos Creek 1o the south. The drainage divide of the area is deseribed
by a line through San Coarlos Peuk to the unorth and Santw Rita Peal: and
Joaquin Ridge to the south. All of the east floving streams ure swall
and intermivtent,

The serpentine arean is marked by poor soll development and an almost
complete lack of srass and much of the area 1s couplolely bore of vegeta-
tion. In contrast, the ;round cover in the sedimentary rock area is
merked by vwell developed grass and open 0k groves.

PURPOSE

This investigatlon wis undertaken to study a peculiar suite ol miner-
als found within the serpentine and the assocliated rock types; it is a
well Lnown area for the variety of minerals found within the eerpentine,

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



the peculiar and distinct type of local mineralization. Bince this first
account many additional discoveries of small bodies containing cale-
silicates and titano-silicates have been recorded, and recently several
outerops that contain Jadeite were discovered along Clear Creek, increas-
ing the already complex varlety of minerals present in this interesting
area. An attempt was made to correlate these small isolated mineral complexes
with the surrounding and enclosing rocks in order to ascertein if all of
these deposits were related to a single stage of mineralization within
the serpentine or if they represented several distinet periods of mineral
introduction. In conjunction with the problem of origin, detailed ;miner-
alogical studles are herein reported for many of the individual mineral
specles to establish their exact chemical and physical character.

Field work and minersl collecting extended through 1950 to 1952; no
long periods of time were spent in the fielé. although the aggregate time
spent doing field work was about three monthe. Considerable time was spent
in the leboratory purifying and analyzing the mineral species; the methods
used in the laboratory linvestigation will be deascribed in detail. All
of the rock and mineral samples collected are now in the Stanford Univer-
silty collection. The samples are labeled with the author's :Lnitialsl (rac)
followed by the sample mumber and the year collected, i.e., RGC-32-50.
These sample numbers are used in the text to identify the specimen and
also for location. On plate I the sample numbers are plotted at points
of collection in order that the reasder may ascertain the geologle location

of each aspecimen.
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LABORATORY TECHNIQUES

Those minerals which were studied in detail were carefully sepa-
rated from the encloslny rock by variocus technlques to ensure a pure
mineral phase. Since these methods are not sbandard, they are de-
seribed below.,

The Franz Isodynamic Separator proved to be the most ugeful device
in effecting o preliminery concentratvion of a desired mineral. The rock
is crushed to the desired size to ensure that the individual fregments
were free from inclucions, and the sized fraction is then elutriated to
remove the finer dust. The coarse sized material is then passed through
the magnetic separator to effect & preliminary concentration, which was
then cenirifuged with appropriste heavy liquid until & relstively pure
concentrate was obtained. All of the wminerel species analyzed in this
paper were purified in this manner and in all cases the snalyzed ma-
terial was 95¢ or greater in purilty.

Tt wan Tound thet for the complex cale~-silicate and titano-silicate

rocks, the various minernls could be isolailed and grouped by a generalized



separatory procedure. The various steps follow:

1. Ro?k crushed to pass through 100 mesh sieve and then elu-
triated to remove fine dust particles. Further sizing wes
carricd out so that the meterial used for wagnetic sepa-
ration was between 100 and 200 mesh.

2. Avbout 50 grams of the sized material was passed through the
magnetic separator at settings from C.2 amps to 1.% amps in
ateps of 0.2 amps.

5. ERach fraction vas then inspected under the binoculor to deter-
wine the number of minersls present.

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

% Routine optical and micro-chemical methods followed.

This methed of determining the minerals present has wany advantages
over thin seation study, since those winerals present in minor quantities
may be completely overlooked in thin section; vwhereas in a 50 gram sample,
systomatic separation elmost invariably produces enough of these minor miner-
als for a positive identification. TFurther, by magnetic and density frac-
tionation, ideatification of the minerals is facilitated as the minerals
are placed in definite ranges according to their denslity and magnetic
properties. Tabuluted below are the winerals commonly found to be suscep-
tible at a range of field strengihs as determined during this investigation.

The separator was set at e tilt of 5° and a slope of 10°.

Amperage
< 0.2 1imenite - chromite.
0.2 - 0.4 Pe-chlorite - stilpnomelane - barkevikite -
andradite - melanite.
0.4 - 0.6 Mg-chlorites - idocrase - sphene.
0.6 - 0.8 jdocrase - apatite ~ caleite - diopside.
> 0.8 apatite - perovekite - zeolites - calcite.
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Anelyses of the minerals completed by the author followed the pro-
cedures recommended by Hillebrand and Iamdell (1929). These analyzed
minerals posed no particular problems and the procedures followed were
strictly those recommended Por the elements desired.

Density determinations on purified mineral powders were made with a
micro-pycnoneter and CCl, as the licuid. Other density determinatiouns
vere made on the Berman Balance.

Determinationsof refractive indices were made by the immersion method
and the conbination of ‘oils' which matched most elosely the desired opti-
cal direction was messured directly by the Abbe’ refractometer using sodi-
un light. For those minerals which haveindices greater than the lmmersion
liquids, a smell prism was made along the desired optical direction and
the refractive index was determined on a single stage gonlometer by the
minimm deviation method. The universal stage was used to relate the
optical direction with crystallographic direction, and aleo for determi-
nation of feldspar compositions using the method described by Turner (L9T).

The seml-quantitative spectrographic analyses of the rocks and miner-

sls were done on 10-mz samples following the method of Waring end Annell

(1953) .

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

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



have been consulted freely and in part incorporated into this discussion.
The geologic map of the area (Pl. I) is essentially the same ss that of
Eckel and Myers, although the author has sdded or subtracted data where
there was a difference of interpretation. All the major contacts were
walked out and as much of the serpentine area as possible was carefully
investigated by walking out all of its drainage system.

Serpentines, which meke up the largest areal unit of the mapped aresa,
lie between the San Andreas fault on the west and the Great Valley of
California on the cast. The rocks in this area are folded in & series of
anticlines and gynclines trending about N. 70° W. This folding is some-
what coblique to the general trend of the San Andreas fault which trends
N. 40° W. The serpentine is an elongate oval body which is flanked by the
Franciscan formation of Jurassic age and the upper Cretacecus Panoche
formation., Serpentine and flanking rocks form an asymmetric anticlinal
dome. BHckel and Myers have shown that the northeast flank of the dome is
marked by overturned beds and by the irregular New Idria thrust fault
which follows along or near the Franciscan-Panoche contact. The remainder
of the contact around the dome is marked by a shear zZone which is expressed
by topographic lows end where the contact can be Inspected it is marked by
high angle feults or shear zomes. The fault bounded serpentine seems to
have moved upward in relation to the Franciscan and Panoche formations.

The rocks which crop out ln the marea investigated are divided into
six types: (1) Frenciscan formation of Jursssic sge, (2) serpentine,

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

deposits. These have been listed in thelr apparent chronological order and



willl be discussed briefly in that order.

The Franciscan formation has been considered as Jurassic in age
by Reed (1953) and Taliaferro (19%43) end in this perticular area no
fossil evidence 1s present to support or disprove this age. Since the
Franciscan is the basement rock here, ss it is in meny areas, the pre-
Jurassic geologle history is obscure. The Franciscan consists mainly of
greywacke sandotone with some interbedded comglomerate and shales. Minor
in volume but characteristic of the Franciscan formation are thin bedded
lenses of chert essociated with basaltic lavas. The baseltic rocks are
discontinuous and are largely altered to greenstones which are spilitic
in character. The Franciscan formation is at least 5000 feet iln thickness
and the most extensive exposurep are along the southwestern part of the
dome; cleewhere it appears us a discontinuous rim sround the serpentine.
Lorge and small tectonic inelusions within the serpentine mey have been
formerly part of the Frapciscan formation; these have been mapped as
Franciscaen (Pl. I). Mctamorphism of the Franciscan formation hae been
irregular and spotty in the district and has produced a grade of metamorphism
similar to that of the greeyn schist facles; glewcophsne echists of the
Franciscan formation are found within these metamorphosed zoves. The
Pranciscan in other perts of the Cosst Renges is gemerally overlain uncon-
formably by Cretaceous and Tertisry rocks, although in the New Idria
District the contacts between the Franciscan and younger formatlons are
ususlly faulted. The Franciscan formation, thereforve, seems to have galned
its present position by tectonic movements and & direct stratigraphic

sequence with the younger sedimentary rocks cannot be established, A more
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complete discuscion of the rock types within the Franciscen ig given
later in the sectlon on petrology.

The serpentine in the Wew Idris District as well as those gerpen-
tine bodies 'intrusive' to the Franciscan formation in the Coast Ranges
have been conpldered as part of the Franciscan formation and tentatively
are called Jurassic in age. trital serpentine within the lower beds
of the upper Cretaceous rocks in this district shows 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
elonrate bodles of serpentine along the New Idria and other faults where
these separate the Franclscan and Penoche rocks. An importaent festure of
the serpentine is the neture of its contact with the surrounding sedimenta-
ry rocks. This contact 1s nost certainly faulted around the entire serpen-
tine body and evidence of intruclve contect action is completely lacking.
Thege Pfaulted contacts scuggest that the serpentine has been brought inte its
present position by tectonic movement and not by intrusive forces; therefore,
the age of the primery ultrabasic rock camnot be determined by the present
exposed contect relationships. The original movement of the ultrabasic
‘wmagne' (probably & erystelline mush) into the earth's erust may well have
been duxing; the period of meximum downwarping of the Franciscan geosyncline.
Tectonic movermenis following the original emplecement of the ultrabasic
rocks have probably resulied in the serpentinization and upward squeezing
of the rock into its present position. The emplecement of the serpentine
may have been accomplished in several distinct stages, and this vievw is sup-
ported by the presence of sbundant cerpentine debris in nearby sediments of

three widely different ages; in the upper Cretacecus (Panoche formation),
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the late wmiddle Miocene (Biy Blue neisber of the Vagueros formation),
and the Pliocene (Tulare Pormation) as pointed out by Eckel and Myers.
A more detailed description of the petrology of the serpentine is
given later in the text.

The Panoche Tfoimetion, of upper Cretaceous age, consists of shaly
beds and sandotones. It coupletely surrounds the body of serpentine and
Frenciscan rocks, extending to the northwest and southwest away from the
mapped area. The Panoche formetion 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 neer the New Idria mine
it thine to 5,000 feet, As mentioned earlier, the contacts between the
Panoche formation and the older Franciscan formation are faulted and it
ic presumed that the pre-faulting relatlionships were unconformsble, The
basel layers of the Panoche foruation are copglomeratic and contain
abundant serpentine and Franclscan debris cemented with magnesite. The
basal conglomerate grades upward inteo shale and concretionary sandstone
in about egual proportions. Most of the sandstone is in the upper half
of the Formation althoush sandstone lenses are commonly interbedded in
the lower shaly member. The Panoche formation is important with respect
to the cinnsber deposits of the district as most of the larger ore
deposilts are found within the Panoche formation.

The Panoche formation is overlain conforumably by the Moreno shale of
upper Cretaceous sge. The Moreno crops out in a contipuous belt uear ‘the
north edge of the area and is 3,000 feet in thickness in the northwest

corner of the district but thins to sbout 1,000 feet near New Idria. The
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Horeno ls characterized by chocolate~brown to maroon or purple platy
orgenic shale which generally serves to distinguish it from the
Panoche formotion and the overlying Tertiary beds. The Moreno forma-—
tion is made up of cliay shale of clastic origin, organic siliceous
shale with foraminifera and diatoms, and some lenses of arkosie
gsandstone. Targe scale calcareous concretions with megascopic fossils
are commonliy found in the shales.

The Tertiary beds range in age from Focene to Fliocens and
represent several thousand feet of thickness. The beds are undivided
since they have little bearing on the present investipation. These
beds shown only in the northern part of the map (Pl. I), consist
larpely of soft [ray elay which have been interpreted as lske deposits
by "Helenz (1939) and Fckel and lMyers (1946).

Within the serpentine three small intrusive bodies of syenite and
camptonite 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 the headwaters of White Creek
is part of a large landslide mass which pushed out over the Panoche
formation obscuring the oripinal relationships. Fckel 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 actually arrived at its present position across
the serpentine-tanoche contact by landslide action and not by intrusive
action. The age of these intrusions can only be inferred, although
they ore definitely later than the serpentine and by their lack of

deformation appear to be of lite Tertiery age. These intrusive rocks
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are unique in that they have no correlatives in other parts of the
Coast Ranges. Tertiery voleanic and intrusive rocks are common in the
Coast Hanges 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 srea where about four square miles of it
have been mapped (1. T)., These masses are composed of the same
serpentine material that is found alonpg the ridges at their heads.
The Jarger ones have traveled several miles crossing the serpentine-
sedimentary rock contacts and filling vallsy bottoms of the streams
draining away from the dome. Some of the older landslides show con-
slderable erosion of the original hummocky surface. Several have
forced streams to cut new valleys along their edges producing a
peeuliar topography, with the stream valleys having double drainage
around the center filled in by serpentine debris. Many of these
glides are still active, moving slowly during the rainy seasons and
probably more rapidly when triggered by local earthquskes whichvare

common in this region.
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MINERALOCY

The New Idris District has an extensive suite of rare and
peculier minerals, and this study bas attempted to investigate and
describe cystematicelly the species present, exclusive of the nercury
depopits. The minerals characteristic of the metasomatic bodies within
the serpentine were studiled in the greatest detail in addition to those
from other rock types which wore poorly known or exhibited exceptional

development,

FEROVOK I

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 glven as the SE 1/4 of sec. 25,
R. 12 BE., T. 18 8. Four additional locations have been discovered in
this gtudy, all of them within section 25. These localities are
muwbered 34, 37, 56 (original discovery), 57, and 8%: see Plate I.

In these five locslities perovekite assumes several heblts and ex-
hibits a raange of color and crystallinity. Perfect eubedral crystals
are found at locality 56 and here perovskite, associated with black
euhedral relanite and reddish pricss of idocrase, forms drusy swrfaces
end veins within s chlorite rock, Perovskite from localities 34, 37,
and 57 crystallized as anhedral graing or as distinet veins within
chlorite rocke, anl is sometimes completely surrounded by melenite or
forms discontimious veins mixed with melanite. Localities 56 and 83
are the only two exposures which produced euhedral crystals of

perovekite.
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Euhedral perovekite 1s dominantly shiny black grading to dull yellow,
and forms crystals up to one centimeter square. The crystals show cubic
form and are commonly modified by (011) and (11l) faces, Occasicmal
single octahedra are noted, particularly from locality 83, and Pabst (1951)
and Murdoch (1951) report additional forms; (023), (034), (ok5), (311).
The following interfacisl angles were determined on & picked crystal from
locality 56.

100 A 010 = 89°59'30"
111 A 110 = 35°07'00"
100 A 110 = 45°00'00"

Some question regarding the symmetry of percovskite has been raised dy
Bowman (1908), Zedlitz (1939) and Murdoch (1951), since the extermal
symmetry of perovekite conforms to the isometric system, although X-ray
study and the optical character suggest elther orthorhombic or monoclinic
symmetry. Interfacial angles measured on the New Idria perovekite certainly
suggest an isometric chsracter, although optical examination shows it to
be anisotropic with biaxial optics. Perovekite is listed as pseudo-cubic
in Dena's seventh edition (Palache, et al., 1944) and comparison of unit
cell dimensions (caleulated on the besis of lsometric structure) of the
New Idrims perovskite with the cell edge of other occurrences ahowsfg.ir agree-
ment.

New Idria - 7.63 & + 0.01
Urals - 7.645 & + 0.015
Zermatt - T.590 & 2

Crestmore - 7.64 4 + 0.01
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2

PLATE V. Photomicrographs of perovskite crystal cut perpendicular
to the c-Axis. (X 40)
Figure 1. Plain light
Figure 2. Crossed nicols.
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Murdoch (1951) has suggested that perovskite erystallizes in the
isouetrie form and on lowering of temperature inverts to a lower symetry.
This view is supported Ly Megaw (1946) who has shown that synthetic double
oxides of the perovskite type assume different symmetries as a result of
chaning temperature. Controlled heatin accompanied by X-ray studies
could possibly show thot the invercion in perovekite may be a function
of tewporaiure. -

Optileal determinetions by universal stage show that perovskite from
locality 56 is biexial positive with an optic exial angle uf 90° and ex-
trete dispersion, r > v. Following Bowman's (1908) interpretation of
orthorhombic symuetry, ¥ ~ ¢ and ¥ = a. Two types of twinning were noted,
polysynthetic with lamellse pornllel to {001 and the composition plane
parallel to [110]. he twin lawellne chow extinction at i+5° to the

lamingtion. The second type is also polysynthetic with broader lamellae

perallel to {001} and the composition plane parallel to (11l), with paral-

lel extinetion to the lamimation. Plate V phows the twinning of perov-
skile on a section cui perpendicular to the c-sxis. Pleochroism 1s marked
in tho darker varieties by 2 > XK.

A quantitative chemical analysis wes made on purified perovskite from
locality 56 using boih light ond dark naterial, since there was no apperent
dii'ference in theilr physical makeup. The analysis is set out in Teble 1
with density and refractive index dato and it shows that New Idria perov-
skite ic almost pure CaTi0z. A geml-quantitative epectrographic analysis
reveals the presence of Ce and Ia in the range 0.1-0.5) and Kb and
4 in the ranse 0.01-0.057:. Zirconium was also detected in the renge
of 0.005.0.01", the complete spectrographic svalysis is glven in

Plate TV. The lack of extensive substitution for Ca or Ti suggests that

JE T
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Table l.~-Chemical analysis snd physlcal properties of perovokite

(RGC~5GB-51) .
Weight percent Metal atoms

Ti02 5816 <985
Al:,;()a 0. "‘53 »010
Ca ho. 73 985
TR 0.06 001 . W99
Fel 0.15 005

100.0k

Analyst, W. H. Herdsman.

Caleulated density = 4.00 (a, - 7.625).

Density = 4,18 + 0.005 (Berman Balance].

H = 2,585 + 0,002 (miniwwm deviation on prism cut parallel to ce~axis),

Birefringence = 0,002.
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the titenivm bearing solutions were derived from s megme Of basic nature
rather than an alkalic type since No may become strongly enriched in the
acid alkalic rocks. Perovskites from alkelic rocks such as those st
Magnet Cove, Arkansas,and Kalserstuhl, Beden, Germany contain several

percent Ib.

BENTTOITH

Benitoite was First described by Louderback (1907) and (1909) and
since then no additional work has been yeported on the genesls of this
gingular occurrence. Furthermore no sther reports of benitolte, in
place, have apneared, since the criginal neming and description . Reed
and Bailey (1927) recoznized benitoite as a detritel mineral in oil.well
cubtings from wolls located in the Creat Valley of California, end it is
asguued that the source was probobly the ow Tdria loeality. Bemitolte
ig found in a single mineralized vein within a rather large tectonic in-~
clusion within the serpentine (Fil. ITI). The vein is varisble in width,
ghows mumerous bifurcations, and is composed cosentially of natrolite
impregnated with fibrous hair.like bluish auphiboles verying in compo~
sition from crossite to gloucophane (PL. XIII).

Benisolte accorpenied by nepbunite and joogquinite is always found
implanted or jubeided in & natrolite sangue in open cavities of veins as
drusy surfaces projecting invard to the central cavity. The vein walls
are composed of pure white cockscomb natrolite which varles in thickness
from fractions of an inch to several inches. The zeolite grades fimper-
ceptibly into a bluish-green wall rock which is composed of intexrgrown

natrolite and flbrous blue amphibole.
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The mineral forms euhedral ditrigonal-dipyremidal erystals with
{0111} prominent end {0001}, {1011, {1010} , {0110} common. The
largest crystal reported is about two and a helf inches across, although
the average crystel is less than an inch. Color varies from sapphire-blue
to light blue; occasionally benitolte is colorless. A strong bluish £luo-
rescence 1s produced in benltoite under ultra-violet light using both long
and short wave sources.

Benitvoite 1s unique in that 1t is known to occur at only ome locality
in the world and it is the only naturally occurring example of a mineral
in the ditrigomal-dipyramidel symmetry class. The unit cell and space
group of benitoite have veen worked out by Zachariasen (1930) as follows:

ﬂ -~
gpace group: D g n=06c¢

It

2

£3

Trigonal a- 6.60 & to.01
c- 5.7 % ¥ 0.1
e - LATL 5 1
Louderback (1909) had duplicate aualyses of benltoite made but minor
or trace elements were not determined. A purified concentrate of benitoite
was analyzed by spectrographic (Pl. IV) and gravimetric (Table 2) methods.
The optical constents, determined on the materiel used for analysis, are
given in Table 2, where 1t will be noted that Al and some Ti sust be appor-
tioned to 81 in order to give six metal atoms for this group. Ferrous iron
is grouped with T1 and the Ca with Ba. In general this amalytical dats
agrees with that given by Louderback except for those additional elements
determined in the most recent avalyses. It was suggested that the color

varistion might be due to small amounts of some unvecognized element which
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TABIE 2. CHEMICAL AWD PHYSICAL PROPERTIES OF BEWITOITE FROM
THE CGEM MINE.

1 2 3 I METAL  ATOMS
2102 b3 58 %%.79 43.61 43,40 5.93
6.00
Alp0n - 0.11 .01
.06
TiOn 20.18 20.00 19.50 20.04 2.06
2.00,2.02
FeO - - 0.22 .02
Rad 36 . Bl %5 .31 37.01 %5 .60 1.96
1.97
Cal - - - 0.04 .01
Ha0 + - - nil
120 - - - 0.19

100.08 100.10 100.12 100.60
PROPERTIES OF WUMBER A

Omepa = 1.755 F .002
Epeilon = 1.800 + .002 (minimum deviation on cut prism)

UNTAXIAL POSITIVE, (2V of 20° noted in straived erystal)

¥ = colorless
% = light to deep blue DENSITY = 3.67 + .003 (Berman Balance)

l, 2, and 3 - Analyses teken from Louderback (1909), analyst Blasdale.
4 . Analyst, R. f*. Coleman.
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could produce the coloration. Spectrographic anslysis of the blue mote-
rial shows 0.001-0.005). ¥, 0.01-0.05: Wb, and 0.001-0.005% Cu and it

would seem that the blue coloration might result from these trece elements.
Further investigation along spectrographic lines to determine what trace
elements are characteristic of the different colored varieties should be

carried out.

NEPTURITE

Neptunite is the most abundant Ti-.silicate in the natrolite veins
of the Gem mine, vhere it forms single, elongate crystals with distinct
prismatic kabilt, embedded or implanted on natrolite and asscociated with
benitolte and Jjoaquinite. Neptunite prisms are usually attached at one
end only and have grown outward with complex terminations on the pro-
Jeeting end. The dominant forms developed on these crystals are {1.00},
{110} ’ {001} s and {11]:8 . 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
implanted on the pure white cockscomb natrolite. The neptunite is found
in the same relative position in the natrolite veins as the benitolte,
that 1s, forming drusy surfaces projecting inward to the central veln
cavity. Along parts of the mineralized natrolite veins, neptunite com-
pletely covers the surface of the vein walls to the exclusion of other
minerals. Neptunite has been found only within the minerslized veins of
the Cem mine. Louderback's (1909) analysis of neptunite together with optical

date determined on other than analyzed material are presented in Table 3. A
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TABLE 3. CHEMICAL AND PHYSICAL FROPERTIES OF NEPTUNITE
FROM THE GEM MINE

VEICHT ¢
510z 5% .44
T1i0s 17.18
FeO 11.23
Mz0 1.82
Cal 0.25
MnO 1.78
Naz0 9.1%

K20 _ _,?___?,Li_
100.18

ALPHA = 1.692 ¥ .002

cAMMA = 1.708

OPTIC ANGLE = 66° * 20 ()

EXTINCTION AMGIE, Zac = 16°

OPTIC PLANE IS PARALIEL TO (010) WITH Y = b

DENSTTY = %.21 ¥ .005 (Berman Balance)

Chemical analysis from Louderback (1909}, analyst, Blasdale.
Optical and density determinations (by Coleman) were not made
on the analyzed material.
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semi.quantitative spectrographic analysis for optically studied
material is listed on Plate IV.

A perfect prismatic cleavage is developed parallel to {1103 forming
an intercleavage angle of 80°; this can be seen in sections cut normal
to c-oxis. X-ray crystellography by Gossner and Mussgnug (19%1) shows
nepiuniie to be wonoclinic with unit cell dimensions given below:

8o = 16.5% by
by - 12.64 &
¢o - 10,0 {
veta - 115%2h"

Further notes on neptunite from the Gem mine have been published by

Arnold (1908, n, %12), Schaller (1911, n. 5%5), and Buttgenbach (1937-38,

D. 328),

JOAQUINTTE

Joagquinite is one of the varegt minerals found within the New Idria
District and like benitoite lie occurrence here 1s unigue. Louderback
(1909) deseribed Joagquinite as & new mineral from the Gem mine end Palache
and. Foshag (1952) restudied it. No later work on joaguinite has appeared
in the literature.

Joaguinite is speringly esssociated with benitolte and neptunite as
smpl). evhedral crystels (up to 2 mm), honey yellow to brown in color and
with pyremidal and flst tebular forms predominating.

A second locality for josguinite was discovered during thie 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 loecality RGC-81.51) in
serpentine. Benitoite and neptunite were not found associated with
joaquinite, although the mineralization of the host rock is similar to
that found &t the Gem rine. The chemical and physical properties are

summarized in Table L,

GARNET GROUP

Garnet is quantitatively an jmportent minersl in many of the meta-
sometlic bodies within the serpentine, and in restricted parts of the
serpentine garnet is an important mineral locelly. Titanian andradite
(melanite as used by some authors), is the most abundant garnmet in
those metasomatic rocks which have & high titanium content, where it is
associated with perovskite, sphene, apatite, idocrase, and chlorite.
Andradite 1s commonly found in the unaltered serpentine or in the periph-
ery of the metasomatic rocks where the Ti content is low. Uvarovite is
commonly associated with small peds of chromite within the serpentine and
may be intergrown with kammererite. Grossularite and hydrogarnet are
found associated with the Jadeite bodies, and spessartite is present in
the syenite as evhedral crystals, The low-grade metamorphic rocks
peripheral to the serpentine contaln garnets in some facies.

A detailed study was carried out on a Jjet black titanien. andredite
from RGC~42-50 (see Plate I for location), & metasomatic rock within the
gserpentine. The titanisn sndradite occurs as cuhedral dodecahedra

(0.1 to 0.5 cm) implanted on chlorite (rumpfite). In thin section, the
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TABL® “, CHEMICAL AND PHYSICAL PROPERTIES OF SOAQUINITE
FROM THE GEM MINE.*

YEIGHT PERCENT
$10z 36 .4
Ti02 30.5
Fel 3.5
Bal 24 .7
Nax0 h.6
M0 . __(3_2_

100.0

ANAIYST .. W. F. Foshap
ALPEA = 1.748 7oY>¥% AB3ORPTION IN YELLOW
BETA = 1.767 OPTIC SIGN = (+)
CAMMA = 1.523 2V = 50°

DISPERSION - R<V PERCEPTIBLE

DENSITY = 3.89

#* A1l data in this table taken from Pelache and Fosieg (193%2).
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garnet shows & strong zoning manifested by a change in color from core
to periphery of the erystals. The core is usually very light brown and
grading outward the absorption increasses to deep reddish-brown in steedy
progression although in some cases the zoning is strongly banded which
sugcests an omeillatory process during growth (see Pl. XII, Fig. 3).
Foninz is common in titanian andredite from other locali‘ties . Some
variation of the refractive indices was noted between the rims and core
material (Becke line) but not enough to measure; however, other physical
and chemical properties of thesé zoues were messurable. All of these
garnets are anisotropic with a birefringence of sbout 0.004 and, oc-
casionally, dodecahedral twinning as described by Winehell (1951) was
ohserved., The titanian andradite was purified by centrifuging and the
darkest peripheral zones of the garnet were used for the amalysis

(Table 5).

The analysis of the New Jdria titanien andradite when cowpsred to
published analyses of andradite shows excess titonium and s deficiency in
silica and ferriec iron. This deficiency appears in all cases where titani-
um hes entered the lattice of the andradite molecule tc form titaniferous
garnets. All published analyses of titanlan aﬁdradites and schorlomites are
found to be defiecient in both Fe3+ aund SiH when recalculated to fit the
gtandard garnet formula. If the excess Ti is aepportioned between silica
and ferrie irvon most of the titanilan andradite and schorlomite analyses it
the standard garnet formula RaRp(8104)a. Thus it vould appear that if Ti
is introduced into the andradite lattice it may ocoupy either the s1** or

Te®* positions. When the analysis of the New Idris titanian andradite

ic calculated on the basis of 12 oxygens per unit cell, the excess Ti was
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TABLE 5. CHEMICAL AND PHYSICAL PROPERTIES OF TITANIAN ANDRADITE
{ROC-42.50) .

Wo. G METAL ATOMS IDRAL
5i0xn 30.Th 2.55
3.00 3.00
R
Als0g L8 AT
02
FesOs 17.67 1.10
) 1.8 2.00
7102 11.36 Tl
FeO .99 .07 ]
MnoO () 04
> 5.2 .00
Ca0 %%,51 2.98
M0 .25 03
Ha0 +  nil -
a0 - .08 -
100° 1k

N o= 1.857 o 1.860 ¥ .002

DENSITY = 3.625 & 0.003 (pycnometer, 23°C)
Q

LATTICE CONSTANT = a5 12.10 A ¥ .01

AVALYST . R. (. Coleman
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, placed in the octahedral positions and most of the Al vas apporivioned
. ) 1. Ay e o g o v p o
to the SI posilions in order %o bulaunce the excess positive charge
produced by Ti in the Pe3* positions. If the excess Ti is considered

to replace 81 @ satisfuctory balance is found, although reasons for

the present apportlonment will be discussed later.

[ A tiltunion andradite (schorlomite) analyzed by Zedlita (1933)
contained 17.30 percent TiOz and only 20.85 percent Si0z, thus im this
gurnet wuch of the titaniun must be in tetrahedral coovdination. In
caleulating the Cformula for this garmet it is necessary to apportion

1 0.7y of the Ti for 8i to bring the smouni of wetal atoms in betrahedral

covrdlnatlion up to the theoretlcal value of 3.00. Since the size of

=20 AN

the 91 tom 1o 0.6% X and that of Al is 0.57 A, both larger than Si
(G539 K) , uliere wmuet be some increase in the cell edge of the garned
lastlce to accommodate Ti and/or AL in the Si positions.

Zedlitz (1935) has shown that this is truly the case in those

5,

titaniterous gurnets analyzed by hiw. Zedlis

f

plotted the unit-cell
dimensions of the analyzed parnets against the wmoleeular percent of
110, ond it vas shown thet there was an almost straight lise increase of
unit ecell size with incresmsing TiOp. In the present study, Zedlitz's

| values have been supplemented with additionsl garnets apalyses and all
ure plotited in a similer fashion (see Figure 2}, 1Ia order to deternine
if only ©i apportioned to the tetrahedral Si positions was responsible
for the lotiice expsnsion, another plot vas made (pot shown) using the

. vl gpporvioned to the Si positions plotied against the univ cell size.
| This plot shows a sironger divergence tyrom & straight line fumction

than that in Figure 2, and 1t seems that the total titaniun in the

Srm e+ s ey

‘——-—
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MOLEGULAR PROPORTIONS OF TiO, IN GARNETS
SOURGE TiO % UNIT CELL IN A

I-NEW IDRIA i.36 12.10
2-MAGNET COVE, ZEDLITZ (1933,1935). 4.60 12.019
3-JIVAARA, ! ! 17. 30 12.143
4-KAISERSTUHL, . " 12.10 12.104
S-REZBANYA,  MACKOWSKY (1939). NiL 12 .001
6-SPARTA, " " 0.75 [1.988
7-OBERBERGEN, ) " 9.38 12.104
8-11WAARA, " " 1277 12.139
9-IRON HILL, LARSEN (1942) 5.08 12.05

FIGURE 2. RELATION OF UNIT CELL SIZE AND TiOp CONTENT IN TITANIFEROUS ANDRAD
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structure controls the expension uf the gornet unit cell.

The tltanium comient of several garnets from the New Idrila District
vas determined indivectly by measuring the unit cell and estimating the
Ti0. content from Figure 2. The Ti0z content determined in this manver
suggests that all the gurnets found in the replacement veins mumst cavry
ranglag awounts of tiltonium (Table 63, The first two garipets listed
ure irom different zones within the seme garnet. The core is a lighter
colox tinm the ria with an apparent increase in Ti0.» from the core wute
verd.  The titanium andradite (RGC-50-51) is associated with perovekite,
chlorite, nnd ldocrase. The last two garnets in Table & are from the
same metasomatic rock (REC-34-50) and a spectrographic analysis oi the
Light reen andradite shows 1-54 Ti, or 2-8% Ti0z. Thals value asyoes
satisfyctorily with the T10; content determined from Figure 2 and it
would uppear that the color of the Hew Idria garapets is not a rue index
of sanller quuntitles of Ti substituting in the garnet sivucture.

Cogpuricon of the refractive index of analyzed New Idria titanian
andrradise with thet of other titaniferous gernets from the literature
shows thai the Cformer hes a lower refractive index thon that ordinarlly
found and % is suggested that in this instance the excess 1% mainly
replaces Fe®t and not Si. Thus the refractive index would remailn about
the same as that of andradite. TFrom the data preseated in Table 7 it
is appurent that the refractlve indices of tlitaniierous gurnets sre not
necessurrlly o function of their titunium content, although a wore
complete study of these garnete could possibly produce a satislactory
explanation for the anomalies produced by Ti substitution in the

andradite lattice.
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TABLE 6.

5a

DETERMINATION OF TiOz CONTENT FROM UNIT CELL MEASUREMENTS.

UNTIT CE
SAMPLE No MINERAL i ﬁ“ Ti0n &
REC.-42.50  TITAWIAR ANDRADITE, BLACK (RIM) 12.12 14
RGC-42.50  TTTANTAN ANDRADITE, BROWNISH 12.08 10
BLACK (CORE)
FGC-56.51  TITANIAN ANDRADITE, BLACK 12.11 13.5
RIC-34.50  TITPANIAN AWDRADITE, BROWWISH 12,06 8.5
BLACK
ROC~34.50  AWDRADITE, LIGHT GRERN 12,06 8.5

it cell weasurements made by A. Pabst.
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TABLE 7. TREFRACTIVE INDICES AT Ti0z CONTENT OF TITANIFEROUS

CARNETS ,
LOCALITY N Ti0p %
1. M IDRIA, CALIF. 1.86 11.36
2. TRON HILL, COLO. 1.907 5.08
%. TIRGA, FINLAYD 1.90 6.3%
4. ROCCA, ITATY 1.9% 3.70
5. MAGNET COVEE, ARK. 1.94% 16.90
6. JIVAARA, FINLAND 2.01 19.00

2. larsen (1942), %. Kranck (1928), %,%,6. Winchell (1951).
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The close similarity of the optical and physical properties of
the dark garnets to the light colored andredite garnets led to a more
detailed study of the andradite garnets found in the metasomatic bodies.
Tn the contact zone of cne of these bodies (RGC-~109-52) & colorless to
light green andradite was found that showed well developed dodecahedral
form up to 0.1 cm in diameter. Diopside, idocrase, and chlorite are
aspoclated with the gernet. The light colored andradite grades into a
dark titaniferous garnet in the central portion of the metasomatic calc.
silicate body. An enalysis of the andredite is presented in Table 8
together with the physical properties,

This andradite shows wesk birefringence similar to that in
titanian andradite described earlier but does not exhiblt the twinning
characterictics of that mineral. The analysis shows excellent agreement
with that of other analyzed andradites found in the literature. In
comparing this anslysis with the analyzed titanian andradite from New
Idrie, it can be readily seen that ferric iron was replaced to a
prepter extent than silice in the formation of the titanian andradite.
Therefore, if the excese alumina replaces silica and all of the titanium
replaces ferric iron, the physical constenis of the titanisn andradite,
i.e., density, refractive index, should not be redicelly different
from andradite; as the atemic weights of titanium and iron are compara-
ble as asre their ionic refractivities. If this generalization holds
true, it might well explain the similarities (optics and density)
between the andredite and titanian andradite of the New Idria District.
On the other hand if the titanium enters the andrsdite structure and

replaces silicon in preference to ferric iren it should be expected




TABLE 8. CHEMICAL AND PHYSICAL PROPERTIES OF ANDRADITE
GARNET (RGC-42-50).

Wo. @ METAL, ATOMS IDEAL
510z 35.33 2.96
.0k 3.00 3.00
Al203 2.98 .30
26
Fez0s 25,48 1.60
P40n 57 Ol L i
1.96 2.
Fe0 .52 .ok
MnO .22 .02 .
3.11 %.00
a0 33,76 3,02
Mz . Th .09
HeO+ nil
Hz0- .38
799.98

W= 1.879 7T .002
DENSITY = 5.717 ¥ 0.003 (pycrometer, 24°¢)

ATATYST . W. H. Herdsman
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that the density and the refractive inﬁices would be redically different
as the atomic weight and ionic refractivities of silicon and titanium
are not similar. On this baesis, the titanium in the titanian andradite
vas apportiloned to ferric iroa because the refractive index indicated
very little substltublon of titanium for silicon. When the indices end
densities of the garnets from the metasomastic and serpentine rocks are
compared, their constant nature is remarkable considering the amount of
substitution (Teble 9).

Grossularite has been reported from the New Idrie District by Pabst
(1951, p. 482) and Yoder and Chestermsn (1951, p. 3). Although the
suthor was unable to find grossularite, minor concentrations of hydro-
garnet were found associated with the jadelte pods in a prehnite-rich
rock. The hydrogarnet wekes up to 107 of the rock and occurs as granular
rasses intergrown with prehnite. Individual graeins of the hydrogarnet
show distinet zoning which is manifested by differences in refractlve
index. Frowm the core outward the refractive indices increase in value.
A portion of the rock showing a high conecentration of hydrogarnet 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 compositionel range of the zoned hydrogarnet.

The determinations show that the zones of hydrogernet fit nicely into
the grossularite-tricaleium aluminun hexahydrate series as described by
Hutton (1943, p. 1T4) and by Yoder (1950b, p. 2hk3). These data 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




57

TABLE 9.--REFRACTIVE INDICES AND DENSITIES OF THE NEW IDRIA GARNETS.

SAMPLE HNo. MINERAL N DENSITY

RGC~34-50 LIGHT GREEN ANDRADITE 1.8% I ,O0*

RGC-109-52  DARK BROWNISH BLACK MELANTITE Y 1.863 -

RGC-109-52  AVDRADITE (ANAIYZED) 1.879 3.TLT
ROC-6T-51 ANDRADITE, LIGHT GREEN 1.863 -
RGC-92-52 ANDRADITE, LIGHT GREEN 1.863 -
RGC~-3T7-50  MELANITE, BROWNISH BLACK 1.863 -
RGC-42-50  MEIANTTE, BIACK (ANALYZED) 1.857 3.625
RGC-56-51.  MELANITE, BLACK 1.866 3.72
FGO-34-50  MELANITE, BROWNISH BLACK 1.866 3,71
RGC-14-50  AWDRADITE, LIGHT YELLOW 1.869 .68
ROC-27-50  ANDRADITE, LIGHT GREEN 1.862 3.78

# NMigh density mey be due to chromium, spectrogrephic analysis showe

1/Melanite is used here as & SYnONyH of titanisn andradite.
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174 1= ° Grossularite- Ca, Al (Si
. °3A1p(5104)
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A - Hydrogarnets from jadeite facies RGG-105-52,
® - Points taken from Yoder {(1950).
FIGURE 3. RELATION OF REFRACTIVE INDEX TO DENSITY IN THE
GROSSULARITE - TRICALCIUM ALUMINUM HEXAHYDRATE
SERIES. SIX SEPARATE ZONES OF NEW IDRIA HYDROGARNETS
PLOTTED; NUMBER ONE, INNER ZONE GRADING OUTWARD
TO NUMBER Si!X, THE PERIPHERAL ZONE.
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and the peripheral zone extends up to hydrogarnets. According %o
Hutton no natural minerals of the series more hydrous than plazolite
have been found, and therefore this appears to be the first recorded
case of a natural hydrogarnet containing almost 1% HaO.

Yoder (personal communication) has found that synthetic hydrogarnets
assume @ zoning similar to the naturally ccceurring materisl described.
Since this synthetic material was produced in open tubes ai constant
temperatures and pressures there may have been some leaching of siliea,
therefore, the zoning of the hydrogarnets cannot, as yel, be cxplained

experinentally,

PYROXENE GROUP

The New Idria District is particularly noteworthy for the variety
of pyroxenes present inm the different rock types. The serpentine is
characterized by the orthopyroxenes, the dynamothermal metemorphic rocks
by Jjadelte-acmite, the metasomatic rocks by diopside, and the late stages
of the syenite intrusion by aeglrine-sugite. In wany cases, pyroxene is
the dominant mineral end therefore is quantitatively important in the
petrology of the district.

ihe first suthenticated outerop of jadeite in California vas estab.
lished by Yoder and Chesterman (1951) along Clear Creek within the serpen-
tine. It seemed desirable to make a complete study of the jadelte since
there hes been considerable interest in this particular locality. The
jadeite is found in small veins cutbing 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 dealing
vith the petrology of the district. The vein jadelte is coarsely
crystalline and almost pure white whereas jadeite from the pods is vari-
egated with fractured green jadeite healed by anastomceing veins of white
Jadeite. Prehnite, hydrogurnet, thomsonite, and minor sphene &re asgocl.
ated vith jadeite pods, while veln jadeite is Pfound with alblie, analeite,
netrolite, and thomeonite. The detailed study of the jadeite was carried
out on the white vein material which is almost pure jadeite (Coleman,
195, ‘The analyzed material was very carefully purified by centrifuging
in heavy liquids and the resultant concentrate is 99.5% pure with possibly
a2 minute amount of amaleite present as inclusions, Two additional analyses
of Jadeite collected by Yoder and Chesterman from Clear Creek were cbtained
from George Switcer. The analyses of the vhite Jadeite accompanied by
physical properties are presented in Table 10,

These two independent analyses of the white Jadelte from Clear Creek
definitely establish this materinl as an almost pure jadeite. Recaleu-
lations of these analyses on the basls of six oxygen to the unit cell
show a4 close correspondence to the ideal formula for jadeite {Table 10).
Ir analysis number 2, sodium appears to be somewhat low, although this
may indicate differences in the two snalytical methods. The high water,
in number 2, may be accounted for by the presence of analcite as an im-
purity. Some of the aluminum in anslysis number 1 proxies for Si,
although according to Yoder (1950a) most of the sluminunm must be in

six-fold coordination to allow for the closer packing and thus higher
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TABLE 10. CHEMICAL AND PHYSICAL PROPERTIES OF WHITE JADLITE
FROM CLEAR CREZK.

I U
1 METAL ATOMS e METAL ATOMS
510 59.06 1.99 :
-Ol 2‘00 59'}8 2-00 2.00
AlnOs 24 62 .98 1 25,82 1.02 )
97
Ti0a .08 .002 0% -
> 1.00 r 1.03
FepQg 41 .018 b5 Nexl
Fel .18 .006 ] trace -
MnO 03 - -
R
10 7 .008 2 .003%
Cal .35 .012 .13 .005
% 1.00 0.88
¥an0 .05 .983 1%.40 876
a0 o1 J .02 - j
20 0% - 22 -
Cre0s 0L
99.96 98.75

PHYSICAL PROPERTIES OF No. 2

ALPHA = 1.654 ¥ .002
BETA = 1.657
CAMMA = 1,666

DENSTIY = 3,43 & .00%
{Berman Balance)

OPTIC ANGLE = TOC
EXTTICTION ANGIE = 34°
¥ =Y = 2 COLORLESS

HORM
FL 2
4 91 98%
ai 20 14
ac 14 1

1 . From Switzer (Avalyst - E. H. Oslund, U. of M. Lab.)

2 - Anglyst - W. H. Herdsman.
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dengity of jedeite. The optical properties of the jadeite compare
favorably with those of other published deta (Teble 11). A further
comparigson of the analyzed material from Clear Creek was made on the
powder diffraction pattern with the published data of Yoder (1951) . The
indexing of the lines was kindly done for the author by Daphne Risgka of
the U. S. Geological Survey (see Table 12). The close agreement between
these X-ray powder diffraction measurements indicates without a doub®
that the Clear Creck material is one of the world's beiter localities for
pure jadeite. Wolfe (1955) has described a second locality of jedeite
from Cloverdesle, California and his cereful erystallographic study shows
well developed crystals of jadeite (9 jadeite - 6: dicpside) formed in
two generations in small veins cutting glaucophane schlst.

Optical determinations on the green jadeite assoclated with the
white jadeite indicate that considerable Ca, Mg, and Fe5+ are admixed
with this variety. A chemical anslysis of the green material kindly put
at the disposal of the writer by Ceorge Switzer, shows about 10+ diopside
and 147 acmite.

Jedeite has also been found as a crystalloblastic congtituent in
one of the metemorphic rocks (RGC-T7-51) forming a large tectonic inclu-
gion within the serpentine about 3/11- of 5 mile north and east of the
Clear Creek locality. Mielenz (1939) was the first to recognize that
jadeite was present in the schists of this ares.

Tn contrast to the jadeite from the metamorphic rocks, the calcium-
magnesium end menber, diopside, dominates in the cale-silicate metaso-

matic rocks. Diopside from these rocks, white to very faint pale green,
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TABLE 11. COMPARISON OF OFTICAL DATA ON JADEITES.

ALPHA BETA CAMMA 2V Zac
1. 1.654 1.657 1..666 70° 340
2. 1.658 1.659 1.667 T0° B4 .57
B 1.6%0 1.645 1,652 67° 4o°
ly. 1.664 1.6T1 1.694 - -

1. Clear Creek, Calif. 2- From H. 3. Washington (1o22).
%. Cloverdale, Calif., from C. ¥W. Wolfe (1955). L4- From Larsen
and Berman (1934).
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TABLE 12. COMPARISONS OF X-RAY POVWDER DIFFRACTION MEASUREMENTS

O JADETITE
==

Can JADETIE - CLEAR CREEK JADEITE - BURMA™

hil a(x) a(A)

110 6.2 6.19

020 .27 .29

021 5.24 5.25

220 3.10 3.11

221 5.06 2.92

310 2.8 2.82

221 2.41 2.42

100 2.25 2.2u

312 2.21 2.19

530 2.07 2.069

O, 1.96 1.97L

2hl 1.38 1.892

il L.57 L.5T7

0 1.55 1.555

* Data taken Trom Yoder (1950 a)
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vorms thin bladed elongated crystals. Two habltats have been auiad:

(1) as an euriy nineral within the welasumatic rocks associated with
Lldoerase and chlorite, and (2) 45 a lute wmineral foruing delicute crys-
sals in cavities and vugs. Opeical determinatlons on diopside from
eight localities (Tuble 13) show little variation fror essentially

pure (CalgSinOe) with little or no subsiliution of iron ov 50U .
Oeourraace of divpside in Such rocss as thece is nartierlarly notevorthy
since the diopside has forwed conteuporaneously with hydvous minevais,
gucl us chlorite, and is commonly in juxtaposid¢ion with andradite and
titaniun andradite. Diopside is & common wmineral in 'giarn' type metde

pmorphic deposits, but at New Idria, diopside has formped during meid-

[’:

sometic replecenent of serpentine by introduction of Cu, Al, Fe, undé
Pia

Acmite 1o found within the syenite as a late deuberic mineral in
veins associatved with uatrolite and analeite, aad wlsc may be obsery red as

4o bargevilite in the syenlite near these late deuteric veins. An

rlus
interesting but isolated occurrence O semite (RGC-59-50; was fownd in
che Fragseiscan Pormabion near the coutact on the eastern edge of the

inches across cut plauco-

o

serpentine. iere veluns of albite up Lo three

phanic rocks and cowbtaln Viyly areas iyplunted with bladed crysials ol

deep syreen acmlle (voble 15, RGC-33-50;. Acmite is a comson constituent

i schists associated with judelte veins. Other optical determinations

vere made for pyroxenes in metamorphic rocks (Table 13) of the Frapciscad

#ite series.

type, and most were found to belong to the acmite-aegirine~-aug
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TABLE 15, OPTICAL COHSTARTS OF PYCXBUES FROI THE HEW IDRIA DISTRICT.

S ——

MINERAL BETA 1/ Z Ac 2v, COLOR X Y Z
RGC-34-50 DIOPSIDE 1.672 38° 6c° VHITE COLOELESS COLORLESS COLORLESS
RGC-3k-50 DIOPSIDD 1.559 34° 62° VHITE COLORLESS COLORLESS COLORLESS
RGC-36-50 DIOPSIDE 1.670 37 53° VHITE CGLORLESS CULORLESS COLORLESS
RGC-109-52 DIOPSIDE 1.672 33,5° 35° VHITE COLORLESS COLORLESS COLORLESS
RGC-109-52 DICPSIDE 1.675 h3¥ 60° VHITE COLORLESS COLORLESS COLORLESS &
RGC-67-51 DIOPSIDE 1.636 Lg” 61° WHITE COLORLESS COLOKLESS COGLORLESS
RGC~37-50 DIOPSIDE  1.682 Lo° 61° WHITE  COLOBLESS  COLORLESS  COLORLESS
RGC-92-52 DIOPSIDE 1.686 419 56° VHITE COLORLESS COLORLESS COLORLESS
RGC-4L-3CG  ACMITE 1.780 93°  LARGE GREEN GREER LIGHT YBLLOW YBLIOW
RGC-32-3C ACKITE 1.782 95° LARGE GREEN LIGHT GREEN COLORLESS LIGHT YELLOV
RGC-39-50 ACKITE 1.791 g3° 110° GREEN BLUB-GREEY  LIGHT BLUB- YELLOW

GREEN

RGC-53-51 1.688 e éo° GREEH GREEN GREEN YELIGH

* Optics similar 1o aegirine-augite. First eight pyroxenes from calcwsilicate roecks, RGC-LB-30
is from syeuite, and the last three are from metamorphtic rocks,

1/ Limits of accuracy + 0.C02.
——" J—
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AMPHIDROLE GROUP

Several unusual amphiboles are found i: the Mew Idria District an
these were given a more detailed study. A dark brown to black amphibole
is an essential coistituent of the camptonite and syenite intrusives aud
makes up from 10 - 601-,:3 of the rock; shown to be barkevikite by optical
and chemical study. It frms elongate prisms ranging in size from
several millimeters to 24 em in length., Barkevikite is extremely fine-
grained in the camptonite whereas in the syenite the crystals become
much larger and in some spots form large radiating clusters of prisms
several feet across. Optical determinations on the amphibole from the
different intrusive facies indicate an extremely consistent composition;
however where changes in composition of the crystallizing 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 (Teble 1k) and of
unweathered White Creek syenite (RGC-48-50) from which the amphibole was
separated (Table 23). Recalculation of analysis in Teble 1k on the basis
of 24 (0,0H,F) to the unit cell vas made in order to determine if the
results fit the standard formula for amphiboles as established by Warren

(19%0). 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 formuls except for the low percentage of water, 1.06 (OH) instesd

of the theoretical 2.00. A separate determination was made for fluorine
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TARLE 14, CHEMICAL AND PHYSICAL PROPERTIES OF BARKEVIKITE

(RGC-458.-50).

WL, METAL ATOMS TDEAL
8102 38,74 5.97 05 } 8.00 .00
Al0q 1k .02 2.56 :
Ti0z 5.96 0.46 %
Fe0 16.27 2.09 L
FepOq 2.%2 0.26 >eHo 200
M0 ©.20 2.12 ]
MO 35 0.05 A
Ca0 11.28 1.8
Va0 1.16 0.34% L 2.4 2.00
K20 .89 0.16
o0+ 1.02 1.06 } 1.06 2.00
150 .20

L, o gt

99.45

ARALYST -~ W. 1. Herdoman

ATPHA = 1.701 * .oo2 Y
BPETA = 1.695 X
GAMMA = 1.879 7
ZAae = 139 2V

DENST™ = 3.40 ¥ .005 (pycnometer,

LICHT REDDISH-BROWN

il

LIGHT YELLOW.BROWN

1

= DARK REDDISH-BROWN
= 60°

2h9¢)

Flvuorine determination on a separate portion gives 0.02¢%.
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and conmbined water was rechecked in order to establish definitely the
low (OH) content of the amphibole. Comparison with other bvarkevikite
analyses shows thal low (OH) content is & common characteristic of these
auphiboles and Sundius (1946) includes barkevikite with the oxyhorne-
blendes statinz: 'Ihe barkevikite may conveniently be included in the
same group (oxyhornblende). The members of the group have also been
nomed oxyhormblende because of their high conteunt of FepOz being as-
cribed to a reduction of OH and a contemporanecus oxidation of Fe.!

This may explein the low water content; however the FepOz content is
too low to compensate for the low conbined water and therefore, the
water determination is felt to be in error. The oriiecal character of
the Mew Idrie materiel when compared with other published data on barkevi.
kites shows ood agreement.

‘The metauorphic rocks from the district are largely characterized
by (slaucophane or crossite as an essentisl mineral. These two amphi-
boles ucually form as a result of low-grode metamorphlsm of the grey-
wackes or basic igmeous rocks of the Franciscan formetlon and do not
form coarse crystals that can be distinguished in the hand speclmen but
impart e characteristic bluish caet to the rock. Extrenely fine hair.
like crystals of crossite were found in the vugy cavities of the natrolite
veln et the Gen mine and here again the individual crystels could not
be distinguished except under the microscope. Time did not permit s
comprehensive study of these awphiboles and the optical properties of
the crossites and glaucophanes are given in Tebles 15 and 16. The opti-

cal constants of these blue amphiboles compere favorably with the published




TABLE 15. OPTICAL CONSTANTS OF CLAUCOPHANE FROM THT

7E7 TORIA DISTRICT.

RGC-80-51  RGC-80-51  RGC-3:-51  RKGC-60-51  RGC-107-52  RGC-T3-51
BETAl/ 1.64% 1.63% 1.655 1.632 1.538 1.645
EXTTICTION Zie=T° T2o=50 Zio=8° Z10=5° Z:e=9° Zre=8°
ANCIE
v 10-20° 20° 50° 5.10° 30° 20°
SICH (-) (-) (-) (-) (<) {-)
ORTENTATION ¥=b ¥=b Y=b Y=o Y=b Y=b N
X COLORLESS COLORIESS  COIORIESS LT. YELIOY  COLORLESS  LT. YELLOW 0
Y LAVENDER TAVENDER VIOLET BLUE BLUE SKY BLUE
7 LICHT LIGHT LIGHT VIOLET LAVENDER VIOLET

BLUE BUE BLE

1/ Limits of accuracy I 0.002.




TABLE 16. OPTICAL CONSTANTS OF CROSSIEZ FROM THE IEY IDRIA DISTRICT.

GEM MIE RGC-%2-50 RGC-51-50 RGC-50-50 RGC-21-30%
sprAl/ 1.662 1.662 1.663 1.665 1.669
EXTTNCTION Yie=17° Y:c=35° Yic=15° Y:0=50 K2e=0°
ANCLE
ev 240 SVATL, 10° 20° 75°
STOK (-) () (-} (+) (+)
ORIEFTATION 7=b Z=b Z=b 7D Z=b
X COLORLESS LIGHT LICGAT BLUE DEEP

YELLOY YELLOW GREEN BLUE
Y BLUE BLUE SKY LIGHT LAVENDER
GREEH GREEN BLUE YELLOW
A VIOLET VIOLET VIOLET LIGHT COLORLESS
CREET

* BLUE AMPHTBOLES SIMILAR TO CROSSITE.

1/Limits of accuracy ¥ 0.002.
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data for crossite and glaucophane (Switzer, 1950), although the amphi-
boles from (RC(C-50-50) and (RGC-21-50) show anomalous optic character
that fits neither glaucophane nor crossite. Further chemical and optical
study of these amphiboles is needed, since the present published data

are not complete encupgh to characterize these species by opties alone.

MICA_ AND CTAY CROUE

The sheet structure minerale are quantitatively the most important
group within the serpentine. Individual localities will not be listed
except where anslytical work was performed, since these minerals are so
common. The mice and clay minerals of this district may be divided into
two distinet roups, (1) those making up the serpentine, (2) those found
within the metasomatic bodies that have formed at the expense of the
serpentine. It is assumed, that antigorite and chrysotile meking up
the serpentine, crystallized during the change of the ultrabasic rocks
to serpentine; whereas the chlorites 1ﬁcluded in the second group
erystaliized during the metasomatic replacement of the serpentine.

Antigorite is the most abundant mineral in the serpentine making up
%50 to 95, of the rock. Antigorite produces a variety of textures within
the serpentine, where it does not pseudomorph olivine; however, where
pyroxenes are pregsent, bastite assumes the form of the original pyroxene.
Coarsely erystalline entiporite characteristically forms flaky fan-like
agiregates whereas the finer-grained antigorite conmonly shows felt-like
agpregates composed of minute flskes (Pl. VIII, Fig. 3). Rarely large
blade-1like entigorite areas are found within the fine-grained facies.

Shearing is commonly present in the antigorite masses and a distinect
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fabric is formed with the schistosity parallel to the aligmment of the
antigorite. Identification of the antigorite is facilitated by its
characteristic crystalline form and optical character which is distinct
from chrysotile. Antigorite was not found in any of the metegomatic
chlorite-rich bodies within the serpentine formed under static conditilons.

Irindley (1951) points out that antiporite does not have a structure
gimllar to chlorites but more closely resembles that of the kaolin group
minerals. Jince X-ray beclniques were not used in the identification of
these minerals, antigorite is ineluded in Figwre 4 with the other chlo-
rites to compare their composition. No analytical work was completed
on the sntigorite (Table 17).

Chrysotile is included in this group although it cannot be con-
aidered a true chlorite-type mineral. Chrysotile is most commonly found
a8 a product of the serpentinization of olivine, forming small veins in
the fractures within olivine with a fibrous sturcture normal to the vein
walis. Where olivine is completely replaced by chrysotile, it assumes
a web-like structure roughly pseudomorphing olivine (Fl. VIII, Fig. 2).
Chrysotile also commonly forms irregular veins, up to four inches in
width, that cut the serpentine and in this case approaches an asbestos-
form character. Identification of chrysotile was verified by its opti~
cal properties, snd 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
o large bulk of the interesting metasomatlc bodies. Winchell's (1951)
clugsification was used to chemically categorize the various chlorites,

since it was possible to determine their chemical compositiocn by their
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HeFesSiy0, H, Fe,Al,Si0g
e} 80 60 40 20 0
80¢ - 20
60 40

TASOMATIG ROGKS

40 60
[
20 S, | S 80
~SERPENTINE
o 20 40 Mol.% 60 80 oo
H4Mg38|209 H,Mg,AlSi0g
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FIGURE 4. NEW IDRIA CHLORITES PLOTTED ON WINCHELLS OPTICAL
AND CHEMICAL CLASSIFICATION FOR CHLORITES. THE
OPTICAL DATA FOR THESE GCHLORITES IS GIVEN IN TABLE IT.
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TABLE 17. OPTICAL COIISTANTS OF HEY IDRIA CHLORITES AD RETATED MIFERALS.

MITERAT, BETA~/ o2v SIGH BIREF. DISF. X Y Z

RGC-T79-51  CLINOCHIORZ 1.588 10-20° (+) .002 V>R CL. CL. P. CR,
ROC-T9-51  CLTHOCHLORE 1.584 10-20° (+) .co3-.004 >R CL. CL. P. CR.
RAC-T0-51  CLINOCHLORE 1.58% 10-20° (+) .003 V>R CL. CL. P. CGR.
RGC-TO-51  CLTNOCHLORZE 1.587 10-200 {+) .00% V>R cL. CL. P. OR.
RGC-109-52 CLINOCHLORE 1.578 10° (+) .00 VB CL. CL. P. GR.
RGC.-56-.50 CLINOCHIORZ 1.580 5-.10° (+) .00k V>R CL. CL. P. CR.
RGC-36-.50 DELESSITE 1.604 509 (-} .001-.002 V>R .. XK. L. GR. L. GRm.
RGC-57-50 DELESSITE 1.608 7-5° (-) .00%-.005 V>R L. ¥L. L. @GR. L. GR.
RGC-105.52 DELESSITE 1.590 5.10° (-) .003% V>R L. YL. L. GR. L. GCR.
RGC-83-51 RUMPFITE 1.5 2.50 (+) .002 V<R L. k. L. GR. YL. ¥.
RGC-85.51 RIMPFITE 1.597 5-7° (+) .001-.002 V<R L. ¢CR. L. CR. YL. PX.
RGC-42.50 RIMPFTTE 1.608 5-T° (+) .001-.002 V>R L. GR. L. CR. YL. FX.
RGC-56-50 RIMFFITE 1.601 5~ {(+) .002 V<R CL. CL. L. GR.
RGC-34-.50 RUMPFITE 1.5986 5-7° (+) .002 V<R L. GR. L. GR. P. FX.
RGC-3L.50 RUMPFITE 1.558 5.7° (+) .002 V<R GR. GR. L. YL.
RGC-67-51  PRIMINITR 1.581 5.7° (+) .002 V>R GR. GR. P. YL.
RGC-37-50 PROCHIORITE 1.595 5~ 70 (+) .007-.008 V<R CL. CL. CL.
RGC-13-50 ANTIGORITE 1.570 10-20° (-) .009 V<R CL. P. GR. P. CR.
RGC-109-52 ANTICORTTE 1.560 100 (-) .009 V<R CL. P. GR. P. CR.
REC-50-50 KAMMERTRTTE 1.58¢9 10° (<) .00k V<R PK. CL. CL.
RGC-57-50 STILPROMELANE 1.637 (¢} () .03 - G. YL. DR. BR. DR. BR.

CL. - coloriess
P. GR. - pale green
L. PK. - light pink

PK. - pink

1/ Linits of accuracy ¥ 0.002.

P. PK. - pale pink

GR. ~ green

P. YL. - pale yellow
G. YL. - yolden yellow

L. CR. ~ lizht green
L. YL. - light yellow
¥L. PK. - yellow pink
DE. BR. - dark Lrown

p
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optical properties. iore recent work on chlorites by Hey (199%) has
produced a betier classilication bub chiemical analyses are needed in
ordsr to utilize this system. However several semi-quantitative speciro-

sraphic analyses on these chlorites (Pl. IV) show that Winchell's

3

3

systen can be used with some degree of confidence ve reflect the ecmpo-
sitlon of the chlorites. Table 17 gives the recorded optical data on
chlorites apd related species, which in turn are plotted on Winechell's
Aiagran (Fisure ). Pileked sawples vere also used for X-ray diffrace
tlon study in order to establish a differenmce in their respective
pattorns, hovever no sharp diffevences could be detected, Brindley
(1951) suzpects theit the differcnce in intensity of the basal spacings
of the hisher order (001} reflections might be used to distinguish the
different chlorite speeies, alihough this approcch did not produce
conclusive results in this study.

n the metasomatic bodies are well developed and

PO

The chilorites
they make up B0 - YO of some specluens. Some bodies, vViz., (RGC~T2-51),
(RGC-T0-51), and (ROC-56-50) have well developed erystals of penninite
or clinpehilore, wp to o conblmeter in diameter, thet form perched
thool:s! linlng eavities. The texture of the chlorite~rich rocks is
guite varieble und prades from rocks showing @ strong preferred orienta-
tion %0 oth-g vhere the chlorite Torms in a wvugy cavernous rock with
well formed platelets of chlorite at rapdom orientation.

Penninite and elinochlore, the only species found as vall developed

crystals, show twinming in @ll spocimens examined and this is menifested




56

by the variable position of the optic axial plane in the various sectors
of the basal plane. This twimnning was found only in those crystals formed
in open cavities whereas those chlorites found within the wore dense rocks
show no twinnins but produce s marked schistosity with the (001) faces
parallel to the direetion of schistosity.

The chlorive-idich rocks are asswned Lo represent meltosomatic replace-
meut rocke within the serpentine, and therefore the chlorite composition
should reilect, in parlt, the composiition of the wetasomatic flulds. The
composition as determined from Winchell's disgram (Fig. 4) shows that from
aentigorite (essentially the composition of the original serpentine) to
the chlorite in the metasomatlic bodles, there hag been an increasse in
botli Al and Fe with a concomitant decrease in 81 and Mz. Penninite and
clinochlore are the common chlorites found in the least mineralized meta
ponntic wocks, followed by runpfite and prochlorite as the intensity of
the mineralirzation incremses. Where iron is exceptionally high, delessite
forme and sometimes 1t is accompanied by stllpnomelane (Pl. XI, Fig. 2).
Optical dats Ffor this gtilpnomelane corresponds with that of Hutton's
(1938) ferrostilpnomelane (see Teble 17). Spectrogrephic analyses (Pl.
V) of some of “hese chlorites show that Wi, Co, Cu, Cr, Pb, and Mn
are coumonly camouflaged in the structure of the Nevw Idria chlorites.

The widespread occurrence in this distriet of the rare chroniun
chlorite, kammererite, associated with small local concentrations of
chromite and uvarovite led to a complete study of this species. Kamrerey-
ite was not found in any of the chlorite.rich rocks end it seems to be
an alteration product of chromite, probably formed during gerpentinization

(Fig. 5). The mineral is easily identified 1n the field by its charac-
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Tigure 5. Camera lucida drawing of kammererite showins its
formation from chromite. iote small patches of
uvarovite within the kamererite. (X 40)
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teristic pink to lavender color.

A chemical analysis of the kammererite and optical determinations
are given in Table 18. The structural forrmla of the kamwmererite was
calculated on the basis of 18 (0,0H,F) atoms to the unit cell and the
analysis shows falr agreement with the ideal formula; the OH group is
slightly low and the octahedral positions are shbove the theoretical value
of 6.00. Substitution of Al for Si in the telrahedral positions is
necessary to completely £ill the four 51 positions apsigned to the ideal
formmla. Cr substitutes for Al in the octahedral positions and the
tabulated anslyses of kammererite Srom the literature (Table 19) show
s general decrease in Al with an iucrease in Cr. The optical properties
of the tabulmted kammererites do not show a distincet correlation with
their Cr content.

AATROLTTE

Netrolite is a ecosmon minersl in three distinct Llocalitles within
tne distriot and st all three it Torms stubby equent crystels—a somewhat
rare form, since natrolite is chavacterized by its acicular habit. The
veln-material from the Cewm wuine 1s composed mostly of nmatrolite where it
Porms besubtlful cockecorb coabings in the vugy parts of the veln. Almost
periect single crysials of natrolite are present in late deuteric veins
within the syenite where they ave essoclated with amleite and acmite.
Jadeite velas contein well developed fen-shaped aggregates of natvolite
associated with thomsonite, albite, and analeite. The natrolite crystals
from the syenite were examined in detall and the plﬁrs:teal properties are

listed below, The crystals from the syenite and CGem mine show twimming




TABLE 18. CHEMICAL AND PHYSICAL PROPERTIES OF KAMMERERITE

(RGC-50-50) .

e e _— e e

Wo. o METAL ATOMS IDEAL
5102 52.12 3,10
.90 } % .00 4.00
AlpOa 13.1% 1.48 z
.58
Crp0sy i 96 . Ll-‘j
PepOq 1.27 .09 $ § §
.50 .00
FeO 1.50 .12
M0 %4.08 5.05
a0 L0 .01
10 .0k - -
10+ 11.12 7.16 }> 7.16 8.00
1520“ -0"-&

A T st g e

AVATY3T . R. G. Coleman

ALPHA = 1.585
DETA = 1.589
GAMMA = 1,589

27 = 10°

100.27

+.002

X = PINK
Y = COLORLESS
% = COLORLESS
OPTIC STGN = ()

DENSITY = 2.5 * .01 (pycnometer 25.2°C)




TABLE 19. OPTICAL PROPERTIES OF KAMERERITE CCMPARED ¥ITE CreOg and AlpOs COMTENT.

fom e e

i 2 3 4 5 & 7 é
Cra0s 13.46 7.88 T.49 5.96 L.16 3.90 1.70 0.85
A1:0: 12.40 G.50 13.18 13.13 15.24 13.5% 15.20 16.95
av SVALL SMALL 3° 10° SMALL 2c° o° 0-31°
SIGN (#) (-) (+) (-) (+) {(+) (+) (+)
BETA 1.590 1.590 1.57% 1.589 1.579 1.585 1.580 1.571
DENSITY 2.709 - - 2.56 2.67 - 2.57 2.65

1-8akok Puopsak, Sweden, Du Rietz (1935)
2.Deer Park, Wyoming, Shannon (1920)
3-Kraubath, Kopetzky (1548)

4 ¥ew Idria, California

5-Togo, French West Africa, Orcel {1925)

6-Webster-Addie, North Carolina, Miller (1953)

T-Piemonte, Italy, Sanero (19%3)
8-Toso, French West Africa, Orcel (1925)

09
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waileh is wausual for natrolite, The gaase Index for both the Gen mine
and Jadeite vein-waterinl is 1489 ¥ 0.002, identical with the gasma
index for the syeanite natrolite. Cualitative spectrograrhic exanination
of thepe three matrolites shows no minpr or trace elements whieh might
produce this unusual erystal fornm, |

flatrolite from pyenite

Alpha - 1.476 ¥ 0.002 2V = 56° (+)
Beta - L.k78 Zme
Camme - 1.483 Optic plene parallel (010)
Direfrinzenca - 0,012  Tinning - Composition

- ’ plane (110) with twin exis
110 A 110 - 88%7e L to the (110) plane.

111 A 110 - 6310
Density - 2.23 to 2.2% (Beruen Benlance)

Tdocrase has been identified in fouwr cale.silicate bodies withim the
Yew Idria District: (R3C-37-50), (REC-55-51), (RGC-92-952) and (RGC.109-52).
Two distinet types of idoerase are present, (1) pale green measive nate
riel intergrown with chlorite, caleite, and diopside; and (2) dark reddish-
brown evhedral crystals present in open veins snd vugy aress of the cale.
silicate rocks. The massive pele green material has normal optical conw
stants and the X-ray pattern mmiches the stapdard for idocrasa, aslthough
the reddish-brown rmaterial has higher refractive indices and is bhiaxial.
Spectrographic determinations on three of these samples show varying aw

mounts of T1 waich can be correlated with the optical ancmelies (Teble 20}.
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TABLE 20. VARIATION IN THE OPTICAL CONSTANTS OF IDOCRASE
WITH Ti CONTENT.

i

RGC~3T~50 RGC~92-52 RGC-109-52

EPSILON 1.719 1.720 1.729

OMECA 1.721 1.726 1.732
UNTAXTAL BIAXTAL BIAXTAL

2v 0 2.5° 10°

T & 1 2 p

T™ determined spectrographically.
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The powder X-ray patterns of the two biaxial idocrases show a slight
shift in the lines vhich can be seen visually but the measurements fall
within the limits of accuracy. This suggests that there :1.3. an expansgion
of the idocrase structure, similar to that found in the andradites, in
order to accommodsite the excess titasiun. Further vork needs to be
completed to establish definite relationship between optics, unit cell,

and titanium content,
NEW MINERAL

A nev nineral species was discovered assoclated with benitoite and
natrolite from the Gem mine, The X-ray pattern and optical characicr of
this mineral does not match any of the described minerals in the litera-
ture. Unfortunately only e very small sample was found and ilnsufficient
material was svallable for a complete chemical analysis. The mineral is
a shiny blue-black with a blue streak forming elongated crystals in emall
radiating clusters. The hardness of the mineral is 3-b end density 4,15,
Qualitative chemical tests indicate that TL is o major constituent. The
optical constants of the mineral are listed:

Alpha - 1.8%0 + 0.002 - colorless to light yellow

Beta -~ 1.908 ~ reddish yellow

Gamma - 1.927 - deep indigo blue

ov - 68° (2) Z2>Y¥>X

Birefringence - 0.097 Parallel extincetion Z = ¢

This same mineral has been found in well cubtinge from the Coalinga
0il field by C. 0. Hutton (personal communication), probably & detrital

fragment derived from the Gem mine locality. Further searching of the
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Cem mine vas unsuceessful in producing additional waterial for study.

MINERAL LIST

The following lists tabulate all of the winerals ldentified in the
various yock typea, i.e., serpentines, metamorphic rocks (Francisean

type )}, syenite-camptonite, and metasomatic rocke. The formulas given

e i T s A =+ e

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

CERPENTTHE
Magnetite 8(Fegls )
Chrowite 8(PeCrz0s)
Picrochvenite B(Mglra0s )
Caleite 2(CaC0a)
Magnesite 2(MeC0a )

Hydronagnesite

2(Mgs (COz ) o (CH )2+ bH20

Ulivine b( (iig,Pe)aSi04 ) - Foggieyy to FomoFazo
Antigorite 16(sigaSiz0s (Ol)e )

Bastite Near (Mg,Fe)810g-t-5H20

Chrysotile 2(MgaBizls (CH)e )

Penninite 2( (M@,F@“,Al)lg{#}i,Al)aﬁaa(OH)ls}
Kammererite Near Mga, s(AL,Cr)Siy,50s(CH)s

Andradite 8{CagFe" 2813012)

Uvarovite 8(Caglirz51a012)

Glaucophane 2(Haz{Mg,Fe" 1381251g022(0H)2)
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METAMORPHIC ROCKS (FRANCISCAN TYPE

: Albite ‘h'(PIaAlSiSO 8) - up to Anyg.
Quarvs 3 ( Si0p)
Punpellyive Cag(AL, M5, e )aSig0zg (OH )5 *2H,0
; Pyrite h(PeSa)
Lavsonite %(CaAlaSipls(0H ) e )
: Glaueophane 2(Naz(Mg,Fe")aALoS1g02:(Cl)n )
i Crospite 2(Vap(Mg,Fe™)a(Fe™ ,AL)251g022(0H) 2
" Actinolite 2(Caz(Ms,Fe )581a022(0M),)
t Tromolite _ 2(CazMesSiglaz(CH)2)
; Pireonite 8( (Mg,Fe,Ca)8i0s )
L Acwite h(Nale™ Siz0g)
f Jadeite 4(NaA1S120g)
Bpldote 2(Cas(AL,Fe)aSia0z20H )
Loisitc 4(CazAlaSig0,200 }
‘ Clinusolsito 2(CaghlaSig0y20H )
:l Prehnite 2(CazA128i3010(CH)2 )
' luocovise 4 (KAlgSiz016(0H)2) ~ includes sericite.
’ Calorite Species not identified.

- PN kY
Stilpnomelaue Near K(Fe",Fe"',41)1081120a0(0,0H)z

Garnct Species not identified.

Thomsoalte b (HaCapAlsSisOz0CH0 )

Hatrollte 8(NaaAl2815010°2H20 )

Annlcite 16(NaA15120g+H20 )

Hydro arnet S(CasAleia-x012_4x(UH)4x), xup to 3



Bphene
Apatite

Culeite

SYENITG

Galona
Chalcoclite
Pyrite
Clonabar
Magnetite
Calcite
Apatite
Sphenc
Acmite
Aegirline-augitce
Pifeonite
Barkoevilkite
Glaucophune
Crossite
tichterite
Clivine
Spessartine
Biotite
fuscovite

Chloxite

4{CaTi5104(0H,F))
2(Caq(P0g)aF)

2(0&003)
AND CAMPTONITE

h(pbs)

9G(CugS)

b(FesSz)

3(ugs)

8(Feg0s)

2(CaCog)

2(Cag (P04 )aF)

h{CaTi8i04 (COH,F))

h{faPetttS120g)

8(Na,Ca,Mg,Te? ', Fe' 11,A1}(5i,AL,Fe"t')0s)
3( (Mg,Fe,Ca)5i0g )

2(la Cagp(Mg,Fe'',Fa't!,AL)s(S1,A1)g022(CK)2)
2(Wag(Ng,Fe ' )3Al28ig022(0H)2 )
2(Naxs(g,Fe ' )a(Fe 11 ,A1)25ig0:2(0H)2)

2( (Ha,k)z(ig,Mn,Ca)s5ia022(0H)2 }

4( (Mg,Fe)2S8i0s ) - Fogefaye to Fozaldza
3(dnaAlzSiglia)

2 (Ka(ie, Fo ' 1, AL, Fe 't 7, Jemg(51,A1)a020(0H)s)
b (KA13813010(0H1)2)

Species not identifict.
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Plagioeclase
Analelte
Natrolite
Prehnite
Zolsite

Clinozoisite

Marmetite
Ilmenite
Ruiile
Perovskite
Caleite
Dolowmite
Apatite
Sphene
Benitolte
Heptunite
Joaguinite
Chevkinite

[

Lircon

Titaninn andradite

Andradite

Ldocrase

Diopside

66

Ang to Angg
16(HaA181:815010 * 2H0)
8(HaAlaS1ia030 «2H20)
2(CazAlaSiz010(0H)2 )
4 (CanAlaSighy20H )

#{UupAlagSiz0, 200 )

METASCMATIC RCCES

8(Fea04)

2(FeTiOg )

2(7402)

8{caTia)

2(CaCog )

(Cabg(COz )z

2(Cag(POq)st j

L(CaTisiO(0H,F)

E(BaTiSigog)

8( (Na,i{)g(Fe",Ivin)TiSi4013)

4(WaBaTi814015)

Near (Fe",Ca)(Ce,la)2(8i,Ti)208) ?

L(2r5i04)

8(Cag(Fe" ,T1)2(S1,Ti)a02 ) Ti0z up to 14%

8(CagFe™ 25130;12)

b(Cayo(Hg,Fe" Fe™ ,)2A14519034(0H)e) up to
5¢% T4 substituting in structure.

b (MgCaBizOs)




Watrolite
Stilpnomelane
Clinochlore
Delessite

Tapfite
(Leuchtenbergite )

Penninite

Pyrochlorite
(Ripidolite)

T

&7

8(NagAlzS1a010*2Hz0)

Near K(Fe",Fe™ ,Al)155132050(0,00} 120
2( (ug,ALl, Fe")12(81,A1)g020(0H}1s
lear (Mg,Fe")s,sAlsSiz010(0H)a

2( (MpioAla)(AlzSig)0z0(0H)1e )

2( (Mg,Fe",AL)12(51,A1)a022(0 ) 1e )

2( (Mg,Fe")gAlgSis0z20(0H)1s )
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PETROLOGY
Francisecan type rocks

The New Idria District contains a heterogeneous group of rocks
with lithologies similar to those of the Franciscan formation. From
ptratisraphic 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 ls made up
of sedimentary greywackes accompanied by minor amounts of greenstone,
cherts, and schists containing glaucophane. They are found flanking
the serpentine and show a universally feulted contact relationship. Many
tectonic inelusions within the serpentine have 1lithologies similar to the
peripheral Frepciscan rocls; and therefore, bhave been included in this
discuselon of the Franciscan rocks.

The Franciscan type rocks have been divided imto three categories
for convenience of discussion, (1) rocks peripheral to the serpentine,
(2) tectonic inclusions within the serpentine, and (3) jadeite bearing

rocks within the serpentine in and near the tectonie inclusions.

Peripheral Franciscah rocks

The major rock type found in this category is a sedimentary greywacke
cheracterized by a brown to gray cast and contalning abundant secondary
quartz veinlets., Many isolated lenses of thin-bedded chert are found
interbedded with the greywacke. These chert beds may reach & thickness
of 100 feet or more in this district, Taliaferro (1943) has pointed out

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

Altered volcauic rocks are sparsely interbedded with the grejywacke

i i st i

and are characterized by light green color and dense texture, Alteration
of these rocks has produced a rock that may e best described as a
spilitic greenstone,

Small isolated patches of schist are commonly found within the

T . B Tt R e g

greywackes and these appear to be concentrated along the Franciscan

serpentine contact; however, no regular spatial relationship could be

T

established between the schist zones and the local structure, These
gchiste commonly contain glaucophane as a major mineral and are ueually
B referred to as glaucophene schists. ALl of the Franciscan rocks within
the New Idria District show evidence of low-grade dynaemothermsl metamor-
phism and 1t may be that these local schist zones are areas that have
undergone a slightly more intense pulse of shearing and pressure, No

£ield evidence was Tound in this distriet to support Taliaferro's (1943,

P T T N R

p. 182) view that these schists have formed by pneumatolytic action
resulting from the serpentines emplacement.

It ie not the purpose of thils paper to discuss the origin of the
glavcophane schiste, one of the wnsolved problems in metemorphic petrolofy;
hovever a brief petrographic description of the mejor rock types is glven.

The peripheral Franclscen rock types are divided into five groups

as follows:

Group I*
Greywacke (RGC-26-50)

*Sample numbers may be located in Plate I.
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Group I  (continued}
greyvacke (RGC~20-50)
do. (RGC-18-50)
do. (RGC~49-50)
do. (RGC-40-50)
Group II
Chert (RGC-21-50)
Group IIL
Greenstonz (RGC-22.50)
do. (RGC-T3-51)
do. (RGC~21~50)
Group IV - Schists
Glaucophane-chiiorite-muscovite~aphene (RGC-60-51)
Glaucophane~chlorite~garnet-pyroxene (RGC ~T3-51)
Glavcophane~crossite-lavsonite (RGC~51-50)
Glaucophane-uuscovite-luveonite (REC-80-51)
Group V - Schists
Caleite-glaucophane-ohilpionelane (RGC~21-50)
uartz-stilpnonelane-laveonite {RGC~29-50)
Albite-glaucophane-cilorite (RGC-80-51)
Tremolite (RGC-62-51)
Group I - The greywackes are browi %o dark grey end tend to show a very
crude schistosity or a platy direction of fracture, Secondary veins of
vhite quartz commonly cut the bedding or may extend along the bedding
planes. Angular to pub-angular quartsz, the most sbundant mineral, alwost

vaiversally shows strong undulatory extinction and forms sheared augen
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with mortar structure. The quartz in the secondary veins shows similar
festures. Plagioclase makes up 29 or more of the greywackej 1t uswally
ré‘b&ina its original twinning, although determination of 1ts former com.
position is difficult due to alberation. Saussuritization is typical of
all the feldspars and dense aggregates ol clinozolsite and epidote form
within the crystals, Index determinations on the altered feldspar shows
it to be albite (Ans.ip)s Lithic fragments of andesite and busaly are
abundent and detrital chert fragments (RGC-20-50) mey be locally wbundant.
The matrix of these rocks is ‘Ypasty' and is molded around the larger
detrital fraguents, 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 semiw
opague dark brown bands containing iron ores, sphene, serlcite, end
occasionelly wisps of glaucophane end stilpnomelene (RGC-26-50) and
(RGC~39-50) o

This cursory. exemination etrongly indicates that the greywackes
surrounding the serpentine have undergone a low.grade dynamothermal weta-
morphism, that is comparable to that in Hutton's (1940) Chlorite sub-
zone Chl, 1.
Group IT ~ The chert is thin.bedded, often rhythmically interbedded with
shale, and it may be red or brown like jJasper, but more often green, Light
gray, or blackish, It is compozed of cryptucrystallina quartz and chal-
cedony with a fibrous structure, Many emall euhedral platelets of chlorite
are dispersed witiuin the chert and also concentrated m thin sinuous lines
with small megnetite grains, Many small séconda.ry veins of coarser-
grained quartz cut the fine-grained groundmass of thaae cherte, Radioe

dJexian 'tmi'm ware not seen in the section studied, although Taliaferro
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(1943, p. 147) reports that they are common in'Franeisean'cherts.

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

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 fairly well developed schistosity. The dominant glaucophane
(P1. VI, Figs. 1 and 3) {orme well developed crystals and produces a
lepidoblastic texture in these rocks, Crossite commonly sccompanles the
glaucophane either as discrete crystals or zonally arranged on the
glaucophene (RGC-51-50), whereas large, well crystallized plates of
chlorite and muscovite (PL, VI, ¥iz. 4) form the interstitizl aveas
between the amphlboles. Porphyrdblasfic garnets (PL, VI, Fig. 2) developed
in (RGC~T3-51) éhow some evidence of retrograde change to chlorite.
Jadeitic pyroxene found rimming glaucophane in (RGC-T3-51) appears to

contradict the evidence of retrogrede change in this rock; although it

" is not clesr what P.T conditions are favorable tb form jpdeibe, Lawsonite

forme colorless square tabular crystals and anhedral aggregates (»., VI,

Fig. 1) interstitial to the amphiboles, and it seems to have formed later
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then the other constituents. Idioblastic crystals of sphene are uni

versally present (Pl. VI, Fig. 2 and 4) and may make up 107, of the rock.

These metamorphic schists characterized by glaucophane-chlorite,
contain no relict minerals or textures and appear to have been completely
recrystallized by low-grede chlorite zone metamorphic processes.
Group V - This group contains diverse rock types showing individual
characteristics. (RGC-60-51) was probebly a quartz-albite-glaucophane
rock that has been breccilated and subsequently replaced, in par:, by
calcite. Stilpnomelane has formed contemporaneously with the carbonate.

An albite-chlorite-glaucophene schist (RGC-80-51) is similar to
Group IV rocks, except for ebundant albite. The quartz-stllpnomelane-
lewsonite schist (RGC-29.50) forms a small selvage in e large mass of
slihtly metamorphosed greywacke where it has completely recrystallized
with a well developed schistosity.

The tremolite schist, the only monominerslic rock Pound, is coarsely
erystalline with a lepidoblestic texturs. A faint bluish tint is de-
veloped around the borders of the individual crystals, suggesting lale

introduction of Na.

Tectonic incluglons

Pregent within the serpentine are numerous foreign rock bodies of

varisble size and shape; the largest mass 45 about five acres in areal

extent and the smaller bodies are legs than 100 square yards. The gistri-

it
bution of these inclusions is entirely random and the observed attitude

however, the larger bodies

of their structural tremds is also random;
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PLATE VI. Phé-tomcrographs of peripueral Franciscan schists.

Fizure 1. Glaucophans-crossite~lawsonite schist. Prismatic
gray crystals are glaucophane with borders of
ecrossite. Lawsonite fills the interstices. Plain
light {X 80).

Fizure 2. QGlaucophane-chlorite~garnet-pyroxene schist.
Idicblastic garnet ghows incipient alteration to
chlorite. ILerge, high reliefl crystal diagonal
to the field is sphene. Incerlocking prisms of
glaucophane are present in the upper part of the
field. Plain light (X 80).

Figure 3. Albi‘ce-glaucophane-chlori'i:e-nmsco%rim schict.
Idioblestic grains of glaucophare asgocimnted with
albite and muscovite. PFlein light (¥ 80).

Fizure 4. Glaucophane-chlorite-muscovite~-sphene schist.
Large warped plate of chlorite containing grains
of sphere. Plain light (i £0).
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appear to roughly parallel the regional NW-SE etructural trend (see

Pl. I). "The contacts between the serpentines and these inclusions are

‘almogt invariably sheared and faulted, and where contacts show no apparent

shearing or faulting, microscopic examination reveals shearing, and recon-
stitution of the serpentine to chlorite and andradite., Antigorite develops
slong shear planes of the serpentine up to ten feet away from the contact.
Careful field examination of these contacts revealed no evidence of con-
tact metemorphism within these bodies that might have resulted from deep
seated alteration by an ultrabasic magma. There ls no nineralogical
evidence to indicate magnesium metesomatism within the included rocks,
although there appears to have been some movement of elements from the
tectonic inclusions into the serpentines as there is local development

of soda-rich pyroxenes near the contacte.

The mature of 'thesé forelgn rock bodies suggests that they are tectonic
inclusions, similar to Brother's (1954, p. 616) glaucophane schist bodles
within the serpentine of the Berkeley Hills, California. The dirvection of
movenent of these tectonic inclusions Vi‘chin the serpentine is extremely
hard to interpret. The geneval shape of the inclusions, usually elongate,
tabulsr with vertical bedding or schistosity, suggests a downvard movement
and, therefore, it appears that these inclusions have foundered from the
roof of the serpentine messe or have been dragged around into parallel
position with the bounding thrusts yet irmersed in e mass of semi-plastic
serpentine. It is difficult to imagine under what conditions the presenv
n the country rock as it is evident that 1t was

serpentine was emplaced I

not a magme ot that time. If the inclusions were brought up from depth,

e, higher grade of metamorphism should be present in them. The observed

-
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relations of these inclusions, in the field, strongly suggest that they
were floated or rafted into the ultrabasic rock during serpentinization,
or after serpeatinizetion during an intense tectonic movement of the
Diable Range.

Tt is assumed that the tectonic inclusions were derived from the
Francisean foirmation, on account of similarity of mineralogy and bulk
compocition. The grade of metamorphism ls similar to that found in the
peripheral Froancicesn rocks, however the metamorphic minerals within the
+ectonic inelusicne ere wuch finer grained than those in the peripheral
rocke (couparve Pls. VI and VII). This suggests that the period of meta-
morphicn was shorter lived on the tectonic inclusions then that exerted
on the peripheral rocks.

The moin vock typee found within these tectonie inclusions are grouped

below according to their similarity in minerelogy.

Group I
pyrexene~pumpellyite (RGC-53-51)
pyroxene-albite-chlorite (RGC-53-51)
chlorite-pumpellyite-lawsonite-sphene (RGC-107-52)
pyroxane-albite-chlorite (Gem mine)
pebbro-saussuritized (Cem mine)

Group IT
quartz.albite-glaucophane~stilpnonelane {RGC-T6-51)
quartz-albite-sericite~chlorite (REC-53-51)
guartz-albite~zoisite~chlorite (RGC-98-52)

quartz-albite-chlorite-actinolite (ReC-68-50)
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Group IT (continued)
quartz-albite-chlorite~sericite (RGC-TT-51)
guarts-ulbite~chlorite~zoisite (RGC-93-32)
quartz-sericiite-chlorite-albite (RGC-107-52)
Grovp IR
LIl o eguarta-stilpoonelane~treanolite (REC-103-52)
albite~guaris-crossite~acnite (RGC-52-50)
albitewquarrss-glavcophane~-stilpnomelane (REC-TC-HL)
Croup IV
albive-r;laucophane-~actinolite (LGC-81-52)
albite-glavcophane-acnite (RGC-54-51)
albiie-glascophane-aculte~stilpnonelane (RGC-52-50)
albite-gloveophane-stilpnonelane (HGC-54-51)
albite-glaucophane-epidote (RGEC-S4-51)
albite-glancophane-crossite (RGC-99-52)
albite-gluicophane-gpidote (BGC-106.52)
albite-crossite-epidote (Gem mine)
albite-crosslte~glavcophane (BGC<50-40)
Group I--These rociis are characterized by a light to dark green colox
and relict ilgneous textures that reveal the originul nature of the rock.
The texture and mineral composition indicate that they vere wmedium- to
Tlnewgrained rocks raanging rroim gebbro to augitites in compositicn.
Relict pyroxenes are abundant and nsvally show little or no alteration.
Optical and X-ray determinations on these pyroxenss establishes their

composition a&s wurylng from seglrinc-suglite to pigeonite. Alblte has
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forred at the expense of the original calcic-feldspars, Pumpellyite and
lawsonite also form at the expense of the calcic-feldspars and partial
breakdown of the pyroxene. OSphene is abundant in several of these rocks
and moy be found as large weddge-sha.,ped cryctals, Ir the hand specimen,
these rocks are extremely Fine-grained, tough, greenish in color and are
indistinmuishable from the greenstones found in the peripheral Franciscan.
Tolintion, lineation, snd schistosity are not found, These rocks are
nrobably slightly metamorphosed spilitic basalts and gabbros, since their
calculnted compositions from thelr modes are similar to these basic rocks.
rroup IT--This group includes greywacke~type rocks that are gray to brown,
nedium-grained rocks having a crude folistion and gchistosity. Thin quartz
veins are sbundant in most of these rocks. Quartz and plagioclase are

the most abundant constituents accompanied by lesser amounts of altered
1ithic fragments and fine-grained chlorite, sericite, zoisite, and
aotinolite. A weak dynamothermal metamorphism has partially recrystallized
the finer congtituents, but the origlmal character of the rocks is easily
ascertained. 'Me rocks ave greywackes, for they are couposed of clastic
guartz and feldspar (25¢ or more) accompanied by lithic fragments and the
interpranular cement is made up of & paste or titurated equivalents of

the above mentioned minerals, The greywackes exhiblb recrystallization
alonz the shear planes and the pasty intergranular cement is crystallo-
blasbic. Glaucophane (RGC-TT-51) has formed fine peedles in the shear
sones and tufts around the periphery of the detrital pyroxenes in response

to dynamothermal metemorphism. The greyweckes within the tectonic in-

cluslons are similer to those described by Hutton (1940) and could be

These rocks show slightly higher

classed in his Chlorite gub-zone Chl. 1.
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metamorphism than the peripheral greywackes.

Group ITI--The rocks in this group are characterized by their bluish to
grey coloration and by the moderately to well developed schistosity and
foliation. The schists are fine.grained compact rocks and ma.ny contain
late fractures filled by quartz, calelte, or prehnite. The quartz and
albite in the schists are completely reerystollized and .L'mly rare
porphyroelasts of quartz remain. Usually the quartz and feldspalr sepe-
rate into folia and the crossite, glaucophane, and stilpnomelane farm
along the shear plancs that are still recognizsble by the abundance ot
opague material mtill uncorbined with the recrystallized minerals. Acniite
is present as & stable relict mineral foruing porphyroclests that mey or
may not have 'whiskers' of glaucophane growing out from the surface

(Pl. VIII, Migs. 1 and 2). It is difficult to determine the original
nature of these rocks although they seem to be the metamorphic equivelents
of the guartzo-feldspathic preyvackes. These schisis shov a slightly
higher rank wetamorphism than that observed in the greywackes, but still
10 the Chlorite zone of metamorphism (Chlorite sub-zone Chl. 4, Hutton,
1640) .

Group IV-~-The schiste in thils group are quite similar to those in Group
ITI; fine-grained, bluish to grey, and moderately developed schistosity
and Poliation. Albite is the most abundant mineral forming crude segre-
gation bands. Quartz is mincr or lackiug in these rocks and when present
it haes been completely reerystallized. Relict celeic-plagioclase wes not
found in this group. Glaucophane 1s the domimﬁt doxk mineral forming deli-

cate needles alonz the shear planes, aggregates of fibrous bundles, or
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as "whisher-like" mats around relict pyroxene grains (Pl. VIZ, Figs.
1and 4., Crossite is commonly associated with glaucophane and in

many lustances a cizall needle-lile crystal may have a core of glau-
cophane and a rie of crossite. Acmite and pigeonite appear as de-
trital relicts and siww only incipient reerystallization to glaucophane
(Pl. VI, Fisgs. 1 and 2). Epidote forms eguigranulur aggregates along
whe shear planes and has apparently formed at the expense ot calcic-
Teldspars and mafic minerals. These schists seen to be the netamorphosed
equivalents of quartzo-feldspathic sediments that were wnusually rich in

feldepar and ferromugnesian minerals,

Judeite beuring roeiks

Judeite was first reported from California by Mielenz (1933} as an
coBential constituent in a quartz-albite-jadeite schist from the
Franciscun formation in San Benilto County., Bolander (1990, reported
Jadeite boulders along Clear Creek in the northwestern part of the
serpentine (see Plate I). Following the article by Bolander, considereble
interest was arcused and in 1951 Yoder and Chesterman described the oc-

urience ol jadelte-bearing rocks, in place, along the va:zs of Clear
Creel near Bolunder's original dlscovery.

Yoder und Chesterman (1951) reported eight large exposures of jadeite
in the canyon of Cleur Creck., Several more bodies near the original site
and one large isolated wass near Santa Rita Peak (RGC-84-52) were dis-
covered during this investigation.

The jadeite is found in two distluct occurrences. (1) Lens~like
bodies having an lrregular vugy surface and completely surrounded by

" - s »l-v‘-n T
sheared anbigoritic serpentime. The central portlon of these bodies contains



PLATE VII. Fh

Figure 1.

Pigure 2.

Figure 3.

a1

otomicroyraghs of schist from tectonle Inclusions.

Albite-zlaucophane-pigeonite schist. Groundimass
of colorless albite contaluning relict graings

of Ppigeonite. Alteration by metamorphlsm has
preduced ‘whiskers' of glaucophane around the
pigeonite. Plain light (X 100).

Albite-zlaucophane~crogsite schist. Croundmess
of albite containiny relict grains of pyroxene.
%laucophane and crossite 'whiskers'! forming on
the pyroxene in response to metamorphism. Plain
light (X 100).

Alvite.;laucophane~epidote schist. Groundmacs
of albite containing 'bundles' of glaucophane.
Irregular shear zones contain iron oxides and
epidote. Plain light (X 100).

Albite-glaucophanre-actinolite gehish. Croundnacs
of slbite cut by sinuous shear zone where needleg
of glaucophane and actinolite are concentrated.
Plain light (X 100).
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an irregular ‘eye' of crushed jadeite (Figure 6). (.2) Veins of jadeite
around the periphery and central portions of tectonic .inclusicns (Fig. 7).

The lens-like bodies (Figure 6) form bold resistant outerops within
the gerpentine and have a very indistinet contact with the serpentine
country rock; near the contact the serpentine is blackish and glassy con-
taining antigorite surrounding blebs of chrysotile. Tue contact zone is
composed of earthy weathered material) that apparently hes undergone ex-
treme crushing and shearing. Andradite garnet is present within the ser-
pentine near this contact zone. 7¥nier and Chesterman (1951) report a
contact zone contsining grossularite, lawsonite, pumpellyite, and a green
auphibole, The outer zone of the lens is composed of a tough, greenish
to brown, fine-grained rock composed essentially of fibrous prehnite,
hydrogarnet, and sphene with minor emounts of biotite altering to chlorite.
The sphene seems to be relict as 1t is in distinct bands reminiscent of an
original metemorphic structure. The outer zone grades imperceptibly into
a simllar rock that is brownish with & cavernous weathered surface. The
proundmass ls composed of irregular grains of fully hydrated thomsonite
containing inclusions of fibrous prehnite. Relict grains of sphene are
present as residual crenulated, segregated bends again suggesting in-
herited metamorphic structure, Minor amounts of chlorite mey be found
in the Interstitial areas of the rock.

The central portion of the lens-like body is composed of an 'eye' of
grecnlsh jadelie. The jadelte 'eye' is monomineralic except for extremely
thin velnlets of biotite. Two genersiions of jadeite can be distinguished;
(*) greenish jadeite that has been crushed and fractured, (2) vhite :ia.d.ei’be

hesling the fractured and crushed jadelte. The green jadeite is cloudy snd
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EXPLANATION

SKETCH OF LENS-LIKE JADEITE BODY

Serpentine outcrop.
Weathered serpentine. NS WSp
Jadeite.

Thomsonite - prehnite veins.

Border rock. (prehnite-hydrogamet-chlorite- 5 0 5 Feet
thomsonite rock.) ety o J
Sheared contact. Scale

Outcrop boundory.

Observed zone boundory.
Approximate zone boundary. Sample location number - RGG-105-52.

Figure 6
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has abundent fine-grained opague inclusions. In contrast, the white
jadeite ie clear, with very few inclusicns. Optical determinations
on the green jadeite reveal that it must contain some diopside and
acnite in solid solution.

Velns, up to two inches in width, containing thomsonite, prehnite,
and minor hydrogarnet transect these varilous zones in the lens and are
the latest stage of wineralization cbgerved in the bodies. Hatrolite and
prehnite are present in veins from other lens-sheped bodies in the vinini-
ty. The zoned hydrogernet from these bodies is discussed under mineralogy.

The banded character of these rocks and the reliet stringers of
sphene in the outer-zome rocks suggest that these lens-like bodies may
have originally been metamorphic rocks similar to others found as tectonic
inclusions wlthin the serpentine. The mineralogy of the lens~like body
described by Chesterman and Yoder is somevhat different than the one
studied by the author, although the general characteristics are similar
and cursory exsmination of other lens.like bodies shows & variable mineral
composition.

Tndividual veins of Jjadeite were found in schist bodies along Clear
Creek (Fig. 7). These veins are usually along the periphery of the schist
and show cross cutting relationships to the enclosing schist (Fig. 8).

The veins are quite variasble in composition and color, and show irregular
form. Mpst of these veins are less than one inch in width with loecal
swellings up to eight inches. The larger veins contain two generstions
of Jjadelte, a dark green variety containing diopsfid.e and acmite in

solid solution cut by intersecting veinlets of white jedeite accompanied

by minor enaleite and low albite. These large veilns pinch and swell, and
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GEOLOGIC MAP
OF

TECTONIC INCLUSION
CONTAINING

JADEITE

EXPLANATION

Weathered serpentine.

Jadeite veins.(Contain white jadeite, albite,
analcite, prehnite, and natrolite.)

Pods containing jadeite and antigorite.

Shear zones of tremolite.

Schist - albite-gloucophane-stilpnomelane
albite-glaucophane~acmite
albite-glaucophane-epidote
albite-quartz~crossite

Outcrop boundary.

Approximate boundary.

Intermittent stream.

Sirike of verticdl schistosity.
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Geology by R G Galeman, (14|
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Figure 8.

Polished slab of albite -glaucophans ~anmite
senist cut by vein of wnite jadeite. Hote
Polin of jadeite developed 2lOng planes of
gchistosity .
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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
schigt ore shown in Figs. & and 9. The contact betwsen the enclosing
schigt and the jadeite vein is elways very sharp and is marked by a thin
selvage of green jadeite about 5 mm in width. In places the Jjadeite
penetrates the schist along the planes of schistosity, forming small dis~
continuous folie (Fig. 8). Microscopic study of these small jadeite veins
shows that the jadeite forms normal to the vein walls and is grouped in
semi-radiating clusters that are intimately interlocking. Albite anc’;
anelecite 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 ansleite 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 albite, 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 variations in compogition. This
block iz smimilar to the tectonic inclusions which have been deseribed
garlier and exhibits a well developed foliation and schistosity aécompanied
by minor small-scale folding. The contact with the enclosing serpentine
is hiphly sheared and tremolite is developed as very fine-grained erystals
in this zone. Small elongate blebs of jadeite intergrown with antigorite

are common nesr the schist body and appesr to replace the serpentine.
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Urigin of the jadeite

The mode of formation of jadeite in the Yew Idria distriet presents
several problems, slthourh the observed field and mineralogical data
seem to verify some of the recent experimental work on the jadeite
problem. Jedeite has been considered by many writers to be formed only
at high pressures and temperatures because of its high density and its

apparent associstion with eclogites. Yoder (1950a) has shown that

P

analyzed jadeites foll into two distinct groups, (1) those high in Ia
and Al ossociated with albite and nepheline and (2) those lower in Ma
and Al associated with parnet, i.e., eclogite. The first group of
jodeites are always found essociated with serpentines, the Clear Creek
jadeite falling in this group. Since there are no eclogite facies In
the liew idria district or in other rocks containing Ie-Al rich joadeites,
it would geem thet the formation of Ma-Al rich jadeites is separate 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 ss described by Hutton (1940). The presence
of stilpnomelane in some of the schists cut by jadeite veins and contain-
ing folia of jadeite sugrests Chlorite zone metamorphism. Quartz-albite~
epidote-stilpnomelane, therefore, sre here considered as a mineral
facies charscteristic of the Chlorite zone. Thus it would seem that P-T

cdnditions during the formation of the jadeite were similar to those

characteristic of the Chlorite =zone,




The presence of low albite and zeolites within the jadeite veins
sugests that the pressures aend temperatures following the formation of
jodeite were not excessively hiph. JFurthermors, the enclosing serpentino
has not undergone any alteration which may have resulted from higher
temperatures or pressures. DRowen and Tuttle (1949, p. 459) state that
serpentine camnet be present in any leyer of the earth's crust whose
temperature ls normally above the decomposition temperature of sefpentine
under the pressure prevailing., Doéwen and Tuttle have also shown experi-
mentally that serpentine inverts to forsterite and tale at a temperature
above 500° ¢ with pressure up to 45 kilobars having little effeect. 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 appesr from these observations that the
I~T conditions during the formation of jadeite were similer to those
characteristic of the Chlorite zone of metamorphism.

Jadeite has been synthesized by Griggs, Fyfe, and Kennedy (1955)
using anelcite powder at elevated temperatures and pressures. The jadeite-
analeite boundary extends from the triple polnt (jadeite - nepheline +
albite + vapor - analcite + vapor) at about 600° ¢ and 12 kilobars to 300° ¢
end 14 kilobors. Combining Yoder's (1950a) measurements on the nepheline +
albite + water —> analeite egquilibrium, and Adams' (1953) thermodynemic
calculations on the formation of jedeite from nepheline and 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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Jadelte is stable and can form from analclite at tewperatures from
300 to 600° C and pressures from 18 to 12 kilobars, respectively (Griggs
et al., 1955); hovever if ean anhydrous systom is assumed, following
theruodynanic caleulations of Adams (1953), it is found that jadeité
is stablce at temperatures belov 240°% ¢ and at pressures below 2000 bars.
The petrographic observations shov thai the jadeite in the veins could
have formed in an anhydrous epvirompent since there are no hydrated
mineyals Tormed at this stage. Replecement of jadeite and albite by
later onalelte suggests an introduction of water followiug the earlier
i formation of jadeite. If an anhydrous condition existed during the
period of jadeite formation the thermodynamic ealculatlons of Adams shov

that it would be stable at P-¥ conditions similar to those postulated

for the Chlorite zone of metamorphisu. The original reaction to form

the judeite is obscured; mepheline has not been found although albite is
plentiful in these rocks.

Three possible sources for rluids responsible in the formation of
the jadeite must be considered: (1) fluids from the syenite intrusion,

(2) fluids residual from the process which gave rise to the serpentine,

and (3) fluids produced by metamorphlsu of the tectonic inclusions,

The syenite intrusions are enriched in soda during the late stages of
solldification 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 menifest within the

e e i e g+ +
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syenite rocks, and it seems that the intrusives are younger than the
formation of the Jjadelte.

During the serpentinization of the original ultrabasic rocks,
flulids may have been enviched in sodium aud alumins during the late
stages and these flulds could have been concentrated in the lens-like
bodies and along the countacts of the more resistant schists vhere the
greatest fracturing and shearing would provide eample open spaces. The
trace elenment study of the serpentines revealed that sodium was below
the limit of sepsitivity in all samples and it seems unlikely that ser-
pentinization could produce a concentrated Na-Al rich fluid, unless it
came from au outside source.

The close associatlon of the jadelte with the tectonic inclusions
strongly indicates that the soda-rich fluids may well have come irom
these rocks. The minerals formed by dynemothermal metamorphism of these
rocks are in some cases sods-rich and analyses of most of the rocks of
supposed Franciscan age are extremely soda-rich ranging from 5 to 6 per-
cent Napg0O (Taliaferro, 1943, p. 136). It would appear most likely that
the sodiumerich fluide have been produced during the metamorphism of
these large tectonic inclusioms. Higher confining pressures were probably
developed in the tectonic inclusions than in the surrounding serpentine
because of the resistant and britile nature of the rock when compared to
the plastic serpentine.

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

mineral in schist from this same reglon by Mlelenz (1939). According to




de Roever (1955) Jadeite has formed in quartz-albite schists from the

Celebes asuociated with glaucophanic rocks. He has shown that the jrde-
ite forms under metamorphic conditions characteristic of the glaucophane
sclilegi facies.
e production of larger veins and pods of jadeite may have resulied
from wobilization by metanorphic differentiation. The metamorphisa of
these tectonie inclusions probably took place during the serpentinization

of the nltrabasic rocks and these procesges nay have contribuited, in parw,

0 the peculier set of conditions necessary in the formation of jadeite.

The recen® review of the jadeite problem by Yoder (1950s) has shown that
Jjadeite (Wa-Al rich) is not necessarily genetically asgociaied with
eclogites, bub secns to be more closely related to serpentines. All of
the jadeite localities, in place, described in the literature are in or
near serpentine, and 1% would appear that the tectonic enviromments and
yook types characteristic of the serpentine belis produce a situstion

favorabhle Cor the formation of Jadeite.

SERPENTTES

The serpentine body is spproximately thirtesn miles long and four

B g A e Foy 1] weblions
miles wide and at leanst 2,000 feet in thickness. Various interpreaizon

. Y eurrashs
nave been piven as to the & cyucture of this boldy. Talialterso {(LS45) susjest

thet 1t may be a lorge sill with laccolithic swelling in w2 thickest pars

ie % 5 3 Pxe pPLUE.
of the sill, but Hekel and Myers {(1946) conclude Ghat 1v 1s @ lovge pros

i T L wid ¢ coubacts and DoOWnere
The eontacts on all sides of the serpentine are fault Coilv &

. " o ey ate I}. Tae bovte:
can bhe original eontact relatious be cbserved (see Plate I)
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somewhat concordant relstions with the Franciscan formation along the
southern borier.

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

The serpentine mass must have been brought into its present position
by tectonic movements even though it may have been an ultrabasic agma" at
greater depths. No field evidence can be found to substantiate the hypo-
thesis that the serpentine was emplaced in its present position as an
vltrabasic magma which had later been serpentinized in situ.

The serpentine in this dlstrict has been strongly weathered to produce
o terrain of low rounded hills composed of flaky serpentine debris tens of
feet thick. Scattered throughout the serpentine are many gmall and large
greas which have not been completely weathered and these stend out as
bold irregular outcrops. A comprehensive study of the structure and
petrography was not possible because of these large deeply weathered areas.

Approximately 25 separate outcrops of unweathered serpentine were
studied and the general petrography and mineralogy was established by thin
section examination. One complete chemical analysis (Table 25) and seven
semiquantitative spectrographblc analyses (FL. IV) were mede to establish

the composition of the serpentine.
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The most important feature of the serpentine is the completeness of
the serpentinization in the ultra-basic body. There is no merked difference
between those specimens teken from the center and rocks taken from the edge
of the body. This indicates that the serpentinizetion was not the result
of local alterations produced by intrusives, a mechanism sometimes useci
for the serpentinization of ultrabasic rocks (Du Rietz, 1935). Tae
serpentinizetion may well have taken place during the tectonic emplace-
ment of the rock, a time which affords inereasing temperatures and a
plentiful supply of water from the enclosing sediments. This mechanism
has been suggested by Bowen and Tuttle (1949) for the formation and
emplacement of serpentine masses.

Antigorite and chrysotile are the two most abundant minerals within
the serpentine. Antigorite predominates where the serpentine has undergone
more pronounced shearing and typically forms sheaf or flame.like sggregates
(Pl. VIII, Fig. 3). Antigorite-rich serpentines are found along the con-
tacts between the tectonic inclusions and serpentine, also where serpentine
is in contact with sediments sround the periphery. Chrysotile commonly
forms e structure which pseulomorphs the original texture 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
neasuring several inches across. A more detailed discussion of the
antigorite and chrysotile is given in the mineralogy section.

Magnetite is a universal accessory in these serpentines and two dis-

tinet generations can be distinguished, (1) primary magnetite formed as
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PIATE VIII, Photomlcrozraphs of the serpentines.

Figare 1.

Figure 2.

Figure 3.

Figure 4.

Iarge bastite grain surrounded by andradiie
within antigoritic serpentine. Plain light
(x 40).

Relict olivine surrcunded by chrysotile
producing a typical serpentine mesh-texture.
Isrge opaque grain of primary nagnetite
surrounded by a reaction rim of chlorite.
Fine.grained opague meterial within the clirysotile
is exsoluiion magnetite. Plain light (X hrg.
Antigoritic serpentine illustrating typlesald

sheaf - and Tlame.like aggregate forms. Crogsed
nicols (X 40).

Andredite vein follawing e shesr zone in an-
tigoritlic serpentine. Plain light (X %0).
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an accessory mineral in the original ultra mafic rock, (2} exsolution magne-
tite formed during the serpentinization of the pyroxens and olivinpe (P1. VIII,
Fig. 2). The primary magnetite is characterized by much larger grains {up

to 5 mm) and is usually surrounded by a balo of chlorite. The exsolution:
megnetite is extremely fine-grained (less than 0.2 mm) and follows the

former outline of the olivine grains or may follow the cleavege lines in

the pyroxene. Chlorite does not develop around the exsolutlon magnetite.

Chrowmite 18 erratically distributed within the serpentine as a minor
accensory or as infrequent pod-like accumilations. The latter have been
mined to some extent, although no single pod has produced more than several
tons of ore. This chromite has been formed by segregatlon from the orl-
glval ultrsbasic megma as suggested by its tabular form and banded nature.
Chromite from these pods has & demsity of 4.42 and an index of 2,043 matching
very closely the density and index given for piecrochromite, MgCr=04. The
chromite segregations exhibit imeipient alteration to uvarovite and
kermererite (Figure 5) that may have resulted from the processes giving
rise to serpentinization. A detalled deseription of the kemmererite is
given under wmineralogy.

Olivine was detected in only three of the serpentines studied snd in
every case only & Pew relict grains were visible (P1. VIII, Fig. 2). The
average composition, determined by measuring the optic axial angle, 1s
175 FepSi0,. Zoning was not detected in sny of ‘the olivines from the
serpentines, The iron content of the serpentine, as determined spectro-
graphically, ranges from 1 to 56 Fe and if the asgumption 1s made that all

of the iron was originally in olivine, this would give a very low amount




98

of fayalite, less than 10%, somewhat lower than that determined by
optical measurenents.

Beveral tabular and banded zomes within the serpentine contalned
abundant rellet pyroxene altered to bastite. The optical constents on
the unaltered rellct pyvoxenes match those of enstatite. The bastite
end relict pyroxene have retalned their original criss-cross texture and
the interstitial areas contain chrysotile peeudomorphing olivine. The
pyroxene bands represent a partial differentiation of the ulirabasic magma,
however, the volume of these rocks is smell and probably does not represent
more than 1% of the total. Many areas within the serpentine conteined an
isotropic serpentine mineral associated with chrysotile.

Andradite garnet is a prevalent mineral produced by the serpentini-
zatlon process within the serpentine. Many of the more resistaut knobs
and ridges within the serpentine contain abundant small anastomosing veins
of andradite. The crest of Santa Ritae Peak, the highest point in the
district, is composed of andradite-bearing serpentine and its survival as
a prominent peak resulis from the garnet veination that produces a tough
regigtant rock. The garnet is always a late mineral and occurs in veins
that follow, in part, the shear planes within the serpentine (Pl. VIII,
Fig. 4); although in some instances the gernet is found intimately associ-
ated with bastite and in part pseudomorphs the original pyroxene (PL. VIII,
Fig. 1). The andradite is always found in antigoritic serpentines and its
formetion may depend upon the shearing conditions attendant in the crys-
tallization of antigorite. Assuming that the garnet is formed by the break-

down of pyroxene (Ca-bearing) end magnetite, the following reaction shows
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that it would take three molecules of diopside to meke one of andradite.
3(%?1:;«'.7-(3@'}-28102) + F9203 —> (BCaO"FezOB- 3.‘3:102) + 3810, + R0
diopside magnetite endradite
The spectrogrephic analyses on the average sorpentine show 0.01 to 0.05%
{la, whereas the andradite-bearing serpentines show 1 %o 54, Ca, & hundred-
fold increase. Tt would seem, from this data, that the formation of
andradite within the serpentine must be accompanied by external source
of Ca or an extremely efficient mechanism of mobilizing Ca from the
vroxenes within the serpentine.

The almost complete serpentinization precludes an exact determina—
tior of the original -ltrabasic rock types. The textures observed in
the unsheared serpentine show thet olivine greatly exceeded pyroxene;
therefore it seems reagonable to assume that the bulk of the parent rock
was dunitic in compostion before alteration to serpentine. Tocally where
differentistion or accumulation is manifest by the presence of tabular
bastite zones the originsl ultrabasic rocks were herzburgites and
pyroxenites.

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

present position was an ultrabagic intrusion.
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Tatrusive Rocks

Izgneous rocks representing a restricted period of intrusive activiwy
are present within the serpentine. Two small bodies crop out pear tie

Gen mine, one in the NE 1/k of sec. 26 and the other in the SW 1/% of
sec. 25. Along the southern border of the serpentine, a large ci-ziure
of igneocus rock lies across the serpentine-Panoche shalc & .iaei near tue
headwaters of White Creek (see Plate 1).

The intrusive rock in section 26 is & small plug deeply weathered
and covering about 25 square yards in areal extent. The vesthered matvixe
of the serpentine and igneocus rock precludes any statezent of the ccatact
relationships. Specimens procured several feet below the surface shovw
the rock to be s fine-grained, dark camptonite.

An elongzate dike-like intrusion approximately 400 feet long and &G
feel wide crops out in section 25 (Fig. 10). The dike has been well
axposed by differential erosion on the north flank of a ridze forming an
irregular wall-like mass extending down the ridge. The contast betwWwesn To2
gerpentine and intrusion 1g obscured by talus and weathered serpenvite.
The dike rock is a coarse-grained, brownish barkevikite syeaite. A thin

selvage of albltite (6 inches to 1 Poot) occurs sporadically along tae

contact.

is the TOST
The White Creek igneous mass covers several acres and k]

extengive exposure of this rock in the district. During the mepping of

thig exposure it became apparent that this mess has been displaced ani Was

part of e large landslide that has ridden out over the upturned Panosae
§ayrn

trodir
ghales. Eckel and Myers (1946) show this igneous body in place imtruding
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both serpentine and Panoche shales. Detailled inspection of the contacts

between the serpentine and intrusive shows a gouge zone made up of both
serpentine and igneous rock. Several trenches dug along the serpentine-
shale contect show o similar relationship. No hornfels or contact
alteration of the shales could be found although several displaced fra:-
ments of baked serpentine were found in one of the trenches. The igneous
rock in this exposure is extremely fresh in comparison to the other
intrusive bodles. It is indeed unfortunate that this body has been

dislocated 8o as to obscure the structural relations with the serpentine.

It was declded, none the less, to use this rock for analytical and
mineralogical study, keeping in mind that the relations with the other
intrusive bodies would be somewhat obscured. The rock from this exposure
is quite varieble in texture, light brownish and made up of barkevikite
syenite and minor suuptonite.

These igneous rocks have been dlvided into three types on the basis
of texture, wmineralogy, and chemical composition.

I ~ Comptonite Fine-grained with dark brown to black
color containing: barkevikite, olivine,
pigeonite, and caleic-plagioclase.

11 - Syenlte coarse to mediuwm-grained with phenocrysts
of barkevikite in light groundmass of
feldspar and zeolites.

TIT - Albitite vugy end coarse-grained containing: albite,
analcite, natrolite, and aemite,

Camptonite is found at ‘two of the three exposures although its exact

relationship is not clearly shown in the ficld. The exposure in section

26 is exclusively cemphonite and is interpreted as an intrusive plug which

has crysiallized rapldly. Camptonite is found in the White Creek mass
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only by digring olong the southern border of the outerop and here it is
cosoclated with boked serpentine; although no fragments were found which
show © complete tremsition from baked serpentine through cemptonite to
syenite. The camptonite probably represents an early differentiated
phase of the intrusion and has been preserved along, the 'chilled'margins
of the imtrusive.

The Iresh comptonite is derk brown to black and has a distinet con-

cioldal fracture. Tt le extremely fine-grained and shows & rough banding

alon; the foco of the serpentine contact. The border zone or "chilled"
contact hos a (roundmass consigting of a felted aggregate of calcic-
piog loclase ond needles of amphibole (1, TX, Fig. 2). FPhenoerysts of
olivine and bharkevikite are "floating"™ in this extremely fine-grained
proundmasg.  The rroundimass feldspar is too fine-grained to determine
exoct composition but it probably is close to Angn. The amphiboles in
the rowndmass sre varigble in composition; richterite is found in cores
rimned by erossite and burkevikite crystals are rimmed by crossite and
¢loueophone, The formetion of the blue Na-My amphiboles in the "chilled"
sone ouppestn contominetion by ' assimilated from the serpentine;
althow h no partinliy rssimiioted inclusions of serpentine were found in
the ecomptonito. The ;oundiass in parts of the "ehilled" zone shows
flow structuro with o trochytic texture. The "chilled" zone is one to
four inches i tlickness and is followed by a thin seivege (about T
ineh) rich in plagiocluase. This piagioclase is lath-shaped and strongly
soned (Angg core to bn, g rim) exerting strong euhedralism and forming a

pilotaxitic textnre (1. ¥X,Fig. 2).
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Except for the chilled zone and plagioclase selvage the camptonlte
is unilorm in composition and texture. The camptonite groundmass consists
of plates of zoned plagioclase and small needles of barkevikite. Olivine
with reaction borders of barkevikite and biotite form kelyphitic elots in
the feldepar groundmass. Colorless pigeonite also forms cores in the
barkevikite clots, although kelyphitic rims are not developed round the
pyroxene.,

The plagioclase hag a strong continuous zoning and furms a groundmass
ul subhedral to euhedral plates. The cores of plagioclase are c¢lear and
fresh with an increasing cloudiness developing in the peripheral parts of
the erystal, and rimming these crystals is a clouded and somewhat altered
feldspar. The fresh cores of the plagioclase are Angg.sg ranging outwards
to the periphery by continuous zoning vhere a composition of Ango was
determined. The "deuteric" rim surrounding the clear, zoned feldspar has
an An content from 10 to 12 and =ontzins fine-grained needles of prehnite.
The plagioclase shows complex albite~ala twinning and less commonly simple
albite twinning. Within the interstitlal areas, minor natrolite and
analeite replace, in part, the clouded albite rims,

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

Olivine, as noted earlier, is always found with e kelyphitic rim
which is composed of exsolution magnetite and fibrous pyroxene surrounded
by barkevikite crystals. The ollvine is strongly zoned and the 2Vxvaries

from 82° (edge) to 88° (core) giving Mg=S5104 78% (edge) and 84% (core);
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sugpesting that the olivine has crystallized from a differentiated parent
basic wagmi.

The colorless pyroxene within the barkevikite clots has a small 2V
(ca. 30° o 40°), positive sign, and 2 A ¢ 37°%; probably pigeonitic in
composition (Pl, IX, Fig. ¥). Indistinct zoning was observed.

Blongated erystals of apatite are common in the groundmass, some
attaining lengihs up to 1 n. Irrepular blebs of sphenc are associated
with l1luwenite and primavy 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 Teble
2k,

Barkevikite Luda Syenite 1s the domlnant rock type from the igneous mass

at the Walte Creel locality and in tie dlke from section 25. The grain
pize and texture are quite variable ranging from fine-prained facies
similar o the camptonite to a coarse-pralned porphyritic facies with a
pranitoid proundmass and large prisme of barkevikite (up to & inches in
lensth).  The hornblende shows no preferred orientatlon althiough sharp
changes in texture are quite common. Inclusions of foreign rock were
not Tound within the syenite from either locality. Figure 10 shows the
outerop patiern of the syenite dike and such structural features as could
be determined; no detailed wmep of the White Creek mass was made since it
has been dislocated by landslide.

In the hond specimen, the genite is mottled black and white with
extrenely well developed black prisms of barkevikite set in a white
groundmass of feldspar, Where soda-pyroxenes dominate over barkevikite

8 greenish cast is developed in the syenite. The extreme variability in
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TABLY 2).. NODAL ANALYSIS OF CAMPTONITE (RGC-45-30).

MINRRAL

PERCENT

PLAG TOCTARE
(An 20.69)

BARKRVIEITE

OLIVING
(Fogo-Faze)

PYROYENE
APATITE
BIOTTIN
SPHINE
MACTETTITE
PYRTTE

PREIISTTE

40.0
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in sige of the hornblende pheaocrysts is the wost striking feature of the
various facies when contrasted to the groundmess wvhich appears to remain
mediws to fine-grained.

The syenite hos a panidicnorphic-granular texiture and vhere the
rocik shows deuterie alteration the texture becomes porphyritic with a
hypidonorphic-gramilar groundmass. The feldspar ferms almost cicunt tabue
lur crystals vhich shov strong zoning under crossed nicols. The invner
portions Of the crystale are usuvally clear execpl for inciplent alterations

thick rims of cloudy Peldspar Ang-io

these cores grade owbt into ot
vhleh i burn moy srade into natrolite andf/or amaleite (PL. IX, Tig. 3).
fhe composition of the fresh core iv andesine (Angs.sg) which grades out

to the rlam of the clear avea in continuous zoning to & ecomposition of Angp.
dinor worthitic inberprowihs were observed in several of the cloudy albite
vimns, %Yhe cloudy albite is the most abundant feldspar umd in the syenite
facles the caleic-plapioclase never exceeds 157 of the tolal feldspar.
Caleic-plasiocluse is completely laciing in some facies and in these vocks
the feldspur 16 albite (Ans.ip). The albite from the Vhite Creek wase is
always clovded and it seems 4o huve formed by late deuteric ov hydrothermal
dltetion. Under bhigh magnification the clouwding materials appear o be
elongated fiboers and short rodo accompanied by opague dust. Differential
acid leaching of the clouded albite clears the albite and the inclusions
thot vemain have opbics simllar 4o those of prelmite. The dissolved
material ie thought to be ivon oxides and natrolite. MacGregor (1931)

ond Poldervaart and Giltey (195h) bave shown that clouding in feldspurs

may be due to a deuteric or hydrothermal alteration.
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TABLE 22. MODAL ANALYSES OF SYENITE.

MINERAL RGC-1-50 RGC.48-50%
AIBITE (Ang.ye) 28.8 53
ANDES THE - TABRADOR ITR - .6
(Anss.30)
BARKEVIKITE 37.8 26.2
AWALCTTE - 2.3
NATROLITE - 5.3
TOISITE 10.3 -
MICA | 12.2 k.S
CHLORITE : 8.k -
APATITE .3 1.6
SPHENS 2.2 -
OPAQUES 7 .
166.7 99.8

-
.

* Same as enalysed rock RGC-47-30
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In contrast to the syenite from White Creek, the syenite from the
dike in section 25 contains sbundent clear and fresh albite (Ang.;q)
which may have recrystellized during a late tectonie movement that the
dislocated Wuite Creek syenite has apparently eseapsd by landslide dis-
loention, The dilke syenite does not contain any caleic-plagioclase and
theres is no zoning or twipaing in the 'recrystollized' albite. The ex-
cess Ca has been teken up by prehnite snd clinczolsite.

Analeite and matrolite in the syenlite have formed by deuterlc or
hydrothermal alterstion. Analeite seens to form first and iz found
enlarging clzavoge traces of albite and es larmer patehes replacing
albite. Lorpe oress of analelite ave found suwrrounding barkevikite and
thege commonly contein worny biotite. MNatrolite follows analclte and
gselectively replaces albite. Watrolite nuy completely replace feldspar
preserving its original texture.

Barkavikite is the most abundant mafic mineral of the syenite and is
characterized by well-developed eubedral babit and distinctive nlecchroism
(PL. IK, Fiz. 1). The physical properties of barkevikite are sinilar in
all facles of the camptonite and syenite and it appears to be atable in
both rocks exeept in the 'chilled' zoue of the cemptonite. The chemical
and optical properties of barkevikite from the thite Creeck syenite are
given in Table 1k,

Acceggory winersls from the syenites are similar Lo thoze found in
camptondltes with some minor variations. Apatite is asbundant, Torming
elongate, light brown, prisme with wealk pleochrolem. A spectrograpnic
snalysis of the pare apatite from the White Creek syenite is given in

Plate IV. Sphene i found both as & primary mineral and as an alteration
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product of the barkevikifte. Biotite is more abundant in the syenites
than in the camptonites and is formed during late deuteric or hydro-
thermal alteration when it crystallized as worny clots within the zeolites.
Calcium released in the alteration of the caleic feldspar has produced
prehnite, zoisite, and clinozoisite. Swmell amounts of muscovite are
bresent in the syenite dike although it was not definitely identified in
the White Creek syenite. Magnetite, ilmenite, and iron sulfides are
scarce in ell cases. FPhenocrysts of a deep ved garnet (up to 1 cm) are
present in s syenite boulder in the White Creek syenite and optical and
density determinations (N-1.800 and D-4.18) on these garnets are similar
to those given for epessartite. Heavy mineral separations of the normal
gyenites alge produced small gquantities of this garnet. The chemical
analyses of both the camptonite and syenite (Table 23) show that they
are underagturated rocks with reaspect to silica as nepheline is present
in the celculated norms (Table 24); although nepheline was not found
in any of the rocks. The absence of nepheline in these rocks could be
explained by the fact that in a hydrous deuteric or hydrothermal stage,

‘-! nepheline is unstable. Yoder (1950a} has shown that anslcite forms in a

j hydrothermal system at temperatures below 575° C. and above this, albite

! and nepheline are steble. This experimental relationship becomes valuable

in interpreting the presence of analeite and matrolite in the late stages

of erystallization of the syenite intrusions. The presence of analecite

% and the sbsence of nepheline in an undersaturated rock, such as this, would

seem to indicate that the final stege of intrusion wae characterized by

lov temperatures and s hydrated condition. A modal analysis of the White

Creek syenite and the syenite dike in section 25 are given in Table 22
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TABLE 23. CHEMICAL ANALYSES OF CAMPTONITE AND SYENTTE.

1 2 3

810p 48.56 51.42 60.00
Ti0g 2.01 2.20 A2
AlaOs 15.72 16.38 16.88
FeO 9.65 7.62 3.02
Fepls ) 1.18 1.83
MnO 19 .23 12
Cad T.T6 6.77 3.16
Mz0 6.52 3.68 1.40
K»0 .5 1.06 .ol
.20 5.02 6.0k 9.51
Hpz0- RIT:) .3 R}
HnO+ 2.29 1.41 1,53
700 - traces .03
Crels nil “ -
Bal .05 traces .06
8ro - .08 .02
1120 - - traces
Pa0s -~ 49 1k
€Oz - A5 59
) - - traces

;9-88 99.85 99.68

1 . Campbtoaite (RGC-45-52), enalyst - W. H. Herdsman.
2 . Byenite (RGC-47.52), analyst - V. H. Herdsman.
3 . Syenite from Arnold and Anderson (1910), enalyst - W. F. Hillebrand.
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TABLE 24. WNORMS OF ANALYSED CAMPTONTTE AND SYENTIES.

e e
¥ 2% 5¥
ORTHOCLASE 4.19 5.12 5.56
AIBTTE %0.92 43.7% 75.56
ANORTHTTT, 17.24 15.29 1.h%
MEPHELING 8.10 %.83 2.72
DIOPSIDE 17.43 10.82 5.72
OLIVINE 15.96 9.75 2.99
MAGNETITE A6 2.,1f 2.66
TIMERTTE L.8 k.26 .08
APATITE 1.27 3k
CALCTUM CARBONATE - 1.00 1.34
WATER 2.29 1.41 1.53%

CIPY CLASSIFICATION

o

1 - Class III, salfemle
Order 6, lendofelic
Rang %, alkali-ecalelc
Subrang 5, persodic

and ¥ -

Class IT, dosalic
Order 5, perfelic
Reng 2, domlkalic
Subranz 5, persodic

#* See Table 2% for chemical analyses and identification.
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aud in Wuble 25 {wo independent analyses ol the White Creck syenite are
Glvrot.

Albitite and Leolite-Rieh Rucks are found in minor anounts associated

wish the lute stope hydrothermal or deuteric alteratlon of the intrusive.
those rocls are charactorizod by a vugy texbure and aluost pure white
cniore A suall zoue, up to oae foot thick, of albitite is developed in
the syenite dike along the combact between the intrusive-serpentine
contuet. 4he rock is made up ulwost entively of clear albite (Ang.ig)
accoupanled by elinozoisidte that fomms delicate needle-like druses in
the maerous vuge. Clear sphene 1s o comaon accessory in the groundmass,
Barkovikite cores rimmed by acnite or aeglrine-augite ure present in sube
ordinate amowats (1 to ) and the a mphilbole 16 the only mafic mineral
observed.  isolated stringers and clots of albltlie ave found within the
syonive but hore it Is o very winor facies. Numerous late, vugy velins of
aeolive are prescnt lu the White Cruek oyonite. ‘These late velns vary iun
Vidih from one o wix inchos and may extend to several yards in length.
“he wminerals within the veins are purticularly well developed and & fairly
suwrong coppey sulflde mineralizaetion in many of these veins was obscrved,
fn udditlon, large irreguler vugs (up to a foot across) are also prosent
in the syenite and these contailn the sume well formed crystals thut are
Yound in vhe veins. Hatrolite iz the wost sbundant mineral in the velns
and vuge, cryswellizing as dlstinet prisms wp to one inch in length and
about % am. in cross-seetlon. The unusual morphology of this natrolite hoo
been Giscussed carlier under minerzlogy. Anoleite, prominent in both vuss
and voilne, attalos exeeptlonal olze in the larger isolated vugs where

crystals wp to one inch or more vere found. Tho trapemchedral faces
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PIATE TX. FPhotomicrographs of camptonite and syenite.

Figure 1.

Fizure 2.

Fisure 3,

Barkevikite sode syenite. Large prisms of
barkevikite inclosed by plagioclase feldspar.
Note zvains of plagioclase with cleaxr cores
rimmed by cloudy alblte. Interstitial areas
contain zeolites and hiotvite. Plain light
(x 23).

Camptonite, 'chilled zone' showing a fine-
grained groundmass with euhedral crystals of
barkevikite and olivine which is surrounded

by a kelyphitic rim. Note embayment of the
'chilled zone' by the nlagioclase-xich selvage.
Plgin light (X 40).

Alteration of eslecic.plagioclase to albite.
Wote the Pine inclugions within the albite
contrasted to the clear caleic-plagioclase.
Crossed nicols (¥ 100).

Camptonite. Larze 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 cou

taining
mamerous halr-like inclusions of acmite. The larger ecrystals have o

very Taint birefrinsence and a rathor complicated twimins, Inpdividuul
eryotals of tebulav, prismatic acmite are abundant in the vugs and veins
.Ln‘i;c:r;;rown and Implanted on the natroli%te and ancicite. Occasionnl cor

oi’ burkevikite ure found rimmed successively by acgirine-sugite and uemite
The copper wlneralization within the veins is present as small blebs of
chaleocitle accoupanied by salena. Spectrographic analysis of this suifics

mlxsure ghove 0.,05-0,15 He and detailed inspection of the coacentrate

shovs maierial sinllar to cinpnbar,

Clussiiication and Origin of whe Igneous Rocks

I N

Conoiderable dlificulty is encouncered in placing these roe:s within
presewt ook classifdcations, elther on the basis of chemistry or nizeralogy.
fhe nomas culenluted in fable 24 certainly do not resemble the minerals
reported in the wodes (Yubles 21 and 22), Hepheline was rot found in any
0% the rocls, ulthough all thiee caleuleted norms shov nepheline; {urthera
wore ovbhocluse 1s present in the norms and not in the modes. Duiugside and
olivine also are shown in all three norms but these mineral types have beed
ldentificd only in the cumuplonites. Hatrolite and analeive are preseut
in oll of the intrusive rocks and it scewms thal these minerals kave
proxied for ncpheline. The stebility relationships of nephelire-anajeite
ap dlscusued earlier, suggest that in the late stages a hydrothermal 1low-
tenperature conditions may have removed any nepheline formed in the
carlicr intrusive stuge, 7This, somewhei peculiar, situation a8 pro-

ducod an vnder-saturated rock without the expected feldspathoids. The



high-sodium coatent contrasted to the paucity of potassium is another
peculiarity of these rocks that poses & difficult problem in classifi-
cation. The two rocks anslyzed for this investipation have been clasgi-
fied occording to both chemical and minerslogical methods; the results

are Labulated below.

RGC-45-51 RGC-47-51
Washington (1917) TIT6-3%-5 II-5-2-5
Johannsen (19%1) Family %216 Family 2216
campoonlta Wepheline-nearing
diorite
Shand (1927) DVM & XUM &
sub-basalt eseexite
‘camplonite® theralite
il (19%6) soda gabbro magia, sormatische magns
Type 2 Mogesritisch (sub-slkalic)

Type Melarkitisch

The early facies of ithese intrusives, namely (RCC-45-51), is clearly
showm o be a camotonite as it falls into the camptonite categories of
Shand and Johaunsen. The chemical classifications of Wigsll and of
Hashington (CIFW) pilve erroneous placement as the normative minerals are
grosely different From the modsl minerals. The classification of the
wain intrusive rock (REC-4L7-51) is still somewhat doubtful snd it appears
that the rock mey be a hybrid. The rock was first described by E. S.
Iarsen for Arnold and Anderson (1910) as a z;aoda gyenite and has since
heen referred to ag & soda syenite by Taliaferro (1943) and Eckel and
Myers (1946). TFollowing the definition of a syenite given by Johannsen
(19%1), 1t appeors that this could not be called a syenite, since potash
feldepar is an essential constituvent in the later and the New Idria rocks

contain less than 17 Ks0; this is probably present in blotite. Following
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Shand's classillcation this rock would be grouped with the theralites
and Johannsen's classification shows it to be a nepheline-bearing
diorite. The chemical classiflcations of Nigzli and CIPW are of no
value in deternining a proper classification because of the unrealistie
noring . A more descripltive petrographic name for the soda syenite would
be barkevikite sodaclase diorite following Johennsen's nomenclature,
bt the original rock name given by Larsen is retained here to avoid
confusion.

The rocks formed by late stege hydrothermal or deuteric action and
containin- albite and zeolites could be best called albitites with
quallfyins adjectives. Turner (1896) first described albitites as
aplitie rocks composed entirely of coarse granular aggregates of albite.

The intrusives of the New Idria district seem to have arisen from a
parent moyma that was probably similar in composition to olivine basalt
maoumas . Marked zoning in feldspars and olivine of the cemptonite indi-
cates dilfferentimtion. The camptonite horder facies seems to have
crystallized {rom & wobile and somewlalt high temperature magma, but the
paculiar composition of the soda syenite cannot be readily explained by
Murther differentiation of the camptonite. Several other factors may
have influenced the course of erystallization and final composition;
these are ;jiven below.

1. Contamination of the parent magme by soda~rich rocks.

2. Filier-pressing of residual liquor of a partially
43 fferentiated basaltic magua.

%, Selective migration of Ca, Mz, Fe, and Ti into the
host serpentine during emplacement.
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All ‘these Yactors must be considered in any discussion on the
orijin and compesition of the intrusive rocks. The genesis of the
intrusive rocks bears important relationships to the origin of the
netasomatic cale-sileate and chlorite rocks within the serpentine near
the intrusives. A variation dlsgram of the available anslyses shows
what tue rocks follow o differentiating trend with Ca, My, Fe, and Ti
decreasin; and Na and Al Increasing with little change in K. This would
indlcate that the intrusive material differentlated after arriving at its
point of emplacewent within the serpentine. The lack of inclusions within
the syenite Indicate that little or no contamination has taken place, al-
though this is based on negative evidence. Spectrographic anmalyses on
the amalyzed rocks hag produced some very interesting date. The syeniie
and camptonite contain similar cobalt and nickel values with Ii % Co
(100-500) ppm. YNockolds and Allen (1954) have shoun that in alkalic rocks
during the early stopges of differentlation Ni> Co and as differentiation
proceeds Ii=Co with Nf <Co in the later stages. The Ni-Co relstionship

suonests that those intrusives have arisen frow a partially differentiaved

mafma.  The Wi, Co, and Cr content of these rocks is similar to the valuas
piven by Wockolds and Allen and it would seem that these elements would
hove been enriched had there been serpentine contamination of intrusive
warma.  Zr and Th were not detected in these rocks whereas Hockolds and
Allen consigiently report these elements in alkalic rocks. Barium and
strontium appear in normal quantities within these rocks although the low
value of K has probably controlled, in part, the Fb and Ba content. The

i & ) ing -
cale~silicate bodies near the intrusions generally have matehing trace




119

elements, which suggests that there was a movement of metasomatic
solutions from the intrusives inbo the serpentine. These metasomeiic
bodies show enrichment (Teble 25) in Al, Ca, Fe, and Ti end it would
appear logical to derive these elements from the intrusives since the
late gtages of the intrusive are depleted in these elements. This
mechanism would result in & magme that was enriched in Na, probably

with HgO obtained from the enclosing serpentine.

Metascmatic Roeks

Within the serpentine are a nuber of swall rock bodies i't‘)med by
direct replacement of the serpentine and small veina and zones of meta-
somatism are also found in ‘uﬂe tectonic inclusions. The fluids re-
sponsible for these replacenents are in no wey counnected with the processes
giving rise to the serpenﬁ:ine or sehists; since thaege metasomatic rocks
contain a suite of cale-gilicate and witano-silicate minerals that could
hardly have been prodvced by anything but emanations }fmm an intrusive L
body . -

The metasomatic rocke have been divided into three different types
on the baslic of their mineralogy. (1) Chlorite rocks characterized by
dominant chlorite accompenied by minor amounts of garnet, peroveklte,
and titanium-besring minerels. {2) Cale~silicate rocks characterized
by diopside, idocrase, and chlorite. (3%) Titano-silicates in soda-rich
velns within tectonie inclusions. Bach of these groups will be discussed
separately and the mineralogy end geolopy of each geparate occurrence will

be described.
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The lack of post-mineralizetion deformation is one feature that
these metasomatic rocks have in common. This is lmportant in e region
where mumerous structural movements through Tertiary time have deformed
other rocks within the digtrict. The apparent age of these metasomatic
rocks must be feirly recent (late Tertiary), since they have formed vugy
deposite within rocks that have undergone dynamothermal metamorphism
during Tertlary tine.

Tn the discussion to follow, melanite is used as a synonym for the
vitanian andradite deseribed under mineralogy. The sequence of mineral-
ization given for each described occurrence is based on the obgerved
tesrturel relationships and on obher criteris normally used to establish
a paragenetic sequence. The localities described mey be located on the

geolozic map (P1. T) by using the middle digits of the sample nunber.

Chlorite Rocks

(RGC-TO-51) crops out along the serpentine-Panoche shale contact at
the extreme southesstern edpe of the serpentine mass, vhere it forms an
elongate vein that strikes 8 700 T in sheared serpentine. The vein 1s
four to six Feet wide and abovt 50 feet in length. It is a dense, GOl
pact, dark green rock with anestomos ing v;e:l_ns of light brown garnet, &
variepated texture ond well developed folintion. Clinoechlore is the most
abundent minernl. ‘The veins contain andradite with a brownish to reddish
tint on outer surfaces. The tinting of the garnet 1s asceribed to late
introduction of Ti. Isolated patches of gernet within the alinochlore

groundmasc contain idocrase cores. ampll emounts of megnetite end
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caleite form as late ninerale in open cavities. 8Spheue formed as
a furtuer reaetion with the andradite and was seen o replace it on
woe plus of several crystals. The sequence of mineralizstion is given
below.

Chlorite

Tdocrase

farnet

Sphene
Masznetite

Calecite

(RGC.93.-52) is found in severml small outcrops (up to six feet
lon; apd one or two feebt in width) trending in a north.south direetion.
The conteet with the enclosing serpentine is marked by a distinet color
chanze. The rock in gray o green, and dense, with a erude schistosity
cut by anastomosing velns of light brown gernet. (linochlore iz the
most spundsnt mineral and its preferred ovientatlon produces the cbserved
sehistosity. Associated with chlorite as an early mineral, is a pyroxens
of dicpeide composition, that mokes up abous 4 to 67. of the total rock.
Small erystals of zircon and apatite are present in the chlorite ground-
wass. Andradite velps cut the schistosity and are definitely later than
chlorite and diopside. Small erystals of magnetite have formed on the

open surfaces of the rock., The geguence of mineralization is given below.
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Chlorite
Diopside
Apatite
Zlreon
Garnet
Magnetlte —
(PeC-36-50) crops out as a swall tabular vein striking N 30° B,
ahout 20 feet long, and 4 to 5 feet wide. The vock i1s vugy with a
crvde schistosity parallel to the strike of the veln. The color is
green to grayish-green, enuanced in the vugy areas where perfect crystals
of sarnet and chlorite produce hrilliant reflectlons. The contact of the
chlorite rock with serpentine is gradational showing alteration of ser-
pentine to chlorite alons shear planes. The rock is composed easentially
o warnet and chlorite accompanied by minor emounts of sphene, pyroxene,
and nanetite. Chlorite forms cubedral to subhedral platelets that have
random orientation, and dark olive green color im hand specimen; under
the microscope a strons; pleochroism from green to light yellow is seen.
The optics ere similar to those of delessite (Table 17). OGarnet forms
1ight yollow to olive-green euhedral erystels pertly intergrown with the
ehlorite (PL. XIT, Fig. 4). The cores of the garnet may be hollow or
mottled with a fine-srained mixture of sphene end pyroxene. Optical
determinations are similar to those piven for andradite. A light
brownlsh zone around the periphery of the gernets is due to Ti introduced

during lete stoges of formation. The mineralization seguence is given

helow,




Pyroxens o
Sphene i}
Garneb

Chlorite

Mapmetite

(ROC-5T7-51) foras a cnall bench on a smooth slove of westhered
Tlaky ocerpantine, the largest outerop of whieh is about 40 sguare fest
and 1%t ripes only five Jeet above the gurrounding terrain. Toe ser-
pentineg and chlorite roek are considerably broken wp and altered by
weatherin: procasses obseuwrliyg the coatact hetween the two rocks, bLusb
it is assumed that the ehlorlte rock has Tormed by replacement of the
serpentine. The outerop is very irrepular and the only strucetural trend
choerved was o set of B-¥ joints dipping about 55° to the south., The
rock iz very lrremular and vwry and shows no nroferved cricutation of
the conslituents. The weathered surlface of the rock is rusty brown and
on the fresh suwrloceg the true color is dark olive~green. Chlorite
(pocsibly delessibe), melanite, psrovelilbe, and apatite ore essential
congtituents scconpanied Ly minor amowats of sphene aud magnetite (Pl. XTI,
Fig. 2). The texture iz porous and vugy, and regnetite and perovskite
are the only euhedrnl winerals presont in the cavitics. The early stages
of minerelizaition were richer in iron and weny of the large fan-shaped
agrregntas of ehlorite hive cores of shtilpnouelene that grade lupercepti-
bly inito delespite (Pl. X, Fig. 2). Melanite, the unext wost abundand

wineral, forms irregular patches withlu the rock and does not exert its
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normal tendency to Torm idioblastic crystals. The irregular patches

of melanite are ccmuonly intergrown with sphene and perovskite (PL. X,
Fig. 2). Strons zoning of the melanite is not found at this locality

and it seems that the garnet has formed late from Ti.rieh fluids.
Perovskite is present in two forms, (1) perfect resinous yellow octahedra
and (2) irregular pgrenular aggregetes. Pabst (1951) reported colorless
and dark adamentine spinels from this locality, however, he did not
report perovskite from this locality and it may be that the colorless
spinel he described is the octahedrsl perovskite. Small elongate,
colorless prisme of apatite are common within the grourdmass. Magnetice
forms evhedral octahedra and also irregular patches within the groundmass.
Sphene 8 present within the cores of melanite and has formed in the early
gtages. The mineralization sequence is given below.

Stilpnone lane

Delessite
Maznetite

Apatite —
Sphene

Melanite

Perovslkite

(RGC .8%.51) is one of the larper areas of metasomatic rocks and six
separate outerops cover an area Of about 300 square yards. The individual
bodies are iabular in shape and show moderate contortions parallel to the

ghear planes in the serpentine. The contacts between the chlorite bodies
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end the serpontive g .
SeYpenuire are gradational and arve conformeble with the
s e . "
local structure in the serpentine. The general strike of the bodies

-

is BE-W and their dip 1 most verti :
P is almost vertical. The rock is dark, bluich-
R 40 X 'a Y - s
green with schictoslity and elongete vugy eveas maraliel to the
schistosity, Mepuetite, ilmonite, and perovskiie are common oo 2u-
tedral crystals on : T -
rystals on open fracturez and vugs. This body iz the oniy one

fornd that shows alteration of the carller metasomatic mircrel oo

&

at " M e 09 &
pewblage. The early phase of mineralization produced 2 marne-shio:

ke 3 higr
rock containing little or no titeniun. The garnet ves provsbly asndradite,
but this is difficult to establich sinee there are very few relict mwins
of parnetv. A lote stage of mineralization, rich in COp, altered most of
the parnet to caleibe ond chlorite. Many spots, vhere ugrnei was Iorzerly
present, are now preudcmorphed by a fine mixture of chloriis (delessite),
ealeite, and magnetite; and in other spoitn ihe area cccupled Ty tue

carnet is now vocant (Pl. ¥IT, Fig. 1). The vock is composed of culorite

(rvupfite apd delessite), caleite, magnetite, and ilmenite. The chlorite

the caleite-chlorite replacements. Minor clots of chevkinite (?) were
1dentified Trom the +thin section and these small concentravions are
cheyacterized by pleochroic halos produced in the chlorite. Sodium
fluoride bead teste oun thls mineral show it to coniain waniwm. Fusile
was idenhified from the rock in one small isolated cluster of microscoplc

crystale.
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A series of thin sections across the serpentine-chlorite roek
contact indicates that metasomatism of the serpentine is accomplished
by alteration of antigorite to rumpfite and delessite with little or
no change in the original fabrie of the serpentine, although within
the center of these bodies a coarser crystallization obscures this
original fabric. The large amounts of caleite preduced in the late
gtages of mineralizetion obscure the replacement sequence, however,
it is clear that the serpentine has heen metasomatically replaced by
fluids enriched in calcium, aluninum, iron, and titenium. The inferred
mineralization sequence iz given below.

Chlorite

Andrsdite
Megnetite
Ilmenite

Perovskite .
Caleite

Chevkinite (7)

Rutile

(RGC-T9-51) crops out 200 feet eway from the contact between the

serpentine and Francisean formation. This body is irregulor in shape

end ebout forty feet long and fifteen feet wide. No general structural

trend could be determined, although e crude schistosity within the rock
conforms, in part, with the shear planes in the serpentine. The ser-
pentine-chlorite rock contact is gharp and there is little interfingering.

The surrounding serpentine is antigoritic and shows evidence of strong
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shearing. The replacement rock is dezlse::, and compact with very few

open fractures or vugs (Fl., X, Fig, 3). It is intensely veined with

& yellowish-brown andradite. Ciinochlore makes up most of the rock

and forms a erude schistosity; in vugy srezs beautiful well-developed
erystols of clinochlore are associated with crystals of andredite,
caleite, and magnetite. Small clots of colorless apatite are associated
with the parnet and carly sphene is present as cores within the carnets,
The mineralization seguence is given below.

Clinochlore

Andradite

Sphene

Apatite

Caleite I

Hogmetite e

(RGe~56-51) erops out os 2 smell discontinuous body within a

bold serpentine outerop. This metasomatic zone i1s irregular in shape
and about 40 feet long end 20 feet wide. The host serpentine is e
denge 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 cut
by onsstomoging veinlets containing melanite and perovskite (M. %,
Fig. 1). The chlorite, similar to rumpfite in sompostion, exhibits a
crude schistosity within the metasomatic rock. The veined perovskite

ond melonite are anhedral and show extremely irregular 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 substitubion in the late stages. Apatite
and sphene occur consistently, although eparingly, as early minerals
within the chlorite groundmass. Several small crystals of zircon were
noted. Alony the veins within the metasomatilc rock, there are many
open fractures and vuse that are covered with a beautiful suite of
crystalline materinl. A1l of the individval crystals exhibit almost
perfect crystal Porms, however, none of them are more than one centi-
meler jn their lonpes? dlmension. Melanite is present as splendent
black dodecanedrons producing drusy coatings on the vein walls. Yellow
and metallic black percvskite has crystallized ss cubes and octahedrons.
A chemieal anslysis of the peroveskite is given in Table 1. Red prisms
of %itaniferous idocrase are sparsely distributed on the drusy surfaces.
Yhite diopside has crystallized in delicate bladed crystals and Lorms
small tuited clumps lining the vugy surfaces. This locality is well
known to mineral collectors and hag produced some of the finest mineral
specimens from the district. The mineralizaiion sequence is given helow

and it ie congidered that anhedral vein material formed during the same

period ag the drusy weterial.




Chlorite

Apatite
Sphene
Melanite
Perovskite

Diopside

|

Tltaniferous idocrase

(RGC-42-50) is a small body less than four square feet in size
projecting out of weathered serpentine as a small knob. The relation-
ships between the serpentine and the metasomatic rock are cbscure and
the author is not convinced that this rock is in place. It is coarse-
gredined with a porous, open texture, and the congtituent ninerals assume
no preferred orientation. The rock is nearly bimineralic composed of
black mwelanite and green chlorite (rumpfite) as shown in Pil. X, Fig. k.
Melonite shows a strong tendency to evhedralism with the dodecahedral
form dominant. Zoning in the melanite is distinct and is manifested by
a change in color from light browmish-red to o deep brownish.red. The
analyzed garnet in Teble 5 wes taken from this body. Apatite is present
as & minor constituent and has crysiallized as gmall clear prisms. Minoxr
amounts of magnetite, spueue, and perovekite are also present. The
mineralization cogueace is piven below.

Magnetite

Chlorite

Sphene .
Apatlte —
Melanite

Perovekite
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PIATE ¥. Phoiomicrezraphs of metasomatic rocks.

Fimare 1.

Figure 3.

Pizure &,

tnlorite rock. Croundmass of clinochlore

-and rumpfite ecult by irregulayr veins of

nelanite garnet. Iarger mass to the right
of the field is perovskite. Plain light (40).

Chlorite rock composed of intergrowths of
delessite and stilpnomelane in the light
aress. Subhedral opague grains of magnetite
are associated with semi.opague intergrowths
of melanite zaruet and perovskite, Plain
Light (X 40).

Chlorite rock coumposed of elianochlore, Light
groundmass and irregular, distorted stringers
of andredite garnet. Plain light (X 40).

Talorite rock containing anhedral sraing of
zoned melanite garnet intergrown with colorless
rpfite. Oraque areas are magnetlte. Plain
Light (¥ k0).




PIATE X



151

PLATE T, Cawera lucida drawings of netasomatic rocks.

Figure 1.

Fipure 2.

fele.gilicate rock. Iate calcite vein conitaining
subhedral grains of melanite rimmed by idocrase ‘
acconpanied by anhedral grains of idocrase and
'wormy' rumpfite. (i 40).

Chlorite rock. Central area illustrates delessite-~
atilpnomnelane intergrowths surrounded by melanite
gernet, perovskite, and apatite. {X 60}.
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PIATE XII. Fhotomicrographs of metasomatlc rocks.

Fimure 1.

Fizure 2.

Figure 3.

Figure 4.

Chlorite rock illustrating late stage alter-
ation. Grounduass contains rumpfite and
aphedral magnetite grains. Altered crystal
of andradite replaced by rumpfite, caleile,
and magnetite. Plain light (X &0).

Cale-silicate rock composed of colorless
diopside intergrowan «ith melsnite garnet.
Inte vein of titaniferocus idocrase cutls the
diopside and melanite. Plain light (X 40).

Chlorite rock composed of clinochlore inler-
grovm with andradite. Iate vein of strongly
zoned melanite garnet cuis the rock. Plain
light (X 40).

Chlorite rock composed of delessite intergrown
with andradite garnst, note vugy openings.
Fire-grained intergrowths of sphene and pyroxene
(progw):e dark cores in the garnet. Plain light
X 40).
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Cale~gilicate Rocks

(RGC-37-50) crops out as a smell layered body about five feet
long and three feet thick, tabular in form end dipping 55° S. 57° E.
willh an exposure co poor that the contact relation with the serpentine
in obecured. Further the serpentine is flaky and weathered o a con-
pideroble depth, and digging was not helpful in determining the nature

o

of Uhe coutocih. Iowever, it ic assued thaot this body was forzed by
antasonabism of serpevtine.

The eale-gilicate roclk is banded and has crude schistosity a.mi
Tollotion, with vertlcal fractures normal to the schistosity hewled by
ealeise. Tie licht green bands are composed of chlorite and diomside
and the dorlkor ~reen onag contain idocrase, diopside, and chlorite.

T tiin sectlon, chlorite is almost colorless prochlorite with strong
wraferred orientation that is respoaslble for the schistosity. Dicpeide
i nloo colorless and usually forms rediabting clusters, wiersas cranular
sorrermbes of idocrase cut pre-exisilng structures in the rock. The
soleite ig a late minernl that £ills interstitial spaces within the
ceamlar aseresotes and follovs the plones of schistosity in the chloriic-
rich hands. Sphene ic present as a minor accessory and where it is In

-t nt ey
coniact with chlorite, pleochroic halog ore produced in the latter. sue

{ o ical i L hed in titanium,
1nte caledite velns conoain silicales that have peen ermriched i ta

£ 73 3 adite or the
For instance, melanite is commonly Pound with cores of andradite or ©

melanite may be rimmed by idocrase (Pl. XI, Fig. 1). Small euhedral

e implanted in vugy

prisne of reddish-browm titaniferous idocrase ar
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areas oOf the caleite veins i i
ns. The observed minerslization sequence ig

isiven helow.

T ———
Diopside
e
Idocrase Ti-bearing i

Calcive

Helaultle
sndradite —_—
Sihene o

(ROC.54.50) ts the best exposed metasomatic body within the
diptriet and it was possible to work out some of the details of
mineralization, ithot were obscured at the other metasommiic bodies.
e reologic shebch map shown in Plate II presents the geolozie sizuaiion.
The procls crop out in four individual knobs on the crest of a ridye cou-
poced of flaky weathered serpentine, and since these calc-silicale TOSES
are meh more resistant to erosion than serpentine, they show reuarkably
rood exposures as a result of differential weathering. Both the boilon
and Lop contacts of the cale-silicate body are exposed. Tne body is
sabular in shape with minor contortions that parallel the siructure
within the perpentine, and distinct layered sequence ig made obvious Ly
color chanses. A columnar sectlon through the cale-pilicabe LO%y, oW
in Plate II, wives the detailed relationships. The body marks & stror,
contrast with the dark green serpentine, since it is almosi

upper portion and light green in the lower bands.




The serpentine.cale-silicate contact although gradational is

marked by 'fingera' that replace the sexrpentine along shear planes.
Diopside is the domluant mineral in the '"Pingers ! ond 4 wusy areas
light yellow andredite occurs. The sheared serpentine along the contact

e

ia conponed of entiporite and relict chromite. Diowside directly re-

ploces antigoriic ond where diopside contacts chromite it assvues a
Lighi green colow probably as a vesult of addition of chromiwm o the
pyroxene laitice. Andradite garnet also assimilates chromium and spec-
Lroseaphic aualysls of andradite from this locality shows 1 to 5 Cr.
The contact zone ic abowt six inches wide and within thie zone a gradusl
change fron o dlopside-antigorite rock Lo & diopside-chlorite rock takes

place.  The diopside.chlorite rock extends about one foot dowa from the

top eontact and is characterized by a well developed foliation and
seniotosity. This zone chows gtrong evidence of deformation during mine
eralization, as smll folds, accompanisd hy vertical fractures, have
developod. Tha fractures ave, 1n part, heeled by andradite and nelanite,
and in the Practures, garnet forae beputiful drusy surfoces together with
radioting elngters of bloded prisms of white diopside. o evidence of
post-nineralization movement can be ghown, since these delicate drusy
Practures have been perfectly preserved.

Toe transition from the upper diopside-rich zone to the underlying
cllorite~rich zone ig marked by a sharp color change from white to light
creen. The lover zone is composed dominantly of chlorite {rumptiie)

contalining folia of diopside. This zone exhibits schistosity and
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follation with emell scale folding. Fractures developed within this

zone are healed mostly by melanite which is strongly zoned with the

periphery much darker than the core. The lower serpentine-cale-silicate

contact is similar to the upper contaet with diopeide extending along
the shear plemes in the serpentine. Minor amounts of sphene and
perovokite are preseant in both Zones, with the sphene nroducing
pleochroic halos in the chlorite.

The metasomatic replacement of serpentine at this locality was ac-
companied by deformation and Tracturing, but the later stages of miner-

allzatlon continued beyond the deformtion and healed the fractures.

The Pormption of titaniun-rich melanite in the post-deformation stage
ceems to be the pattern for all the metasomatic bodies investisated. In
order %o galn sone insipht concerning replacement processes, quantitative
chemleal analyscs of the host serpeniive and the calc-silicate from this
locetion were made (Table 25). The enalyzed serpentine was taken one
foot above the contact and o channel gawple across the cale-silicate body,
exelusive of the gradotional contacts, was ansliyzed. The weight parcents
were recaloulated into the standard rock cell following the method of
Barth (1648) in order to determine the actual ion exchange {Table 25).

It can be recdily ascertained that the metesomatism of the serpentine

wag accomplished by solutions enriched in Ca, Fe, Al, and Ti; and a
concomitent removel of Si, Mg, and Hz0. The mineralogical composition
of the other calc-silicate bodies is similar to (RGC-34-50) and it would
seem logical that the solutions responsible for their formation came from

the seme source. The observed mineralization sequence is given below,
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TABLE 25. CALCULATTON OF THE STANDARD ROCK CELL FOR SERPENTT
AID CALC.-SILICATS HELE

ey vt e hsterer oY TRy
e o s T e A i ey e

s .
E«FPS.JJL‘IEEPEMS&%IOHS 1~:T?A}C"SILIC%EIOEB

$10» W1k 35.6 5k .60 33 .;
Als0s 1.35 1.k 10.72 12.0
Fe( 5.57 5.0 S.76 T.7
FeaOn 2.62 1.7 4,52 3.2
Ti0z Ol - 1.90 1.4
MnO 2% 1 27 2
Cal nil . 12,33 12.3
M0 . .03 46.0 18,46 26.0
Ka0 nll .05
Va0 nil . .08 1
HeO4 12.05 3.3 6.88 21.8
HaO- LT6 .39 -
€Oz nil nil
PaOc nil - traces
Ba0 nil - nil

100,13 100.0k

SERPENTINE ALTERS TO CALC-SILICATE
By subiraciing
of M 20.0 ions of Mz
2.5 ions of 8i
25.0 ions of H

By adding
0.1 jons

12.5 lons of Ca

0.1 tous of Mn
1.4 iops of Ti
5.2 ions of Fe

10.6 ions of Al

29,0 catlons

-

7.5 cations

Avalyst - W. H. Herdsman



Chlorite

Diopszide

Carnet Ti-rich
Sthene
Perovakite

(RGC-109-52) 1s a small roughly lentienlar outercn, 14 fest nv 3

ke oy

feet, that has been mutilated by enthusianstic colloetorz. Toz concaos

e cJahe ¥ g

when exposed, s extremely shorp and ie marked br o chonma from ferk

rreen serpentine o an almost chall.vhite chlorite rock. The surrouniing

th

aerpenting chown 1little or no ghearing and ig commosed moctly of
t1le. Thin sechlong cut scrose the contact revazal an almest zencil lize

gharpness ho the netasomatic replacement front in the serventine. The

chrysolbile alters to clinochlore which retains the original sirveture cf

+

the serpentine. Small rosettes of diopside have develored within the

like crystals of diopside. Chlorite and andradite, cormmonly

near the contects, are lacking in the centrsl portions Of the body.

Dionaife has & crude lineetion and is cut by late veins of melarite and

L
3 taniferons jdocrase. Perovshkite and sphene vers not identified Irom
5 N arentin _
thig locality. MNear the contact and jmplanted on the serpentine, are

Ay o ol £ -
perfecl erystels of cubic magnetite. Pabst (1951) was the first o

M ni -3 Tork ine
report this rere ocourrence of cubic magnetite and his K-ray 4

e R ! ag mot Aiffer from a2
dicates that the pattern of the cubic magneti te doas mot Gl om

The observed mineralizaticn

pormsl magnetites of octahedral habit.

sequence is given.
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Chlorite
Diopside
Garnet Ti-rich
Jdoerase
Magnutbite —

(160-92.52) erops out as a lomg narrow vein-like body abous two
feet in vwidbh and sboult fifty feet long that pinches down to one or
two dnches in width. The contact between the serpentine and cale-
gilicate is obecured by flaky serpentine debris, but pieces of float
that contein the contact show it to be gradational. Diopside and
chlorite extend oubt slon: shear planes within the serpentine. Replace-
meat of the scrpenitine by the cale-silicate rock was followed by
frocturing and shearing with subsequent healing of fractures by idocrase
and garnet.

This cale-gillicate rock is dense, heavy with vell developed folication
and Llineation, 1o composed essentially of idocrase, diopside and chlorite
(see PL. XIT, Mg, 2). Diopside forms colorless elongate, bladed crystals
which produce a stiong lineatlon, whereas colorless to green chlorite
ereates discontinuous folie within diopside. Idocrase is 1ight green,

foyming anhedral praing cross-cutting the fobric of the rock. Andradite

f1lls fractures and in vugy arcas produces drusy surface implented with

bladed diopside. The late Procture-711ling gavnets and idocrase are onee

of titenium. The

asain tinted o reddish-brovn, due to late introduction

cboerved mineralizing sequence is presented.
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Chlorite

Diopside

Ldocrase

Lpdeadite Ti-rich

_‘@Epanc—ﬁilicatea aud Sodiwa Silicate Rocks

The Gem mine is the best hnowmn mineral locality within the Hew
Idria distriet and has long been famous as the ouly kuown occurrence
of henitoite and joaquinite. OFf this locality and its minerals,
Louderback (1907, 1909) has given an excelleat description that is much
more complete thun the one presented here, since he had the opportunity
to study this deposit vhile it was being mined for benitoite. AL the
time of this investigation many of the original Jeitures had been obse
cured by slumping, and o dense brush cover precluded a detailed siudy.

A plane table map oF the uroa vas coupleted and the principal rock types
vere plotted (Plate IIL). Surrounded by sheared serpentine, the Gem
mine is sitvated within a tectonic inelusion thal 1ls more resistant than
the inclosing serpentine and accordingly forms a swall ridge which
extends down to ithe headwaters oi the San Benito River.

The tectonic inclusion contains three distluct rock types; (1) a
dense, flne-grained greenstone composed essentislly of pyroxene (near
aegirine-ougite), albite, and chlorite, (2) ssussuritized gabbro, (3)
albite-crossite~epldote schist, The relationships of these rock types
way be seen in Plate IiI, and petrographic description was treated

previously in the section on tectonlic inclusiong.
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The zone of metasomatism is found wholly within the albite-
crossite-epidote schisv. This zone is elongate and consists of many
irrvepgular natrolite veing that parallel the elongation. The surrounding
rock in the mineralized zone has been aliered from the albite-crossite-
epidote schist vo a vugy and porous rock inpregosted with matrolite and
Pibrous crossite (PL. ¥ITI, Mg, 1), Replacenent veins of natrolite
form granuler aggregates that project inward to produce cockscomb drusy
surfaces. The cenbur of chese veins is usually opsn and vugy, although
wany warts are conpletely ©illed with matrolite. Many of the oven vugs
are filled with very Tine halr-like amphibole whose opbics are siniler
©o these of cropsite, and these fibrous needles support small aggregates
of nmatrolite. Isplanted on the cockscosh dyugy surfaces are euhedral
crystals of blue, tabular, pyramids of benitoite (PLl. XIII, Fig. 2)
and brillisnt, black crystals of prissabtic neptunite. Joaguinite is
extoemely rare and always is present as swall, honey-yellow crysials
not moye than 2 mm, in size. OGreenish clote on the surface of the

natrolite are composed of a cove of chaleoeiite surrcunded by an alter-

abtion halc of chrysocella. In this present investigetion, o new mineral

i

A

has been found in small bluish-black fibrous aggregates within small
veins oubting nmatrelite. Preliminery work indicates that this may also
be a titanium wineral, but ivsufficient smierial is at hand to complete
the deserlption.

The mineralized zonse has several nost-devnositional faults asccompa-

unied by shearing, although extensive deformation is not apparent as many

of the delicately implanted drusy surfaces have retained even the most
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Camerae lucida arewings of metasomatic roCkS .

PLATE XITI.

Pigure 1.

JRREPU,

Cras;site-na.troli‘ae rock from the Gen: aine.
(X L"O’) .

Benitoite crystal inplonted in & crossite-
ontrolite rock from the cen 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 minerai-

izing sequence is presented.

Eatrolitg

Amphivole

Denitoite

Heptunite

Joaguinite

Chalecocite

M™n the southeast flank of Santa Rita FPeak is a small tectonic
inelusion (RGC-~81-52) that contains numerous natrolite veins with
mineralogy quite similer to thaet found in the Cem mine. The natrolite
voing are located within an albite-gleucophane~actinolite schist and
follow an elongate trend similar to the Gem mine. XNatrolite forms drusy
surfaces of euhedral prisms and in the more vugy spots, hair-like crossite
is implanted on the natrolite. [Uatrolite impregnation of the host rock
is not as extensive at this loecality, although the metasomatism is sim-
iler to that found at the Gem mine. The only titeniuwm mineral identified
was joaquinite, but it occurs very sparingly. Chalcocite with chrysocolla
nlteration halos is quite common. This is the only other locality in
the didriet which has & mineralization secuence simllar to that found in
the Cem nmine and it would seem that the geologic conditions attendent on

the formation of these rare barium-titanium silicates is indeed umique.
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Origzin of the Metasomatic Rocks

The 1« by i
Peculiar replacement rocks within the serpentine and the te=ctonic
S L
inclueions present a difficult problen in genesis. A search of the

geolopic literature produced fovw descriptions of deposits similsr to

those found in the Wew Tdria district: b if
€ vew Tdria district; therefore genetic iwmplicaticns

5

L

onnlogy are not poasible.

Turaer (1$%3) bas described lime-silicate masses in serpentires
Trom Mew lealand that contain antigorite, chlorite, tale, dionside P
gernct, meguetite, and ldocrase. These rocks, sceording to Turner, have
been Porwed Dy alteration of the owriginal pyroxenite by hydrotherml
procesges which took ploce under condibions of markesd shesring stress.
Grange (1£27) bas deseribed grossulavite-pyrofens rocks--rodlagites of
Marshall (19L1)--from the peridotite belt of Felson, llew Sealand and
{they have been sho’t%n to be dus to garnetization of a gabbreoid rock,

under the influence of 'Concentrated megmatic water' acting probably av

hizh preseures. Tyrrell (1931, p. 29) and Arshinov and Merentov {1930}

carnet.pyroxene, saraet.idocrase, and garnet-chlorite that invade ser-

pentinized harzburgites. They coneider that these cale-silicate recks

are formed by garnetization of micro-diorites and alteraticn of pyro-

xenite schlieren by caleiun-rich solutions liberated in the processes of
serpentinization. .

All of the rocl{s‘ from these different loealities are somewhat similar

to the chlorite and cale~silicate rocks Trom the New Idria district, but

they have been related to alteration of pre-existing rock types within
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the serpentines. The metasomatic rocks from this distriet, exclusive

of the Gem mine material, have no relict minerals or stmctureé that
could be relsted to reconstituted rock types other than the serpentine
itself. Furthermore, the existence of titanium minerals, zircon, apa-
tite, and other minerals unusuval in ultrebasic rocks, indicates that

the fluids responsible for the metesomatism came from a source other
than those processes related to formation of serpentine, Spectrographic
analyses of the gerpentines and metasomstic rocks, to be discussed latexr,
ghow no effinities with each other.

A1l of these metagomatic bodies are clustered around the gyenite-
camptonite intrusions (PL. I) and chemleal study of these intrusives
chows o prozgrassive depletion of Cn, Mz, Feo, and Ti and in the late
stages enrichment in Ma. The calenlation of the standard rock cell
(Table 25) shows that metasomatism of serpentine wes accomplished by
fluids enriched in Ca, Fe, Al, and Ti. From these focts, it would seem
reasomable to effect metascmatisnm of serpentine by f£lulds which had
arigsen from the intrusive during 1ts emplacement.

Abundont evidence of deformation during wetasomafism indicates
tectonie aotivity during mireralization. The intrésions mey well have
been ewnlaced during e tectonic pericd and fluids arising from the nagws
probebly misrated along shear zones selectively replacing the serpentine.

The titano-silicates from the Gen mine pose e specisl problem since

the mineralogy here is quite differen® from that found in the calec-sillcate

and chlorite vocks, However, the high titanium and sodium content plus

the copper mineralization favor the intrusive rocks &s a source of the
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miverslizing fluids. The intrusive shows an extremely strong Na
enrichment during the late stages, accompanied by copper minerslization.
The high barium content in several minerals produces an enigma since
neither the intrusives nor serpentine contain abnormal amounts of varium,
and furthermore, barium minerals were not identified in any of the cale~
silicate or chlorite bodies. ‘Therefore, the intrusive rocks apparvently
did not supply bariw: for benitoite and the other Ba-rich minerals. The
megt likely source of the bariwa is from the host rocks that wake up the
tectoaic inclusion. Barite iz not uncomon in menganese concentratiouns
within the Fronciscan and there is evidence of considerable nengansee
within the Gewm mine incluslon. The most plaunsible theory as to the
origin of the CGen mine minerals is one which proposes a multiple source
Tor the rare eloment assenblage, since this deposit has not resulted from
3 normal type of minerslization.

The auvthor sugsests that the unique deposit at the Gem mine has
resulted from the fortuitous mixing of fluids .yom the intrusive rocks
with bariun-rich zones within the metamorphosed sediments, and this has
resulted in the erystallization of the extremely rarve mineral ascemblage:

venltolte, Joaguinite, and neptunite.
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MTWOR AND TRACE ELEMENT STUDY OF THE ROCKS AND MINERALS

Tntroduction

A comprehensive study of the rocks and minerals involved in the
formation of the metasomwatic rocks within the serpentine by spectro-
graphic methods has been very illuminating and helpful in the general

problem of genesis.

Bach rock type analyzed represented approximately a two pound sample,
This material was ground o pass through an 80-mesh sieve and a representa-
tive split of ten millipgrams was used Tor the analyses. The analyzed
minerals were separated from the same rock specimen used for spectro-
graphic determinstions. OQuantitative chemical analyses have been made on
the same material used for the spectrographic determinmations. Therelore,
in the discussion on the distribution of the elements in rocks and their
constituent minerals, the analyses have bsen on material from the same
specimen eliminating the problem of vaeriations due to poor sampling. The
penl-quantitative spectrographic analyses followed the proceedure of
Waring end Amell (195%).

The vegults of the spechtrographic anslyses are presented in Plate IV,
with the values obtained given in ranzes. All of the elements detected
are reported in the table, but not all of these elements are discussed,
particularly the major elements. The sensitivity for each element is
given at the bottom of the table ond in the extreme left-hand column sasmle
numibers are given. The location of each sample nurber may be determined

by using the middle digits of these nuwbers which are plotted on the

geologic map (Plate I).

Seven serpentine rock samples were taken and six of these from the

immeadiate aree of the metagomatic rocks whereas (RGC-101-52) comes from
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Tha tymel 1 + SR S )
bhie western part of the serpentine. Tie metasomatic rocks and minerals

are divided into the calc-silicate and chlorite types defined earlier.
e 9 3 ) - : . . -

The intrusive rocks were obtgined from the White Creek body ard this
material is a split of that used for the quantitetive chemical analyses.

These analyses were undertaken to determine s if possible, the source

of the metasomatic fluids that formed iLhese curicus bodies witnin the
serpentine and also o establish fundamental data, on the partition of
minor and trace elements in this type of mineralization.

The possible gources for fluide may be enumerated o’ this point in
order to illustrate how the following cbservations £it the possibilities.
Since the syenite.camptonite intrusions ercp out in close proximity Lo
these metagomaiic bodies, fluids produced during the time of exnplaceseni
could have migrated up along the numerous shear zones within the ser-

pentine and metasomatically replaced the serpentine and parts of the

tectonic inclusions, IF this had heprpensd, we misht expect o find minor
and trace elements concentroted within the metasooatic bodies that azre

-

characterigtic of an "allalie' mogme. 2 secoud possible source are fluids
that have formed by the processes that have givenr rise te the serpeniine.
e ultimate source of vhe serpentine was an ultrabasic 'magma' that had
undergone crysiallization and emplacement probebly accompanied by ser-
pentinization. The fluids responsible for the metasomatic bodies may
have been the end product of these processes producing solutions enriched
in Ca, ™, and other elements characteristic of the replacenent rocks.
Arein i1f this were the ultimate source the minor and trace elements within

the bodies should reflect a suite of elements expectable from fultrabasic




myopes’ . The third possibility would be a deep seated intrusive which

was not apparent on the surface, but which may have produced emsnations
that were carried upward into the relatively previous serpentine and
metasomatically replaced the serpentine and portions of the tecionic
inclusions. The minor and trace element suite from such a source ggain
wvould be distinch enoush to eliminate the two previous altermatives.
The followlny discussion is primarily aimed at a possible correlation
between the observed minor and trace element suite with one of the
three possibilitles. IDach element is discussed in turn except vhere two

elements ore similar in their geochewistry.

Boron

Doron showes above average concentratlions in the serpentines. Rankama
and Sabama (1950) cive en average of 51 ppu {parts per willion) for ultra-
basles whereas these serpentines range from 100-500 ppm. The cale-
gilicate and chlorite rocks vary considerably in boroa content buv
genernlly have o high conteut (up te 1000 o) . Tae bovder rock from
the jadeite pods (RGC-105-52) contains almost 1 boron. An extremely
high content (1000-5000 ppn) was found in the ilmenite Irom twhe chlorite
rock (REC-03.51). Idocrase and chlorite from the metacomatic rocks suow
on envichment in B when compared to the other minerals. The camptonite
and syenite chow 10 ppm B which is similar to that given for average
igneous rocks by Goldschmidt (1954, p. 281). Boron was not detected in
the minerals from the Gem mine. The high boron in selected rocks from
this area Iindicales a possible outside souvrce of boron. Goldschmidi

(1954, p. 261) suggests that a high boron content in such rocks as these
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may result, not from s magmatic sowrce > but by contamination from marine
sediments in juxteposition with ‘intrusive' rocks. The Francsican
formation, a marine sediment » is intimately associated with the ser-

reniine and appears to he the logical souree of the abnormal boron

encouniered here.

Vanadiv

The serpentines contain 10-500 pom without a nositive correlavion
bevween Fa, Cr, or ™ as is cormonly found in other rocks. The chlorite
rocks sbov a slightly higher concentration of V (100-5000 ppm), egein with
no positive correlation between Fe, Cr, or Ti. Ilmenite from (RGC-83-51)
contains no V, althoush the rock as a whole has 100-500 ppm V. Tais
follows Rankaos and Sehans (1949, p. 590) where they show that V does
not enrieh in ilmenite but prefers titenian magnetites. The calc-silicrie
rocks show 100-500 ppu V consistently and ian these rocks venadiun is
noticeably emtiched in the chlorite as compared to the garnets, idocrase,
and perovekite. The Vﬁ* apparantly substitutes in the chlorites For Ala"”
in the ocialiedral positlions. The intrusive rocks contelin 100-500 puma V3

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

(alliva

Galliwn was not detected in the serpentine as would be expected since
ralliun 1o camouflaged in aluminum-bearing minerals; <he serpentines all
contein less thon 17 Al, The cale-silicate and chlorite rocks averaged

10-50 ppm Ca. It is interesting to note that Ga is enriched in clinochlore
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from RGC-109-52 vhen compared to idoerase from the same specimen even
though the Al content of the idocrase is several times greater than
that of the clinochlore. The garnets also appear to favor the sub-
gtltution of Ga over idocrase. The intrusive rocks and minerals
averaged 50-100 ppm with the exception of the late Cu-Pb sulfide from
the veins within the syenite. The sulfide shows .l-.5{ Ca showing an
enrichment in Ga duriag the late stages of the syenite intrusion.
Goldschmidt (1954, p. 329) has shovn that sulfides of the 'tetrahedrasl'

group commonly contaln significant amounts of Ga.

Chironiumn
I deindbcititomite
e serpeirtiﬂes with the highest Cr coutent, average 0.1-0.6% Cr,

and it is probably contalned within chromite, for the most part. Siace
all e other rocks analyzed sre replacing, included in, or intrusive
into the serpentine their high Cr content probably reflects contamination.
The ehloriic rocks show 100-1000 ppa with some tendency for the Cr to
concencrabe in the chlorites, aud ilmenite that Les crystallized late in
RiC-03-51 phows extrenely high Cx (0.1-0.5%). The cale-gilicate rocks
have the same ronce in Cr as the chlorite rocks, 1.e., 100-1000 ppa.,
although andradite near the borders of the replacement bodies contains

1.5 Cp. The incrusive rocks contain above normal Cr; camnptonlite 100-

500 ppm ond gyenite 10-50 ppm, iudicating some gerpentine contamination.

Titanium
e m—— M e tp AT
Te serpenitines contain 10-100 ppm Ti which 18 generally low Tor

wltrabasic rocks, Foust and Murata (1955) find an average of 140 ppm Ti




for geven gerpentines and Higezy (1954 s P. 53) on several ultrabasic

rocks shows almost 1) Ti. This low Ti content summarily excludes the
serpentine as a source of the high ™ in the metasomatic rocks within
the serpentine since there is a hundyed-.fold incresse from the ser-
ntine to the wetasomaile rocks. The chlorite rocks are extremely
vortable with respect to Ti; a high of 5 to a low of .05, Tne titanium
i6 concentrated within the minersls perovskite, melanite, and ilmenite
and thepe minerals may make up e lavge part of the rock. The calc-
agtlivate rocks are lower in TL but more consistent than the chlorite
voclis with en average comtent of .l-1i: Ti. In these rocks Ti prefer-
entially cnters parneto, idocrase, and chlorite in that order. The
campionite and syenite contain 100-500 pom which is considerably below
the averase ror lgneous rocks (0.61:}) ; however, within the syenlie
hockevikite convains 1-%. 'Ti. The ultimate source of the Ti in the
e tasomtte rocke is obseured as both the serpentine and intrusive rocks
are below average in T when compared to rocks of a gimilar type; possibly
the lote ntages of the intrusions produced Iluids enriched in Ti sgince
there vere no diserete titanium minerels formed in the early steges of

crymtallizavion.

Niohium
Niohium was not detected in any of the rock splite (sensitivity
.0015) ; however, in the purified mineral separates from the rocks geveral
minerals contained sipnificent amounts of Wh. Perovekite shows 100-500
ppin, melanite 10-50 ppm, and benitoite from the Gem mine 100.50C ppm.

litobinm 1 commonly found in perovskite, although this, so far ag the




152

author knows, is the flvst known occurrence of significant arounts of
Wb in sornet. Benitoite t % s _
5 itoite might be expected to carry b, but nepiuniie

does nov show Ib although it is rich in Ti. It is curious that Ib was

! 1_‘ - I‘.y. LY .‘. . o L - L] o 2 b - s oD »
not detected in the 1lmenite from the chlorite rocks, in viev of the

Tact Goldschmidt (1954, p. 503) reports several percent of b in ilmen

from sranltlc pepaatites. The elose association of b with rochs of tixs

Sad [FreA

lpter ptages of magmatic evelution (granites and syenites) strongly

sugents That the Th found in the minerals from the zoiasomatic roclks

e

han been derived from fluids produced by the syenite lutiasioz.

L o

Tickel and Cohalt

Tn the gerpentine, Co and Ni ghow a constant relationship with
W >Co (Co- .02-.15, Ni- .1-.5%) and following the work of Feust and
Murnte (195%) this relationship ie typical for serpentines derived Iron
vltrobasie rocks of ‘magmatic' origin, or from any lgnecus rock nign IU
M=t oince 112% Pollove Me=' (Weger and Mitchell, 1952). Tue cnlorite
rocks show leps nickel and cobalt with Ni¥Co {Ni- .01-.05") (Co- .02-.03.).
Tn the chlorite rocks Co and Wi show peferential substitution in tha
various minerals. Perovekite contains 10-30 ppm Co, but #i was nos e
tected. Melanite shows Ni>Co by a faetor of ten. The cale-silicale

e a0

rocks hove o verisble relationship with Ni>Co in some bodies and Il

o

in others. The andradites from the calc-silicate rocks contain 100-500
. ST ons sorent in
ppra Mi; and Co wes not detected. Clinochlore shows strong enricmien

11, (1000-5000 ppm) and idocrase consistently has move nickel than Co.

Thie syenite and cemptonite are gimilar in nickel. aund cobalt-contens
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with i Co (.01-.05%). Tockolds and Allen (1954) in their study of
. [ o

zlkalic rocks show Ni Co in the early stages of differentiation with =

trend during y mormatd ™ :
ing the megmatic descent for those elements to become egusl end

in the Iinal stapges Co 1lg greater than 1i. Following this dats, it
might be suid that the Wi-Co ratio in the syenite suggests that it nas
been intruded from o partielly differentiated magma. Turthermore, the

similarity of the Mi-Co ratio in the metasomatic bodies vhen compared to
the Intrusive rocks indicates a closer kinship to the intrusive rocks

thon to the serpentines.

Scandium
Althourh not detected in the serpentines, Faust and Murasta (1$55)
report seandium in 7 out of 9 serpentines enalyszed. Seandium was founi
in both the chlorite and eale-silicate rocks (10-50 ppm) =nd it shows
concontration only within iLlmenite (100-500 ppm). The low-ircn chlorites
did not contaln detectoble amounts of Sc, but the other minersl phases
within the metasomatic bodies show 10-100 ppm Se. Camptonite end

pyonite conbain 10-50 ppm Sc with some concertration noted in the

barkevikite ond apatite.

e o

firconimn may be used in this investigation as a key frace element
to establish, in part, the genesis of the metasomabic rocks. Zr weas not
detocted in the serpentine nor in any of the other rock splits (sensi-
tivity-.0007); however, in the mineral separates from the cale~
sil9cate end ohiorite rocks r was found in ilmenite (50-100 ppm), mel-

anito (100-500 ppm), perovekite (50-100 ppm), and idocrese (100~-5C0 ppm).
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In the intrusive rocks Zr was found in albite (10-100 ppm),
barkevikite (100-500 prm) and apatite (50-100 pprm). Benitoite from
the Gewm mine showe 10-50 ppm Zr. The partitlon of Zr in these rocks
shows a strong genetic relationship between the metesomatic and in-
trugive rocks. Hevesy and Turstlin {1934) give 60 opm Zr as the

average for peridocites, eclogites, end dunites; and Feust and Murate

contaln A0 »om Tr. Therefore it would geem difficult for these zeta-
sormtic rocks within the serpentine to obtain such a high Zr coatent
from other than golutions arising from the intrusive rocks. Elaborate
separation on shout 50 pounds of rock from the syenite were mede in oxder
to concentrate sircon for age determinstion; however, uo zircon as re-
coverced. It is cspumed that the Zr present in the megnma entered other
silicote structures rather Than forming zircon and in nart wmey heve been
renoved by cuanations which led to she Tormation of the meiasomatic

bodies.

Rere Zarths
Fare eartls were not detected 1n any of the serpentines or ser-
pentine minerols and thig agrees with the work of Faust and Murata (1555
vho report no rere earths from 20 spectrographic analyses of serpeubines.
The chlorite rocks chow variable amounts of rare earths with ¥>Yo¥la.
Peravekilie Lfrom these rocks concentrates gignificant amounts of vare

earths with Coldla o YENG »Yb, and melanite from the same rocks Shovs

vela. 'The cale.gilicate rock splits all show rare earths with
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Y=la Yb. Jdocrase from thesze rocks shows a range of rave earth
content with ¥ detected in all specimens and Ce and Ia present in
(RGC-109-52) . Cauptonite econtains Ia as the only detectable rare
earth whereas the syenite chows Y > Yb. Barkevikite from the syenite
containg 10-50 ppm ¥. The apatite From the syenite contains an inter-
esting suite of rarc cerths with Ce>Ia>Ma>Y > Dy >Zr >¥b. Goldschmidt
(1.954%) has chown that rare earths within a magua Ry concenirate within
the apotite and, therefore, the rare corihs Present within the opatite
from the syenive ghould show what rsre earths may have been present in
aapmaiic ememtions avelilable during the emplaocement of the syenite.
The warked similarity between the rare earths in the metasomatic rocks
shen conpared to those present in the apetiie suggest a sirong genetic

kinship.

Bayiwa and Stroutiun

Bariun presents o unigue problem in disbribution within the iew
Tdria dissrict, since bonitoite, a rare barium titano-silicate (35
Ba0), is restricted to the metasomatic rocks of the Gem mire. Barium
is not found as an cssential coustliuent in other metasomatic rocks
within the &lstriet, thercfore, the source of the barium is iaportant
in the genesis of benitoite. The scrpentines contain up to 50 ppa Ba,
and Sr is not present in detectable amounts (sensitivity 10 ppm) .
Faust and Mirats (1955) show barium up to T ppm in ‘magmatic’ ser-
pentines and de not report Sr from theee rocks. The chlorite rocks

contain 10-1000 ppu Ba and Sr with the Ba-Br ratios varieble from one
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rock to the next. In the chlorite rocks Be is concentrated in the
late minerals, viz. ilmenite (1000-5000 ppm) and perovskite (100-
500 ppn) ond Sr is concentrated in melanite (100-500 ppm) and
perovskite (500-1000 ppm). In the cale-silicate rocks, the Sr-Ba
rabio 1o consistent with Sr > Ba except Por (RGC-105-52) whers the
ratio is reversed. Barium shows some tendency to concerniraite in the
ehlorite (10-50 ppi) and sirontium is envicked in idocrase (500-
1000 ppa) . 'The rock with the highest Ba concentration is the border
rock (RGC-105-52) associated with the jodeite pods and here Ba is
1000-5000 ppm. The camptonite and syenite show Sr¥Ba {500-1000 pmm)
amd the separated minerals from these rocks have the sams ratio and
coneersration. Bo exceeds Sr by a factor of 1000 in benitoite an
pephunlce. The intyusive rocks are extrensly lov in barium when coll-
pared Lo siallar roclk types; Lowover, +his is to be expeeied, since
shese rocis are axtrvemely lov in potagsium; and Ba in igueous rocks is
to o lowrpe oxtent camouslogeéd in potassiume-bearing minerels. Tae

ted o

B

5]

&
18]
b!

wltimate source of the barium in the CGom mine seems TO |
the hoolt roek as boih the serpentine and intrusive rocks ave sxtremely
low in Ba. The baviwr ninerals are restricted to metasomatic zones
within the tectonic inclusions. As proposed earlier, the bariu nas

E . Iy Au s * .} o - a3 el e B Ty A v =g
provably boen acsimilated from Ba-vich zZoues within the meiteucrPhRoset

gediments present in the teetonie inclusion.

54lver
P asinannd

gilver wag detected in many of she rocks and miperals as e sen-

gitlvity of thils element by spectrographlc methods is extreuely high

¢
i
{
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(0.1 ppm). Az 1s present in all of the serpentines (0.1-10 npu);
however, Taust and Muorata (1955) have not reported silver in such an
environient. The chlorite and cale-silicate rocks contain 0.1-10 pom
with gome tendency for the Ay to concentrate in the chlorites. Tae
camptonite and syenite contain 1-10 ppn somewhat above Goldschmigi's
(1o8h) average for igneous rocks (0.02 mom). The late Cu-T% sulfide
within veias cutting the syenite contains significent auounis of Ag

-

(5001000 pom) .

Lead

Ph was dotected in two serpentines (RGC-25-50) and.(ReC-101-50),
yut 1t was not detected in the chlorite rocks, although melanite from
these rocks has 100-500 ppm and perovskite shows 10-50 ppm. Taves
out of Mive czle-gilicate roeks shov 10-50 ppm Pb witk prochlorite
containing 500-1000 ppa and andradite 10-30 pea. The canptonite snd
pyenive contein 10-20 ppm with a rorhed concentration in the barkevis
Lite (100-500 ppm) .

Coppey

Copper was debected in every rock and mineral anslysed and this
affoidls o good opporiunity to exemine +he behavior of Cu in relation-
ship o cubstitution or camouflage in silicate minerals within a small
srovince. The serpentines show @ rather high background in Cu and
congichontly contain 10-100 ppm. The chloriie rocks have the sane ranie
ac the serpentines (10-100 ppm) and the minerals from these rocks show

the following partition of Cu: chlorite (50-100 pp), melanite (100-

Tue calc-

. - e
50O pon) , veroveklte (5-50 ppn) and ilmenite {50-10C pra) .
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sillcate rocks show 10-500 ppm and the minersls therein show the
following partition of Cu: chlorite (10-50 ppm), andradite (10-50
ppm), and idocrase {(1-100 ppm). The camptonite and syenite show a
very high Cu content (100-1000 ppm) and albite and varkevikiite therein
show 10-50 ppm Cu. The late sulfide in the syenite is mostly chal-
cocite (CupS) and there seems to be an enrichment of copper in the late
stages of the intrasive rocks. In general, the district has a fairly
high background in Cu and the source for Cu in the metasomatic bodies

nmay bhe mulitiple.

Othexr Elements

™n is shsent in the serpentine and is below the sensitivity in
mogt of the metasomatic rocks, however, tin was detected in the ilmenite
(50-100 ppm) and in idocrase (100-500 ppm) from the metascmatic rocks.
(RGC-36-50) a chlorite rock loeated fairly close to the small campsonite
'plug! shows 50-100 ppm Sn. The camptonite shows 10-50 po: Sn waile
the syenite contains no detectable amounts. Here again, there seems to
be stronz kinshlp between the intrusive rocks and the metasomatvic todies.

Molybdenum was not detected in the serpentines; hovever, it vas
found to be present very sporadically in the other rocks and minerals.
Mo ie present in the chlorlte rock (RaC-36-50) (10-50 ppm), prochlorite
from (RGS-37-50) (10-50 ppm) , endradite from (rRaC-3u-30) (10-30 PR) ,
cale-pilicate (RGC-109-52) (10-50 ppa) , and significantly in barkevikite

from the syenite (10-50 ppm).
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The late Cu~-Pb sulfide from veins within the syenite contains
significant omounts of wmetals; 500-1000 ppa H3z, 10-50 ppm Au, 100-500
pora €4, 1-5 Fn and 1000-5000 ppm Bi. The presence of mercury in this
sulfide concentration is siguificant, cince the lew Idria distriect
contains many msercury deposits and it may be that these intrusives

produced these fluids responsible for the cinngbar deposits.

Sunmary

The minor and trace element content of the serpentine is similar
to those serpentines studied by Foust and Murate (1955) and known to
heve Tormed from ultrabesic rocks of megmetic origin. There is uo
evidence that the peculiar suite of elements Tound in the metasonniic
rocks originated from processes which have given rige to the serpentine.
The nickel, cobalt, and chromium present within the metasomatic rocks
and intrusives may well heve been introduced by contamination from the
serpentine. DBoron and barium seem to have been introduced from the
sedinents in juxtaposition or incorporated within the serpentine. The
striking similarity between the trace elements from the nelagcmatic
rocks ag compared to those from intrusive rocks indicates & very shrong
consanuineous relationship. The indicatcr elements within the meta-
comntic rocks thet point to the lmtrusive rocks 88 their only apparent
gource ave Nb, Zr, rare earths, Sn ond Mo. Had the metasowntic rocks
formed directly from the serpentlne without imtroduction of nrierial,
1t 1s quite improbable that the indicator elements listed could have

been mobilized from the serpentine, even though large volumes of rock
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were involved. There is no indiecation that a deep-seated igneous
mass has contributed to the formation of these rocks, unless the
exceptionally hirh boron content is construed as cominyg from a
franitic magma.

The sparse data from the Jadeite facies indicates that these
rocks are a separate and distinet period of mineralization and may
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.

Tt is concluded from this study of the minor and trace elements,
that the peculiar metasomatic bodies within the serpentine have been
produced by emanations arising from the emplacement of the syenite

and camptonite.
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