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ABSTRACT

The survey of the geology and ore deposits of
the Derwin kLills presents two major problems. %The first
is the origin of the stratified silicate aureole about
the Darwin stock. Such silication may be accomplished
by pure thermal metamorphism or by additive processes.
¥ield relations, supported by petrographie and chemicsl
evidence, indicate that metasomatism played the dominant
role. Considerable silica and other materials were in-
troduced into the limestones by the magmatic emanations.

The second ma jor problem involves the origin
and classification of the ore deposits. The deposition
of all the ore bodies took place at a distinctly later
time thaet the development of the silicate aureole, 4
periocc of tectonic fracturing in which most of the fis-
sures of the district were developed intervened between
the early silication period and the later metallization
period. Three structursasl controls, igneous contacts,
bedding plasnes, and fractures, dominated the location
of the deposits. Genetiecally all three structural
types are the same.

The ore mineralization is not of the high
temperature type and hence is not pyrometasomatic as
classed by Enopf. DBecause of certsin structural snd
textural festures and the presence of such gangue
minerals ss fluorite and barite, the deposits are

classed as upper mesothermal.

vii



GEOLOGY AND ORE DEPOSITS
OF THE
DARWIN SILVER-LFAD MINING DISTRICT

Inyo County, California

IRTRODUCTION
LOCATION

The Darwir district is located within the
c¢esert basin and range province of eastern (zlifornis
about 20 miles ecast of Owens lLake (Plate 1). Darwin
is 230 miles from los iAngeles snd 24 miles from Keeler,
the branch terminus of the Southern Pacific reilroad.
the Death Vaelley highway wnich passes through Larwin
has been steadily improved since the establishment of
the Death Valley Xztional Monument in 13933. Hastward
from Lsrwin for many miles the road follows the wash
which drains a large upland area subject to summer
cloudbursts. - Lecsuse of the repeated destruction of
the section of the highway in the wash & new road has
been proposed and surveyed which will pass six or
eight miles to the north of Parwin.

The sres described herein as the Darwin
silver-lesd district is coextensive with the Darwin
Hills which in turn fall within the legal confines of
the Lew Coso mining distriet. 7he town of Darwin

lies at an altitude of 4750 feet slong the western

!-.J
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edge of the Derwin Hills. The populetion of Uarwin
and¢ the adjacent camps in 1937 was sbout three or

four hundred,

BISTORY

The Carwin deposits were discovered in the
early seventies and the district flourished during
the first two decades largely from the rich surface
ores., Etefore 1880 several smelters had been built
near larwin with cspacities from 20 to 100 tons. In
1675 water was piped down from the Coso Mountalns, &
distance of eight miles. During those early days
Darwin is said to hsve spread eight blocks in either
direction and to hsve had a povulation of T000.

Unly the slag dumps mark the former presence
of the smeiters. Due to poor transportstion facilities
and exhaustion of the rich near sufface ores the dis-
trict lay dormant or only sporadically active until
the %orld Wwar gave impetus to mining. About that time
many of the larger properties were consolidated and
development begsn anew with modern methods snd eguip-
ment. In tihe early twenties s new camp and mill were
erected and sdditional water was obtained from the
Larwin wash. although shut down during the depression,
nlans for reopening were formulated in 1936 and mining
bepgan again early in 1937. The district is estimated

to have produaced about 5,000,000 in lead, silver and



zinc. &about half of this was gained before 1900.

PHYSIOGRAPHY

The varwin Hills lie near the center of s
large mountsain block or broken arch some J“C miles in
width trendirng in & north-northwesterly direction in
common with other rasnges in this region. ilore often
this large horst is considered in three smaller and
separate physiographic units, namely, the Inyo Range,
Cosc Range, and argus Range. Fowever, the Larwin
region is a2 sepsrate unit or central platesu above
which these 2d jacent ranges have been elevated by
faults (Plate 11)j. On the Darwin Plateau is still
weil preserved the general character of the oldland
surface which existed prior to the bassin and range
faulting of wusternary time.

The Darwin Lills rise only slightly above
the general level of the Flatezmu and trend in s
northwesterly direction. The hills proper are six
miles in length and rise from 500 to 10CO feet above
the brosd Darwin w:osh which borders the hills on the
west, south, snd east. One 1ls first impressed with
the idea that the smaller physiographic features on
the platesu such s¢ the Darwin Hills sre erosionsl
remnants on the oldland surface. However, obscure

structural evidence in the form of remnants of dis-
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Plate I1I

View across the Darwin Plateau from the east cver
Papamint Valley. Hote (1) the north end of the
verwin Eills, (%) the north ené of the Coso Range,
(3} the Sierra lLievads, (4) Owens lLake, (5) the
south end of the Inyo Range, and (6) Darwin wWash.
in the foreground is the north end of the argus
Hange.

Forth end of the argus Fange and Darwin Wash from
over ranerint Valley. Note (1, the sauth end of
the Uarwin Hills, (2) the Coso Mountazins, (3) the
Sierrs hevada. Tihe lava sheets capping the irgus
Range on the left are eguivalent to those in Dar-
win %esh at the right.






Plate IV

lNorthwest scross the Darwin Platesu as seen Trom
the west flank of the Darwin Hills with the
Sierra Levads in the distance.

The Argus Ranrnge as seen from near the Defiance
Wine looking southeast slong the axis of the Dar-
win Hills.

The lavea-capped steps of the north end of the
Argus Range as seen Irom the Darwin Bills. Darwin
Wash in the foreground and the snow covered Fsna-
mint Hange in the distsance.






Plate V
The west front of the Derwin Hills near the road
to the Lucky Jim Csmp. Kote the displaced rem-
nants {(¢) of early wusternary lava sheets.
Ophir reak in the lerwin Hills from the southwest.

The west front of the Darwin Hills nesar Derwin (1)
and the farwin Lead Company's Camp (2;.






placed lavs sheets indicates that even the Darwin
Hills are & small fault block on the platesu sur-
face. (See Plate 1IV-i. )

Erosion of the Uarwin liills has resched
the stage of laste youth or early maturity since
their elevation in (usternary. Throughout most of
this period the erosional base of the hills has
been the surface of the plateau itself. Very recently
hgadward erosion in the Larwin Canyon and Wash has
cut into this o0ld base east of the hills and is at
present eifecting their rejuvenation in preparation

for a second dissection (P late III-Bj.

" CLIMATE

The climate at Darwin is similar to that of
the basin and range province in general. Scent rain-
fsll, low humidity, end continued moderate shifting
winds are the churacteristic clirmatic elements. On
the whole the climate st larwin 1s perhaps somewhat
more eguable than in the adjacent areass. In the
wintef the temperature is apt to be very little lower
than that of the Owens Valley to the west where cold
air masses settle from the snow coversd Gierra Nevads
end Inyo Range. DLuring the summers the temperatures
are correspondingly cooler than in the adjacent desert

basins. The summer temperaiure rarely exceeds 105~ F.
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The average rainfsll at Keeler, the nesrest ststion
for which records hsve been kept, is only slightly
over three inches. 4lthough the rainfall is un-
doubtedly grester at Darwin it probsbly does not
exceed an aversze of four or five inches. Most of
this comes during the winter months. Scattered rain-
fall in the form of thunder showers are common during
the months of July and sugust, but much cf this runs

torrentially into the adjscent basins.

WATER SUPRPLY

Ko water for domestic or mining purocoses is
avallable in the Darwin iills. The deepest mines in
the district, the Lucky Jim and the lane, are dry on
their lowest lé&els #hich are 1000 and 80C feet res-
pectively. 7The lowecst level in the lLane iXins is
lower than the bottom of the Larwin %ash two miles
down the alluvial slope to the east where sbundant
water 1s avalileble. The dryness of the Lane Mine
thus indicates the influent nsture of the Darwin Wash.

& gravity water supply for mining sand domes-
tic purposes was developed as early as 1870 by san
eight-mile pipe line from a spring in the Coso Moun-
tains. This sol¢ at the rate of a holf cent & gallon
for mining purposes and a cent = gallon for domestice

purposes. water for subseguent mining and milling
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operations was obtained from a shzllow well near the
head ol Dasrwin Canyon where the large underground
water supply from the 160 square miles of watershed
on the Darwin FPlateasu is forced near the surface.
The wster is pumped through a four inch pipe line
with a 1ift of 8l0 feet in three miles to the mill
and 1800 feet in four miles 1o the mine snd camp.
The Keystone Darwin Limited plans to pump water to
their camp from a new well in the wash near that of
the Lsrwin Lead Company. asbundant water should be
aveilable in the wash upstream from these wells but
at grester depths. in 1937 the domestic supply for
the town still came {rom the spring in the Coso Noun-

tains at a cost of one cent a gallon.
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PAST «CRK

Iror time to time since the discovery of the
district in 1874 the reports of the State lMineralogist
have contained brief descriptions of the mines and
geology. These have ususlly been dats reports on the
existent mining operations, eguipment, and production
with notes on tie local geoclogy. The only strictly
geological report was written by adolf “nopf as the
result of & five day examinastion of the district fol~-
lowing his work in the Inyo Hange in 1313.

#8 in the present report, ¥nopf's observa-

tions were confined almost exclusively to the Darwin
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HEills. ¥nopf determined the asge of the limestones
as Pennsylvanrnisn, summarized the general geology, and
from study and description of the individual mines
and prospects he deduced & genetic relstionship be-
tween the pyrometssomatic depnosits and the fissure
veins of the district. In addition he briefly des-
cribed the general chsrscter and comnosition of the

intrusive rocks and the sssoclisted tactites.

SC0FE OF PPpoiRNT &ORK

The present repcort is the outgrowth of
nearly three months field work during the sumrers of
193% and 1936 in which time & topographic and geo-
logic map of the Darwin Hills was msde on the scale
of 10CC feet to the ineh. 1In addition, geologic re-
conngissance mepping wes extended over much of the
barwin rlateau snd small portions of the argus and
Coso Renges with the view of obtaining a broader
geologic background Jor the detailed work in the
Carwin [ills. Detsiled geologic maps were made of
the Lefiance-Independence mine group on the scale of
200 feet to the inch.

During the present work the following were
emphasized: (1) the character of the silicate zone
about the intrusive, (2 the origin of the zone, (3}
the form of the intrusive, (4) the structural pattern

of the Tissure system, and (o) the geologic occurrence
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of the ore bodies. The wide silicate zone stout the
intrusive originated under the influence of magmatic
emanations which thoroughly penetrs=ted the surround-
ing impure limestones. A4Although the composition of
the original beds wes in many places the controlling
fsetor in the resulting mineralogic meke-up of the
zone, concrete evidence is present for the introdue-
tion of large qusntities of new materisls, princi-
pally silica. The deposits are classed ss meso-
thermal in contrast to the pyrometasomatic grouping
given by Knopf. The period of metsllization is
sharply set off in time from the silication process
by consclidation of the magma z2nd by post-intrusive

fracturing.
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The field work and compilation of this re~
port were completed while attending the Czlifornis
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Tield and in the prepasration of the thesis. The
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Larwin many of the residents helped with information
about the history of the camp, locations and names
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manager, and Sam Lsvis, assistant manager of the Dar-
win Lead Company, L. L. Skinner, owner of the Christ~
mas Gift Mine; A. Yoder, menager and superintendent
of the Xeystone Dsrwin Limited; Theo Peterson, owner
of the Larwin Gasrage; and ilex Rouna, owner of the

Standard and Fairbanks iines.



CENERAL GEOLOGY
GENERALL GROLOGIC SETTIRG

Two contrasting rock tynes underlie the
Dsrwin ?1atéau (Plate 11I). The southwestern portion,
generally south and west of the road from bsrwin to
Keeler, is underlain by grarcdloritic rock closely
comparable in texture, composition, and structure to
the intermediate rock of the Sierra Nevada batholith.
Ocecasional patches of older rocks are present as for
example on Centennial Flzts where large deposits of
iron ore occur in a remnant of schist and martble.
Cormonly the granodiorite of this region is cut by
basic dikes which often display marked persistency
for considersbvle distanees. The widespread grano-
dioritic body of the srea is referred to in this re-
port as the Cosc batholith.

The northeasterly psrt of the platesu is
underlain chiefly by fclded upper Paleozolc rocks
similar to those in the Darwin Hills and in the north
end of the Argus Range. Ksopfl has described these
rocks in the south end of the Inyo Renge where they
form folds of Hesczolce sge. In the Inyo Range south-
east of Keeler these folds afe covered by extensive

leve sheets, but they emerge again slong the strike

1. Knopf, A., UsS.C.3s Prof. Paper 110, pp. 37-4&.
1918.

17
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to the southeast on the Darwin Platesu. There, they
are psrtislly cut off and offset in thelr distribu-
tion sround the Coso batholith. The same system of
folds passes through the Darwin Hills and thence
southeastward, by step-faulting up, into the Argus
Range. {See Plate IV-C. )

Here and there the Paleozoic rocks are
pierced by smsll intrusives which may well be off-
shoots from the Coso batholith. Knopf1 Gescribed
such intrusives ss common in the Inyo Range. In the
generel Uarwin region such are exemplified by the
guartz diorite stock of the Lsrwin Hills, the small
granitic intrusion nesr the Lee iine, the gabbroiec
stock at Darwin Falls, the monzonite plug at the
north end of the Argus Rasrge, snd several smaller in-
trusives southwerd in the same range. Hortheast of
Darwin the truncated Psleozoic beds asre extensively
capped by bassltic flows which form & large part of
the platesau surface and may concesl the presence of

other intrusive stocks (Plate III-4}.

SEDIMENTARY ROCKS

Pennsylvanian Series

4 series ol Zennsylvanian strata consisting

largely of pure and impure limestones intercalated

-

1. Fropf, 4., Op. cit.
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with some Quartzite and shale constitute the oldest
rocks of the hills. Fossil ccréls, crinoids, fus-
ulinse, bryozos, and cccasional ammonites occur in
these beds. The state of preservation of the fos-
sils is usually rather poor and exact determinations
are therefore difficult., 0On the basis of determina-
tions made by GCeorge H. Girty, Knopfl ealled the
formation Pennsylvanian, The strata dip westerly
across most of the width of the hills and therefore,
excluding complete overturning for which there is no
evidence, the younger beds crop out on the west
flanks of the bills. The oldest beds or the lowest
in the exposed series crop out on the east side of
the hills end locally they sre considerably folded.
The lower strata east of the stock snd on the east
side of the hills are generally drab and uniform gray
or brown with few distinct horizons or marker beds.
The younger strata, on the other hand, which ecrop out
on the western slopes of the Derwin Hills consist of
and are marked by prominent, contrasting light and
dsrk colored members as shown in Plste IV-4i. The
beds along the western half of the hills genersally

dip steeply west and aggregate sbout 2500 feet in

1. Xnopf, 4., Darwin Silver-Lead iining District.
{;QSQG;E—-" .!3'\111. 5(‘30&, p. 5- 1918.



thicknesz. The contrasting nature of the membsrs of
a portion of this series is shown by the following
section from the sill beneath the east escarmment of
Ophir Peak to the western edge of the hills:
(1) =000 feet of pure, massive, white lirestonss

) S=400 feet of dark-gray to black lirmestones
4-5G0 feet of white anc grayish wihite limestones

; E=300 feet ot thin-bedded, darke-gray, impure
liresione

Py s
#r (8PS
Wi o Mgt B

&lluvium overlsps the youngest strsitz at the base of
the hills anc the Coso grsnodiorite probably intrudes
the limestones a short distance beneath the slluvial
cover, The members of the atove series sppeszr to
finger and sedge out southward towsre the larwin lsad
Company's camp where they ars further confused and
their identity obliterated by local folding sand sili-
estiorn. an isolated patch of folded, pure white
iimestone probably eguivmlent to the third member
above occurs at the entraznce of the Radlore tunnel.

# section scross the southern end of the
hills shows ap spparently inclined series dipping
40-60° west. The thickness of this section, aslthough
peither the top nor the bottom of the series is
exposed, spproximates 5000 feet. 4t the top of
this section is s prominent member of daPk-gray im-
pure limestone which marks the bold front of the

hills southward from the town of Iarsin. %o the north
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Plate VII

The Lucky Jim Camp in the north end of the Darwin
Hills. Kote the slightly tilted lsva caps which
cover the northeast portion of the Eills.

The irregulaer configuration of the west contact of
the stock near the Indeperndence line (1). Tactite
at the left and gquartz diorite of the stock at the
right. Iguipment at the Thompson Mine can be seen
at the lower right.

Ophir Peak from the east. cark quartz diorite of
the siock in the foreground and stratified tuctite
and limestone in the distsnce. Xote the gossanized
veins (v) cropping out in the guartz diorite and
tactite.






near Darwin the charscler of this member is oblit-
erated by blezching and silication; to the south it
is partizlly cut out by 2 lobe of the Coso batholith.
In the center of the hills slong this east-west =ec-
tion siliestion has sgaln obliterated the original
nature of the sedimentary msterial, but slong the
southesstern tip of the hills &t the strstigraphic
bottom of the section s dark-grsy tc black limestone
member ¢~700 feet in thickness mskes up the oldest
Pennsylvanisn rocks in the Derwin Hills. This member
cccurs just esst of the Columbis Hire where 1t forms
bold e¢liffs 2-200 feet high facing the Darwin ¥%Wash.

The east slope of the Larwin Hills consists
ef closely folded, thin bedded limestone strata in
which conspicuous lithologic members are zbsent ex-
cept as noted atove. The beds in genersl are drabd
brown and gray c¢olor. Ko white limestone strata oc-
cur znd only occasional relatively thin, blue-gray
limestone beds are present.

The blue-gray limestone which makes up so
much of the Pennsylvanian rocks throughout the hills
is comronly spotted in texture. 1In msny instances
this is due to fusulinsl and erinoidal remains which,
because of their differsntial coloring and sclubility,

cause a spotted texture. s similar spotty texture is



B3

also due to small lenses and nodules of chert in the
limestone. |

The lithology in the north end of the Dar-
win Hills rorth of the large eust-west fracture here
referred to as the Lsrwin tear fault {Plate XI-L) is
noticeatly different. iisgenta, 1avender,‘and brown,
thin-bedded shsles are common. « massive guartzite
bed 3C-40 feet in thickness erops out as a prominent
ridge sbout 1300 feet north of the Lucky Jim mine.
An even more striking feature of these beds is the
increased spottiness of the limestones. although some
of this texture is biogenic, much of it is fragmental
and undoubdbtedly many of the beds sre depositionsl
limestone breccias. ko age determination wss made of
those beds north of the fault, but {rom the structure
and direction of displacement slong the fault they
are most likely older than the beds south of the fault.

In connection with studies of the silicstion
process s chemicsl analysis of a sample of typiesl
blue-gray limestone from the ridge above the Thompson
mine wes made snd this showed a content in CalUz con-
sidersbly higher than the sversge for limestones of
Carboniferous age%. The table below shows the com~

parison of the Lsrwin limestone with Twenhofel’'s

1. Twenhofel, Treatise on ._edimentation,
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analyses of Cerboniferous and Cretaceous limestones.

Ratio Ratio
Limestones CaCl, : Mgllx Ca : Hig
Carvoniferous Bs& ¢ 1 12.4 : 1
Larwin 22,8 : 1 3l.dH : 1

Cretaceous 4G0.2 : 1 6.3 5 1

Richard %sllace of Larwin réports analyses of the
white limestone on the west slope of the hills which
show & content in Ca603 of 96 per cent. The high
ratio of calcium to msgnesium in the Darwin limestone
suggests thst dolomitization has been relstively un-
imnortant in the Pennsylvanian rocks.

Pleistocene lske Feds

About 50 feet of nearly ﬁorizontal, white
lake beds have been exposed by recent dissection in
the wash eest of the Darwin Hills. The materisl of
the beds is fine-textured and thick-bedded and probably
originsted in part st least from voleanic ash., The
beds are c¢apped by recent slluvium; their base is un-~
exposed. In the Coso Hountains J. R. $cﬁultzl has
found similar beds of early Pleistocene or late Plio-
cene asge overlying older grazvels and in turn espped
by bassltic lavas which are probably age ejuivalents

of the lava sheets at Darwin. &t Dsrwin, however,

] ™ i .

1. Sehultz, J. Ry 1544 Cenozoic Vertebrate Fauna
from the Coso Mountains. Carnegie Inst. ¥ash,
Pub. Fo. 487,



the age relationship between the lake beds and the
lava sheets 1s reversed. The lake beds in the Darwin
fiash are not capped by lava. Furthermore, about 700
feet east of the lake beds in the wash, on a snmsll
tilted fault block at the base of the argus Range,
basslt directly overlies Paleoczoic beds with lske
beds s=bsent. FIrom this relationship it sppears that
the lake beds are not only younger then the basalitic
lavas, but alsoc that they are younger than the fault-
ing which dislocated the basalt. ulthough beyond
the scope of this report, the evidence suggests that
the lowermcst step fault in the Argus Range weas at
one time the obstruction to the drsinage of the wash
which created the lske in which the white beds accu-
mulated. These lake beds, then, are distinctly
younger than those described by Sehultz in the north
end of the Coso Mountains., If those in the Coso
Mountsins are ecarly Pleistocene, then the Darwin lske
beds may be middle or even late Fleistocene in age.
No fossils have been found, Headward erosion in the
Derwin canyon has subsejuently dissected the lake
beds by cutting through the outlet of the lake.

Becent alluvium

The alluvisl deposits of the broad waeshes

and fans surrounding the Darwin Hills are of two types,



older dissected gravels and recent gravels. The
younger gravels are in part derived from the older

and in places they grede into each other. These two
types do not result from diastrophic rejuvenation,

but rather from the down-cutting of the outlet to the
Darwin lake which was the former temporary base level
for the erosion sround the Darwin Hills. The dissected
gravel where overlying the exposed lake beds is usually
not more than 1C tc 20 feet in thickness. Upstream
from the exposed lske beds and especially in the wash
south of the Darwin Hills the gravels sre much thicker
and arroyos as much as 50-75 feet in depthihave been
carved. UDissection of the gravels on the west side of
the hills is very slight compared to that on the esst
by reason of the bench of hard rock through which the
stream flows at the south tip of the Darwin Eills.

at this point & dry falls exists which is 50-6C feet

in height. Adjecent to the limestone hillis not only
the slluvium but alsc the lake beds sre well cemented

by calcium carbonsate.

IGKEOUS ROCKS

Coso Grancdiorite

The Coso granodiorite is batholithic in ex-
tent and underlies most of the platesu south and west

o the Darwin Hills. & small area of this rock crops



-2

out in the southwest edge of the hills where it forms
low rounded hills in contrast with the sharper relief
of the limestones., 4along the road to the Promentory
mine it c¢an be seen in intrusive contsct with dark-
gray limestones. a»lthough thin sections from the
rock of this area indicate it to be granite, the de-
signation granodiorite is retained because it more
nesrly proximates the aversage composition of the
batholithic mstérial throughout the plateau . XMegs-
scopleally it is & coar§e~grained, light-colored,
granitoid rock in which the prineipzl minersls are
quartz, feldspar, and green hornblende. Under the
microscope most of the feldspsr proves to be ortho-
clase or mierocline. ©DBiotite is cormon and such ac-
cesory and secondary minersls ss sphene, apatite,
chlorite, and epidote may be present. & few dark-
green kersantite dikes cut the granite in the Darwin
Hills.

Darwin suartz Diorite

Genersl Festures.

The formation name, Darwin Quartz diorite,
is here spplied to the elongated stock which occupies
the center of the Larwin Hills. »11 metallization is
associated with this intrusive., %The stock is about
3500 feet in its greztest width which is just north-

east of Darwin (Plate VIij. Tc the north and south it
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narrows and terminastes in smaller isolated stocks,
dikes, and sills. It ends entirely within the hills
and its total length is about five miles.

The drab brown color of the intrusive
casuses it to stsnd out nearly everywhere in strong
contrast to the surrounding white silicate zone
(Plaste Vii-i&). The greater ease with which the in-
trusive weathers has csused it to form a lower in-
terior belt of subdued topogrzphy surrounded by
boldly outeropping stratified rocks {Plate yI-a).
Lue to variastions in composition snd texture, the
igneous mass itselfl westlisrs and erodes differen-
tially. Thus, near the Defiance mine are seversl
small knobs and ridges of guartz diorite standing out

in otherwise subdued relief.

Composition and Variations

The stock s 8 whole displays considerable
heterogeneity of composition, but for the most part
these variations sre only phsses of the one intrusive.
In nearly all of its phases the rock is mediur grained
and non-pornhyritic., It is typicslly = light colored,
white or light-gray rock when fresh. Pinkiéh and
greenish~gray types are also common. In general,
varistions in the intrusive range from guartz monzo-

nite to diorite or gabbro. Nearly sll of the pheses
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are of the oversaturated type in which guartz is
always present in essentisl guantities. In the tynres
from quartz monzonite to Quartz diorite the principsal
variation comes, then, in the relative proportion of
orthoclase and plagioclase. In the gqusrtz diorite or
even the granociorite the euhedrslism of the plagio-
clase 1is the striking textural festure under the mi-
croscope. with ircresse of orthoclase this tendency
of the plegioclsse diminishes. In compesition the
plagioclsse appears to vary with the phase from la-
btradorite even to elbite although oligoclase is per-
haps the most sbundant type.

In the oversatursted phuses the ferromasgne-
sisn minerals are ordinsrily not abundant. The most
common Terromagnesian minersl is biotite., Hornblende
and augite are decidedly less common and in many
phases absent. Where the ferromsgnesisn content is
high the mineral is most commonly asugite. In some of
the more basic phuses of the stock augite and labre-

dorite msy be nesrly the sole constituents.

Distribution and Origin of the Phases

The more basic phases of the rock occur in
the north and south ends of the elongate stock. The
change towards basicity is gradual yet very irregular.

There is grezter heterogeneity of phases and greater
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concentration of the melanocratic phsses in the nar-
rower terminastions. Examples of the basic rock areas
are well shown near the Christmss Gift mine where the
rock is sugite diorite or gabbro. agsin near the
southern end of the Christmas Gift Extension claim is
a considersble area of very dark-colored roeck which
is slmost entirely composed of augite with a little
labradorite. In the southern end of the hills west
of the Silver Spoon mine and south of the Promentory
mine are areas of dioritic or loeslly sugitic rocks.
It should te restasted here for emphasis that these
various types of rocks are not separate intrusions,
but that they belong in some way to & pre-consolida-
tion heterogeneity of the msgme.

Compositional varistions within small in-
trusions are well known, but the causes sre less well
known., It is generally assumed that somewhere at
depth molten materisl is nearly homogenrous and thst
various types result from some sort of differentia-
tion. The ways and means of the process of differen-
tiation are discussed in current texts and it suf-
fices here to say that at present no general sgreement
exists in the matter unless it be the tendency to
grant several modes of operation.

If it be assumed that the deep reserveir of

mclten materisl which gave rise to the Darwin stock
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was originslly homogeneous then the rock variation
within the stoek may hzve resulted in either of two
ways., First, the homogeneous reservoir may have
differentisted in situ and the separated parts in-
jected into the present se=t of the stock. Second,
the homogeneous materisl may have been emplaced in
stock form with differentistion resulting thereafter
either by crystal fractionation, gaseous transfer,
filter pressing or some other process. There is no
direct line of evidence which indiecates that the
stock differentiated in place. Furthermore, except
locally, reactions with the country rock do not ap-
pear to have influenced the composition. o border
phase of more basic rock exists., Instead, the total
impression gsined is that the phuses sre due to ori-
ginsl veriations in the intruded material.

It may be that the first intruded material
was basic end that later surges, intermediste in com-
position, pushed the basic materisl outward and toward
the ends. The stock grew centrslly with more secidic

material continuing to concentrate there.

Related Dikes
In pleces the border portion of the intru-
sive and the nearby contact aureole contain many dikes.

Some of these sre direct offshoots of the stock and
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Plate VIII

L. Alaskite dikes (white) cutting tactite above the
Defiance mine.

B. Aleskite sill with offshooting dikes in tsctite
near the Defiance mine.

C. 4Acidic dikes cutting guartz diorite near the
contact at the Bernon mine.

Note: Many similer dikes in the tactite are composed
entirely of orthoclase and in others gusrtz is
present in only small guantities. (See text,
page 33.)
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cut only the country rock. Others are later and cut
the intrusive =lso (Plate VIII-C). These dikes are
all more acidic than the intrusive., In s few csases
of fshaots from the intrusive where traced outward
become incressingly acidic, changlng sometimes to
alaskitic or syenitic dikes. The syenite dikes are
very common in the contsct aureole between the De-~
fisnce mine =nd the Thomoson mine. It is coarse
grained ana composed azlmost entirely of orthoeclase.
The c¢olor varies between pirk, green, and white.
Whereas these and other dikes may have originated as
magmatic dikes in the ordinary sense, the evidence
suggests in some cases an origin by metasomatic pro-
cesges. South of the George Washington shaft in

the southern part of the hills slasskitic material

has spread in anastomosing manner from stratification
planes through several adjacent beds convertiing them
completely to alaskite or guartz-orthoclase rock. 1In
other places feldspar dikes appear to fray out and
permeate ad jacent walls in & manner suggesting re-
placement. Th;s sub ject is treated more fully under
igneous metamorphism, Likewise the subject of alter-
ation of the intrusive is dealt with in the same

chapter.



Flatesu Basalt and Tuff

Hsny sgusare miles of the Darwin Plateau sre
covered by basultic flows (Plate 11I-4). The surface
upon which this materisl was extruded was remarkably
smooth, but it has since been brosdly warped and
block~ or step~faulted. 4s 2 result the sheets =are
not everywhere continuous and in large areas they
have been entirely removed by erosion. Furthermore,
in downwarped or downfaulted aress much of the vol-~
canic material has been covered by alluviunm.

The northeastern edge of the Darwin Hills
is covered by a basaliic shest sloping 10-150 toward
the east (Plate VII-A). At the west edge of the sheet
the thickness is about 20 feet, but eastward it
thickens to 400-500 feet and four or five flows are
distinguishable. Jeveral thin isolated remnants of
bassltic cap occur at distinet levels salong the west
flank of the hills (Plate V-i}, and while the upper-
most of these is being exhumed by erosion the lower
patches a8re being covered by the outspreading sllu-
vial apron. The pronounced difference in thickness
of the sheet on the higher slopes of the Larwin Hills
and to the esst nesr Darwin Wash and Panamint Valley
mey be in part due to the lateral stripping of the

flows in the higher area, but for the most part this
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difference is probably originel. The difference in
thickness and number of f{lows together with the oc-
currence of sgglomeratic ejectumenta beneath the
lavas in the lower course of the Lsrwin %ash suggest
thaet the source of the volcanie flows in the northern
part of ithe Larwin lHills was from the esst, probably
nesr the edge of the present ransmint Vslley. fThe
baesze of the basalt ssries is nearly everywhere cha-
racterized by loosely consolidated brown cinder beds.
Kear Darwin these are only a few feet in thickness,
but toward the sast they thicken considerably.

The extensive basaltic sheets of this re-
gion are all pre-basin and range fzulting and were
thought by Kunopf to be probably of early wuaternary
sge. 1n this respect it is interesting to note the
presence in this region of small besaltic cones which
are younger than most oi the basin and range faulis.
&8 in Owens Valley io the west many of these have had
their posiiion determined by the basin and range
faults. To the east of {the Derwin Hills slong the
flsnk of the Argus Range sre i%o such cones., One of
these has its locus along the Darwin tear faull and
the other rose along one of the step fzults of the

4irgus Bange (Plate IV-Cj.



STRUCTURE

SHAPE OF THE STOCK

The Darwin stock has a length of five miles
end 8 maximum width of about two-thirds of & mile mid-
way of its length. From the central part it tapers
irregularly into narrow north and south tips which are
only a few tens of feet wide (Plate VI). The general
trend, ¥ 25° W, is parzllel to that of the sedimentary
formations into which it is intruded. 1In detail its
original outline wes quite irregulsr with many large
and small protubersnces snd outliers., However, much
of its present irregularity has been caused by subse-
guent cross faults which have offset the body in many
places, 1In the northern part, the stock is charac-
terized by msry inliers of't&ctite which attest to the
proximity and irregularity of its spex in this region.

In genersl the contact of the stock dips out-
ward on both sides and so it widens in depth. On the
west side the contact dips under the tactites approxi-
mately parallel to their stratification (Plate X)
which is inclined cn the aversge S0 to 80° westward.
Or the esst side, especially in Lsne canyon, the con-
teet crosscuts the westward dip of the tactites. To-
ward the north and south ends of the stock the contact
mey conform to the west dip of the tsctites in which
pleces the stock would appesr sill-like in cross
section.



FOLDS

The stock is intruded into steeply inclined -
beds of 8 folded Fennsylvanien series. The deforma-
tion of the PFennsylvanisn rocks on the west side of
the stock differs from that on the east side. The
series on the west side of the stock is prsctically
homoclinal and dips generally ¢ 65° W st 50°. Two
types of smell locesl folds interrupt this general
attitude of the beds. The first sre small, nesarly
upright and horizontal folds with sxes parallel to
the trend of the formation. Only two or thres such
folds ocecur in the series, the mozt noteworthy of

#hich is the one near and parallel to the intrusive

<

contect between the Defisnce and Essex mines. The

t

second class of local folds are in the nature of
werpe in the regiomsl trend and, slthough the axisl
attitudes ere difficult to determine, they are steep
end usuelly at a considersble angle to the general
strike of the beds. One such fold with axis pitching
steeply westward occurs in the hills west of the Fair-
benks mine (Plate XI-~E); another occurs high on the
slope of Ophir Peak and can be seen from the highway
epproaching Darwin, These folds are like loeal knots
in the otherwise even grsin of the formstion. It

seems likely that the stresses which produced this
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PLATE IX

\ |
/
/
/

A. Small concentric anticline developed in the zone of
folding along the east flank of the Darwin Hills,

Note the radial tensional jointing,

/ X

\

B, Closely folded beds along the same zcone,

Ce Detail of the small fold at the right in B,
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second class of folds were different in direction
from those which caused the first class of folds.

The beds on the eust side of the stock are
wnsiderably folded. Immediastely east of the contact
the beds dip west into the stock, and the first fold
is usually encountered at a distance of 1000 to 2000
feet from the contact. In places this is & large
anticlinal fold with limbs dipping 6C to 80°. 4ilong
the highway through the hills the folding consists
of one anticline and syncline between the east con-
tact of the stock and the slluvial edge, a distance
of esbout s half mile. I this simple folded belt is
followed northward to the steep slopes of the hills
east and southeast of the Christmas Gift mine, the
folding resolves into an intricate belt consisting of
many closely spsced snd nearly isoclinal folds
{(Plate Ii). To the south of the highway along this
same folded belt, which occupies generally the east
front of the hills, sare similer closely folded 2zones
pasrticulsrly in the vicinity of the Ffernando mine and
south of the Xeystone mine, Immediately east of the
Lueky Jim mine in the north end of the hills, another
zone of close folds exists in which one of the folds
is overturned and broken into a high angle overthrust

to the east. 1In many other nlaces the close folds
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are slightly overturned toward the east, and, if the
isoclinal belts are viewed from the east front of

the hills, the beds appear as an unfolded series dip-
ping steeply west. The eastern edge of this zone of
close folds coincides approximately with the base of
the hills. It seems best to consider the zones as
incompetent folds superimposed upon the larger and
broader folds of the region. There is some sugges-
tion thaet these zones may be due to crowding of the
stock during emplacement, but where the stock is
widest and crumpling by shouldering of the intrusive
might be expected to be the greatest, the folding
consists of a single anticline and syncline. The
zones of close folding parallel the narrower portions
of the stock. Furthermore, since protuberances from
the stock cut the limbs of the broader folds it is
probable that all of the folding antedates the in-

trusion of the stock.

FaULTS

Faults in the Darwiﬁ Hills and displuce-
ments thereon csn be given the following age group-
ing: (1) post-Pennsylvanian and pre-intrusive, (2)
post-intrusive and pre-mineralization, (%) post-
mineralization and pre-lava sheets, and (4] post:

sheets.
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Ro fsaults of the first group have been
positively identified in the district. However, it
appears unlikely that the folding of the Pennsylvanisa
beds prior to the intrusion of the stock was unasc-
companied by at least some fracturing. 4 few of the
faults described as post-intrusive in age may have
had their Inception before the intrusion. No evi-
dence is availsble of the asge relationship between
the Darwin tear fault and the intrusive inassmuch as
the fault crosses the hills north of the stoek. This
fault mey be older or younger than the stock. How-
ever, all of the displscements on the smaller c¢ross
faults which cut the stock sre in the same direction
as that on the Darwin tear fault. This may be evi-
dence that the large fault is slso later than the
intrusion and hence belongs to the following group.

Fsults of the second group are numerous and
they are the structural feature which controls much
of the metullization in the distriet. These fsults,
of which meny were later mineralized to form Tissure
veins, developed after the consolidation of the stock
and may be divided into two subgroups. The first,
which hzs proven to most economic significance, are
most numerous, shorter, and roughly normal to the in-

trusive contact. FPracticeslly all of their strikes
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fall between N 45° E and N 65° E. (See Plate X.)
Hany5shOW'no measurable displacement. The maximum
displacement is not over 100 or 200 feet. Some of
the more Earsistent of these such ss the lLane and
Standard Extension have lengths of 4000 feet. iHost
of them occur within the tactite zone around ths
intrusive and end at or shoftly within the intrusive
contact {Plate VI). Only rarely do they cut entirely
across the stock as in the case of the Stand=zrd Ex-
tension fissure. Where direction of displacement is
ascertainable the movement is dominantly horizontal
with the north side moving relstively westward.

The faults of the second subgroup of this
age are rather limited in their distribution and they
strike K 50-70° &. These faults, few in number, con-
stitute a shear zone which cuts tihirough the entire
stoek in the first canyon and valley north of Lane
Canyon {Plate XI-4). The direction of movement is
the same as that on the previous group, but the dis-
nlacement is grester and later. Doth subgroups have
been subjected to post-consclidation mineralization
{Plate VII-C}. The length of this zone of faults is
86C0C or 2000 feet. 4although they crosscut the strata
on the east, to the northwest and on the west side of

the stock they either die out or are taken up by un-
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recognizable strike slip slong bedding plsnes. The
northwesterly faults which displsce the Lueky Jim
vein belong to this group although not within the
immediate zone.

The time ~eriocd renresented in the next
group of faults, post-mineralization snd pre~lsva
sheets, is grest and sotually several distinct pericds
of movement ere suspected but eannot be definitely
proven. Hany of the flssures previously deseribed
show signs of movement after mineralizstion sand this
movement in some omses sppears to have had stesp
vertical components &s evidencsd by the slickensided
gouge zones in many of the fissures. Gome of this may
rapresent minor adjustments which resulted from the
bleoek faulting following the lsve erupntions in esrly
wuaternary time.

A fTew faults which offset veins are also
present, These fzults have 8 trend which is more
na&r}y esgt-west than the previously described Tis-
sures, They strike i 70~8C° E and the direction of
movement on them wa: the same as op the previous two
groups, that is, the north side shifted relatively
west. & noteble exsmple is the Christmss Cift fault
which offsets the Christres Gift vein and oreshoot

{rlste V1). The displscement on this fsult nesr the
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mine is 300-40C feet. Another such fault crosses the
ridge east of the Darwin Lead Company's camp and near
the Rip Van winkle shaft. Here the displscement is
about 150 feet.

The largest fracture in the district is the
Darwin tear fault. It cults scross the hills about
1000 feet north of the Lucky Jim mine, The fault
strikes N 75° % and dips 75° south. This steep sou-
therly dip is also characteristic of the above de-
seribed faults offsetting the fissure veins. In most
places it is a shear zone 200-300 feet 1in width. The
striking manner in which the northerly trending beds
are dragged parallel to the fault gone clearly in-
diestes the direction of movement. The Darwin tear
is of considerable extent and can be trzaced for
several miles to the west of the hills where it
gradually passes into s series of folds. Aabout three
miles east of the hills it causes the Darwin Wash to
swing easterly along the belt of weakness. It is
traceeble to the top of the irgus Range where it |
passes beneath the basalt capping. It has a total
length of =t least ten miles.

The Darwin tear fault appears to be the ‘
master fracturé of the districet and all of the smaller

dislocations formed prior to the lava flows are in a



way related to it. The direction of movement on the
smaller faultis in the hills is the same s&s that on
the large tear. In strike the Darwin tear fault ap-
pears closely related {o the northwesterly trending
fractures describved sbove. The age of the barwin
tear is rather uncertain. It may have had its in-
ception prior to, during, or after the development
of the fissure veins, but evidence is present that at
least some of the movement is later than the lava
caps of early «uaternary age. Near the top of the
Argus Rsnge the lsvas appear to be somewhat deformed
by late movementis on this fault.

ihe fourth group of faulits are large frac-
tures which trend northwesterly snd sre to be identi-
fied as basin and raunge {faults developed in quaternsry
time. 1These were undoubtedly instrumentsal in forming
the Lerwin Hills. Their presence znd position is in
part bused on physiographic evidence, but this is
supported by the positions of certein remnsnts of
basslt flows surrounding the hills. Frrom several such
remnants located at levels along the northwestern
edge of the hills it appears that they hsve been ele-
vated or perhaps tilted towards the esst slong at
least two parallel faults {Flate V-i). On the east

side of the hills the slopes sre very steep (Plate III-D},



Y™

a faet which caused Knopfl to postulate z fzult along
their bsse. Iie also noted that toward the north the
fsult must terminate because unbroken lava sheets
¢ross the exieunsiocn of the pestulsted fracture. The
ruggedness of the eastern slope, especially in its
scuthern part, is due to some extent to undercutting
by the Derwin ¥ash, but thst some of the relisf is due
to fzulting sppears evident from the position of the
lake beds end the lava c¢aps in the gisnt step faults
in the Argus Range east of the larwin Vash.

From the geologic map, Plate VI, it is evi-
dent that the regionsal trend of the folded Pennsyl-~
vanian rocks determined the trend and elongate shape
of the stock., The gQuestion arises as to the influence
of the intrusion on the'develOpment of fracturing in
the adjscent rocks. Ingersoll snd Zobel” have sup-
posed that cooling snd contrsction‘of the rocks behind
& heat wave advancing from the intrusive have been the
¢zuse of frscturing in which lster minerslization

takes plece. Emmons® hes pointed out thet the fissures

1. Knopf, 4., U. 5. G. ©. Bull. 580A, p. 3.

2, Ingersoll, L. R., and 9. J. Zobel, an Introduction to
the iathematical Theory of Heat Conduction, p. 129.
1913,

%, Emmons, ¥. H., Relation of Ore Deposits and Eatho-~
1ith, Ore Deposits of the iestern States, p. 339.
1933.
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formed in the outer part of intrusives and in the

sd jacent couniry rocks arve often formed by the forces
of intrusion or the pressures generated during cool-
ing.

4t Darwin the displscements on the fracture
systems are clearly related to tectonic forces. The
uniform direction of displacement sand sccompanying
shearing attests to this fact. It may be true, how-
ever, that some of the frasctures upon which displace-
ments later took place owed their origin to forces
developed by the intrusion. The answer to this could
be obtained by the determination of the relative
sbundance of fissures adjacent to the stock as com-
pared to their abundance and trend at a distance.

Hot enough detailed mupping hes been done in areas
outside of the Darwin Hills to determine whether tie
frecture systems outlined are extensive over the
larger terrain of the plateau.

It might be noticed in favor of the tectonic
character of the fracture systems that Knopf and Kirkl
found much the same trend of fractures on & larger
scale in the Inyo Range. The general conclusion

reached Tor the Darwin Hills is that the fractures

1. Enoof, &., andg E, Kirk, Geologic Heconnaiggince of
tgeplﬁyo hange. U 5.°C. o. Prof. Paper iﬁ&, p. 21.

1318.



and especially the subseguent movements thereon are
not related to intrusion, but rather to tectonic
forces.

In summary, the structure of the barwin
Hills is characterized by & considersbtly folded
series of impure Pennsylvanian limestones intruded
by an elongated stock which oecﬁpies the center or
core of the range of hills. 4although parallel to the
strike of the formations the stock transects the west
limb of 8 large fold in depth. The east limb, sbout
100C feet east of the stock, is considerably erumpled
into s series of closely spaced nearly isoclinal
folds. 4 system of northeast and northwest fractures
transverses the whole., The common direction of move~-
ment on all of these has been westward on the north
side., The total efiect of the displacements on all
of the frsctures has bean to move the north tip of
the elongate stock several hundred feet west of its

original position with reference to the south tip.

Uplift along faults roughly bounding the hills slightly

tilted the range abtove the plateau in quasternary time.



IGKEQOUS METAMORPHISH
HISTCR

Lindgrenl gives credit to Bernsrd von Cotte
for the first recognition in 1865 of mineral deposits
formed by the sction of intrusive rocks on limestones.
However, the ploneer work of the classificztion of
such deposits and their distinction from other types
wes done largely by Von Groddeck® and Vogtz.

The first description of the contact meta-
norphic type of deposit in America was that by Lind-
gren of the Seven Devils District, Idsho®, During
t he first decade of the century deposits sbout in-
trusive contacts received much 2ble description par-

fo

ticularly by Blake® in arizona, Weed®, Barrell’, Xemp ,

1. Lindgren, #. #ineral Leposits, 3rd ed., p. 763.
1928.

2. Von Groddeck, #., Lie Lehre von den Lagerstatten
der Erze, Leipzig, p. 260. 1€79.

3. Vogt, J. H. L., Zeitschr. Prakt. Geol., pp. 177,
464; 1894, p. 154, 1895,

4, Lindgren, %., din., and Sei. Press, 75, p. 125.
1899.

5. Blske, w. P., Trans. am, Inst, ¥in. Eng., 34. 1904,
pp. 866-830.

6. #eed, W, H., Ore DUeposits nesar Igneous Contacts.
Trans. am. Inst. Min. Eng., 33, p. 179. 1903.

7. Barrell, J., U. &, G. S, Prof. Paper 57. Harys-
ville dining Listrict, Lont., pp. 116-15C. 1907,

&, Xemp, J. F., Ore Deposits at the Contascts of In-
trucive Hocks and lLimestone. ZXcon. Geol., vol. 2,
pP. 1-13. 1907.
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1, spurr®, Leith®, and others. Barrell”

Lindgren
pointed out the relationship between metsmorphic
minerals and the original composition of the rocks

and demonstrated the volume changes necessary in re-
¢rystallization of impure calcareous sediments.

Barrell at Marysville distinguished between contszct
metamorphism, or pure recrystallization, and meta-
somatism in which emanations from the intrusive

added some materials., The latter he thought wses
prineipally confined to zones at the contsct and to
narrow borders salong jointing. In general Barrell's
studies led him to favor recrystallization although
recognizing some infiltration. Leith and Harder in a
description of the metamorphic sureole st Iron Springs,
Utah concluded that grezt guantities of carbon dioxide
and lime were expelled and this was accompznied by a

volume reduction of as much as 80 per cent. Such a

shrinkage was thought by Kemp5 to be incredible.

1. Lindgren, ., Copper beposits of the Clifton
#orenci Distriet, ariz. U, &. G. S. Prof. Paper
43. 19CS.

2. Spurr, J. E., and G. H. Garrey, Velardena District.
Econ, Geol., Vol. 3, pp. 68&E-725. 1908.

3. Leith and Harder, Iron Springs, Utah. U, S. G. S.
Bull. 33&8. 1908.

4, Barrell, J., Physical Lffects of Contact iletsmor-
phism. 4m, J. Sci., 4th series, vol. 1&, pp. 279~
296, 19202.

&. Kemp, J. F., Discussion. Icon. Geol., vol. 4,
pp. 782-730. 13(9.



In 1911 V. ¥, Goldschmidt published his

famous book, lie Contactmetamorphose im Xristian-

isgebiet, in which he described an inner early zone
of recrystallization and an outer later zone of
pneumatolytic action, about this time Uglowl
published & review of the literature in which he
purported to weigh the evidence for recrystalliza-
tion end megmetic additions. Uglow concluded that
recrystallization was the dominant factor in the
development of the silicate zones. 7This paper pro-
voked an scrimonious discussion during which the
proponents of the infiltration hypothesis restated
their evidence and conclusions much more c¢learly and
precisely. The resulting discussions which were en-

& &

tered into by 3tewart2, Kemps, Higgins™, Uglow ,

Lindgrena, and Leith7 lasted well into 1914 and the

1. Uglow, %. L., Origin of the Secondary Silicate
Zones. Xcon. Geol., vol. 8, pp. 18-D0, 21l5-224.
1913.

2. Stewart, C. A., Discussiop. Econ. Ceols. vOl. &,
p. 500, 1913; vol. 9, p. 278, 1914.

3. Kemp, J. f., Discussion. EKEcon. Geol., vol. 5,
p. 537, 1913; vol. 2, p. 282, 1914.

4, Higgins, D. ¥., Liscussion. Z¥con. Geol., vol., 3,
p. 73, 13914.

5. Uglow, %. L., Uiscussion. Econ. Geol., vol. 3,
p. 17&, 1914,

6. Lindgran, %., fiscussion. I¥econ. Geol., vol. 3,
De 283, 1814. B

7. Leitn, C. X., Discussion. Ec¢on. Geol., vol. 9,
p. 292, 1914. '



eiring thet the subject received doubtless d&id much
to stimulete keener study of contsct metamorphism in
districts subsequently exsmined. The evidence and
arguménts presentea by the magmatic additionists ap-
pear to be the mors conclusive. It should be stated,
however, that while advocating convections of heat
and materisls as the more important in the production
of the silicate zone, these men fully recognized and
admitted that siliceous snd other irmpurities in the
lirestones entered msterizlly into the regctions.
Kevertheless, to similar deposits described in the
next suoceeding y=8rs a greater role was given to
emanations and additions from the magma.

European workers, on the whole, have favored
pure recrystallization in the role of the development
of the silicate zone. This is especially true of
Rosenbusch, Zirkel, and Brogger. fThese men in their
garly days thought that ores ss well as silicates
were developed by reerystallizstion of sediments. In
the recent text, ﬁetamorphism; by Harker there is a
disappointing lack of consideration of the role of
igneous emanmtions especially upon calcareous sedi-

nments.
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ilore recently Tilleylﬁt scawt Hill and
Keckoldsg et Larnavave have found convincing evidence
of the introduetion of magmatic materials into csl~
careous rocks. at Scawt Hill Tilley showed that near
the doleriie contiact substances had been added to
nearly pure chalk in amounts directly proportional to
the camposition of the intrusive. EHence, he believed
there was an infiltration of doleritic solutions in-
volved in the reactions producing the silicate zone.

48 &8 complicsating third factor, but one
which undoubtedly served its purpose ac an alternative
hypothesils, Lawson® proposed that recirculating me-
teoric waters were nol only the cause of much of the
alterations both in the wall rock snd intrusive, but
also the najor sgent in concentraiion of the asso~
ciated ores. Dalyé also considered resurgent waters
ag operative in metasomatism snd recrystailization.
Host economic geclogists were inclired to doubt the

the importance of such waters. Lim‘.“gren‘FJ and

1. Tilley, C. E., The Dolerite Contzct at Ocawt Eill.
¥in. ¥a8g., vol. 22, p. 445, 1931.
2., Keckolds, &. H., Contributions to the Petrology of
Barnsvave, GCeol, H4ag., vol. 74, pp. 128-132, 1837.
3. lLawson, 4. C., Min. snd Sci, Press.
Feb. 3, 191Z2.
4, Dely, ®. 4., Boon. Geol. vol. 12, p. 490.
19217.
5. Lindgren, %., Discussion, Econ. Geol., vol. 9,
pp. 284-285. 1314.
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Umplebyl at about the same time presented evidence
which rather convincingly disproved the ides held by
Lawson and others. Iiore recently Knopfzexplained
the formation of the Kother Lode of Californis and
the wall rock alterations in part by resurgent waters.

Volume reductions resulting in shrinkage or
inereased porosity or both are generally admitted ss
necessary in thermal metamorphism in which sny con~
sidersble guantity of carbon dioxide is libersted
without the simultanecus introduction of outside
material., It hes been difficult to find evidence of
contraction resulting from such volume reductions.
Preservation of any of the primsry sedimentary struc-~
tures such as bedding, fossils, etc., have been used
as evidence that no shrinkage occurred znd hence
materials were introdueed and substituted for the ex-
pelled casrbon dicxige.

Knopleat varwin believes there must have
been considersble introduction of silica becsuse of

the lack of evidence of shrinksge and collapse of

1. Umpleby, J. B., Genesis of the iackay Copper De~
posits. Econ. Geol., vol, 9, pp. 346-383. 1914.

2 ¥nopf, 4., The Kother lode System of Cslifornia.
Us 8. G. S, Frof, Paper 157. 1929.

3. Enopf, 4., The Dearwin Silver~lead iining Listrict,
Calif. U. 8., 6. &. Bull. 56C, p. O. 1913.
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primary structures. Likewise, Emmons and Calkinsl
at Phillipsburg, Butlerz in the San Francisco district,
Utah, Spencer3 at Ely, Nevada, and {}mpleby4 at Mackay,
idaho believe the evidence shows considerable intro-
duction of silica and other constituents into the
limestones. 4t Hackay, Umpleby, like many investigas-
tors, noted twec types and periods of metamorphism:
the first, contact metamorphism (recrystallization)
in which the magmatic emanations were chiefly agucous,
and 8 second in which silica snd other substances were
added.

In lster years the subject of contact meta-
morphism has received somewhat less attention, but
the guestion as to relative importance of the two
prineipal processes in the formation of the silicate
zone hses not been dicisively decided. R’olan5 at Gold
Hill, Utah recognized =3 esrly reerystallization fol-
lowed by metasomatism so unrelsted to the immediate
contact ss to cause him to discuss the whole subject
under the heading "contsct” metamorphism. Gillulye

in the Stockton and Falrfield quadrsngles, Utah found

1. U.S5.G.8. Prof. Paper 76. 1913.

2. U.‘.‘;E.Q.&. ?I'Of. 5&?32‘ 80! lglgu

3. Us85.G.8. Prof, Paper 96. 1917.

4., U.5.G.5, Prof, Paper 387. 1917.

° U.&.GO::. P’I’Of. i;a?er 177' ppo 91"94- lg:ﬁs.
6. U.S.G.Z. Prof. Paper 173, pp. 101-107. 1832.

=
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only little evidence of introductions and concluded
that the silicates were largely produced by recrys-
tallization of impure ligestones.

an impartial exemination of fhe foregoing_
evidence indicates that either pure thermsl recrys-
tallization or mégmatic additive processes may
locally be the dominant factor in “"contact" metamor-
phism . Meny have found two periods of metamorphism,
an early one of recrystallization of constituents
elready present in the rock and a lster one by mug-
matic emanation. Ilowever, it is protable that the
two processes are not sepsrable, operating together
for the most psrt. Furthermore, the process as &
whole varies with the intrusive sand wall rock. OF
the two processes the evidence at Darwin indicates
that additive msaterials plsyed the dGominant mrt.
dost writers have concluded that the silicate zone
is developed either at the time of the intrusion or
shortly therealter, but never prior to the emplace-

xment.

ALTERATIOR OF THYE SELIMENTaARY HOCKS

General Character

cince most of the minerals of the silicate

zone about the intrusive are calcium silicates the
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term, tactite, proposed by Hessl is applied herein to
the rocks as a whole, liess applied the term to cal-
clum silicate strata or rock formed by megmatic
emanations. It is preferred here to use the term for
silicated limestone whether by recrystallization or by
metasomatism, The term, hornfels tactite, is used
for the fine-grsined or sphanitic tactites. Other
aajectival terms are prefixed to the term, such as
wollastonite tsctite or garnet-diopside tactite. 1In
keeping with the recent suggestion by Tarfi the term,
tactization, is used for the process in preference to
tactitization.

At larwin the tactites &re whitish, medium
to fine-grained, stratified rocks. 7The width of the
tactite zone varies from a few tens of feet to nesrly
2000 feet, The outer limit of the zone is roughly
determinable by the extent of bleaching of the origi-
nal rocks. an aureole about 1000 to 1500 feet in
width is most common. The retained stratification is
the principsl existent structure {Plate XIII-C). Al=-
though in msny places the tactite is fine grained or

aphanitic, large areas of stratified tactite composed

l. Hiess, . L., Tactite, the Product of Contact leta~-
morphism. am. Jour, Sei.,, vol, 48, pp. 377-378.
1918.

2. Tarr, W. 4., Carbonation vs, Carbonatizatione.
Seience, vol. 85, p. 198. 1937.
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Plate XII

General view of the contsct of the stock (&) and the
tactite (t) zone along the ridge between the Defiance
and Independence mines.
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Plate XII1

Letail of tactite "breccia" on the ridge south
of the Defisnce nine.

Garnet metacrysts in marble near the Fernsando
mine.

Typical outecrop of stratified tactite. Wollas-
tonite is the principal constituent of these
teds. )
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Flate XIV

Spotted limestone partially silicasted. The
dark lenses sre gray impure limestone. The
enclosing metrix is greenish white and under
the microscope shows needles of wollastonite,
caleite, and idocrase.

Blades of specular hematite in calcite (white)
end diopside (darkj.

ldocrase metacrysts in marble from the Lucky
Jim mine.

411 about natursl size.






of visibly felted aggregates of wollastonite occur.
Locally, decidedly coérse textures are Tound. Light
green garnets one to three inches in diameter im-
bedded in wollastonite are common and one garunet a
foot in diameter was found south of the Defiance
mine. On the prominent white ridge south of the
Lucky Jim camp are areas of tactite in which wollas-
tonite prisms threce to six inches in length are
abundant associated with garnet and considerable
jdoecrase. Idocrase orystals attain dimensions of
one to two inches (Plate XIV-C). In genersl, the
coarser the texture, the less is the mineral di-
versity. Coarseness of grain, except in s broad way,
is not related tevproximity of the igneocus contact.
Thus, at the Lefiance mine the tactite at the ig-
neous contact is dense, fine grained, white rock,
while westward from the contset to the top of the
ridge are many beds of medium and coarse grained

tactite,

Kiperals and Textures

hollastonite.

#cllastonite is perhaps the most abundant
mineral of $he silicate zone. It occurs in felted
masses which may comprise bed after bed of the tac-

tites over considerable arecas. Locally, ususlly
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near the igneous contact, wollastonite forms in
large reticulating prisms asscciated with small
quantities of garnet or idocrase. 1n the outer part
of the tactite zone it occurs in smsll radiating
groups imbedded in fine grained calcite or limestone
in such & way as to make it apparent that its forma-
tion was the first manifestation of the silication
process {(Plate XV-4]. Even in this initisl stage of
silication it is common to find smsll amounts of
idocrasse associated with the wollsstonite. %ollas-
tonite 8lso occurs in veinlets with garcet and ido-
crase cutting & matrix of hornfels tsetite or in
some cases impure limestone {(Plate XX-E). Thus it is
common to {ind wollastonite in the groundrass and in

veinlets cutiing that matrix.

Garnet

%ith the exception of wollsstonite, gsrnet
is the most conspicuous minersl of the tactites. It
is typically a light green colored garnet. wualita-
tive tests indicste approximately ejual guantities
of aluminum and iron in addition to c¢slecium. It is,
therefore, most generally z mixture of grossularite
and andradite molecules. Ey far the greatest per-
centage of the garnet is birefringent, showing re-~

rarkable zoning and polysynthetic twinning (Tlates
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Plate XV

Spots of wollastonite in fine-grained limestohe.
iAn esrly stage in the development of wollastonite
tactite. Crossed nicols. 11X. UNo. 12-1(3).

hadisted wollustonite with interstitial cslcite,
& more advanced stage in the formation of wollas-
tonite tactite. Crossed nicols. 20X. DNo. 1ll-k.

i wollsstonite tactite. COrossed nicols. 26X,
NO. P.l‘l-g(g).

Large wollsstonite crystal (wo) with twinned cal-
cite &nd isotlropic garnet. Crossed nicols., 20X.
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Plate XV1

Polysynthetic twinning in gsrrnet {(ga) with
interstitial calcite (ca) from the tactite
neay the Thompson mine. Crossed nicols.
75X. Hoe. .M, 1l.

¥ollastonite (wo, replaced by garnet {ga) and
calcite (ca) with some diopside (di) snd ido~
crase {(id). The shaded areas along the wollas-
tonite cleavage and Ifractures are calcite.
Crossed nicols., 975X. ko. F. 4=-16{(1).
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Plate XVII

Yetacrysts of anisotropic garnet (ga) in guartz (g)
and ealcite (eca). ©Small erystals of diopside and
apatite are occasionally present. Crossed nicols.
27X. Ko. F.a=17 (1}.

ftemarkable zoned and twinned garnet.

¥ote: Caleite (cz) and orthoclase {or) £ill in
around the gernets in this section and small crys-
tals of sphene and tourmaline are ocecasionally
present in the garnet. Crossed nicols, 27X,

E’QO. 14:"10 .
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XVI-s and XVII). In sddition to the regular asrrange-
ment of the birefringent parts, it often shows wavy
and irregular anisotropism. Also it often shows two
stages of growth in which the core may be greenish
and the periphery colorless or vice versa. Perimorphs
of garnet are very common in calcite {Plste XIX-H),
Gome of the totally 1sotropiec green garnet is probzbly
elmendite., Parely a little dark brown or black garnet
is found and it also is isotropiec.

Garnet 1is widesnread throughout the zone,
but the larger and riore perfect crystals oeccur nesr
the igneous contacts. In some places massive garnet
zones & few feet in thieckness border the immediate
contzects. Carnet 1is found in association with all of
the silicete zone minersls, but most cormmonly with
caleite which occurs not only interstitizlly to the
garnet crystals but in veins replacing it. Carnet re-
places wollustonite and in some instances appears to
form pseudomorphs after the lastter mineral., Garnet
also forms veinlets cutting & matrix which may include
earlier gernet among other silicate minerals. Loecslly
garnet develops as 8 post-Tissuring silicate mineral
cementing or replacing earlier silicates, csalcite, or
igneous rock (Plate XXI). Small erystals of tourma-
line or sphene are commonly found included in the

garnet.
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Diopside

Diopside is practically the only pyroxene pre-
sent. It is abundant in fine grained tactites with wol-
lastonite, garnet, calcite, and other minerals. Poikili-
tic diopside and sometimes hedenbergite in orthoclase
are common near the contacts. Diopside is occasionally
found replacing wollastonite, but it did not continue to

form as long as garnet.

Idocrase

Idocrase, although not as abundant as the pre-
céding minerals, is nevertheless common at Darwin, It
occurs in dense green masses closely resembling garnet
and in euhedrons in calcite or wollastonite. Calcite is
nearly always present veining the idocrase. Under
crossed nicols the Darwin idocrase shows strikingly ano~
malous Berlin Blue or green colors. Polysynthetic twin-
ning and zoning similar toc that in the garnet are common
(Plate XVIII-4). Idocrase replaces wollastonite and is
idioblastic against it, but in contact with garnet the
latter mineral is euhedral. The large metacrysts of ido-
crase are found only near the igneous contact, but dis-
seminated grains and small veins are found in the outer
portion of the tactite zone associated with wollastonite.
Epidote

Epidote occurs only sparingly in the tactites
proper. It is mostly confined to the immediate contact
where it forms in veins replacing orthoclase in dike

rocks or in the intrusive proper.
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Plate XVIII

4. DPolysynthetic idocrase (id), wollsstonite (woj,
and garnet (ga).

Note: Idocrsse replaces wollestonite throughout
this seciion and garret is euhledral sgainst
idocrase.

Crossed nicels. 78X. Ko. F.C~1lZ.

E. Sutured intergrowth of cslcite and oligoclase.

Fote: %ollastonite is absent where oligoclase is
present in the tactite.

Crossed nicols. 75X, Ko, P.a=13.
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Flate XIX

Swarms of garnet {(ge) in calcite (ca) and
guartz {g). Crossed nicols. 20L. FKo. I.¥. 11,

iwinned caleite (ca) beset with perimorphs of
garnet (gs) and replaced by bands of sphalerite
{sp}. Pyrite (pyj. Crossed nicols. 1lX.

Fo. D.M. 13(1).

“ematite (hm) altered from magnetite replacing
garneis (ge) and celeite {ca). Oligociazse (ol).

zoned garnet (ga) set in calcite (c2) 2nd ortho-
clsse {(or). Diopside (dij. Crossed nicols.
20X. Fo. l1l4-1.
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Orthoclase

Orthoclase is a very common mineral in the
tactites, especially in the areas of more intense al-
teration or near the igneous contact. Likewise, border
phases of the intrusive are sometimes unusually rich in
orthoclase enclosing poikilitic garnet, plagioclase,
hedenbergite, or biotite. Orthoclase is found intimate-
ly intergrown with wollastonite, diopside, garnet, and
calcite in the hornfels tactites. Its occurrence in
dikes anastomosing through the tactites has already been
mentioned. Orthoclase is also found lining post-consoli-
dation fractures in the intrusive, indicating its late

deposition in part.

Calcite

Calcite 1is the most widespread mineral of the
tactite zone. In many of the tactites, both coarse and
fine, it forms a matrix with lesser gquantities of ortho-
clase, plagioclase, or guartz for the more idioblastic
minerals such as wollastonite, garnet, or diopside. |
Coarsely erystalline, marmorized limestone is not ex-
ceedingly common in the tactite zome. Nore common are

remnants of blue gray limestone in which calcite is
clouded by argillasceous impurities. Late calcite vein-

lets in all other minerals are very abundant.

quartz

Juartz is only sparingly present in the

silicate zone. Under the microscope quartz is some-



times found intergrown with cslcite snd the two
minerals scattered through with garnet. Cccasionslly
it is found interstitiasl to euhedral sggregates of
garnet. 4lso smell veinlets of guartz are found cut-
ting most of the silicate minerals. iany, of these
veinlets are ohaslcedonic (Plate Xil-i). 4s will be
mentioned later, 4uartz is more sbundant as & post

Tissure minersl.

Plagioclase

Plagioeclase is very sbundant in some of the
tactites. Practicslly all of the plagicelsse seen in
the tactites 1is untwinned oligoclase. It is for the
most part guite fresh and closely resembles juartz
for which it is easily misiaken by resson of the fsact
that the two are not ususlly found together., The
oligoclase occurs in a much sutured intergrowth with
calocite, the latter mineral being the more abundant
of the two (Plate XVI1I-BE). Idioblastic and xeno-
blastic garnet is scatiered through both minersls and
oligoclase sppears to replace the garnet in several
instances. & noticeable feature of the oligoclase-
calcite tactite is the absence of wollastonite. Thus,
in one petrogrsphic profile taken normml to the ig-~
neous contact, sections of the first one hundred feet

show abundsnce of wollastonite and some garnet, diop-
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Plaete XX

iwidences of Hetasomatism from the Quter
Portion of the Siliczte Zone

Quartz and calcite veinlets cutting fine-grained
guartzite und crystels of pyrite.
Crossed nicols. 72X. Fo. P.a=24.

Veinlets {large) of wollastonite snd idocrase
cutting impure purtielly silicated limestorne or
tactite {dsrk) and irn turn cut by chaleedonic
quartz veinlets. ‘
Crossed nicols. 78X, HKo. C=17.
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Plate XXI

Fine-grained wollastonite~diopside tactite cut by
a vein of garnet, wollastonite, and idocrase.
%ollastonite occupies the center of the vein, then
garnet, then idocrase grading out into the ground-
mass.

Crossed nicols. 11lX. No. 18-j{aj.

Fire~grained tactite of diopside, garnet, sndéd wol-
lastonite cut by garnet vein (dark% and calcite
vein (light).

Crossed nicols. 20X. No. P.ia=-8(3).

Graphic intergrowth of guertz and orthoclase from
an acidie dike near the ignecous contaset. Gphene,
tourmaline, and garnet ococur in the dike.

Crossed nicols. 20k, No. P.a=0.

Tactite of diopside, gsrnet, and wollastonite cut

by garnet veins (dsrk). he larger vein is psrallel

to the bedding.
Crossed nicols. 1lX. No. P.a=8{(2}.






Plate XXII

Poikilitic hedenbergite (he) end sndesine {(an)
in orthoclsse (or) from a dike rock nezar the
igneous contact.

Crossed nicols. 20X, No. P.ai=7.

Ppikilitic hedenbergite in orthoclase.
Flain light. 20X, No. P.a=-7.

Salt and pepper dicpside in orthoclase {or} and
guartz {g) from acidic dike nesar the contsct of
the stock.

Plein light. 20XZ. Ko. P.a-4(2].

Enidote {(ep) and actinolite {(ac) with guartz and
orthoclase from nesr the igneous contsct.

Gphene {sph).

i:’lain light. 20};. HO. P.fﬂ"‘Sv






side, and calcite, but no oligoeclase. GSections of

the next 100 feet reveal consideratbtle oligoclase with
easlcite and garnet ss mentioned sabove, but no wollas-
tonite. CStill farther swsy the situstion is reversed
again. OSince this profile was taken across the

strike of the tactites it seems likely that the ori-
ginal composition of the sediments was the controll-
ing factor. However, it appears likely that oligoclsase
and wollastonite are incompatible. 7The case is un-
doubtedly snslogous to the observations made by
Earkerl that snorthite and wollastonite combine to
form grossularite znd gusrtz, slthoush in the case of
oligoclase it is not quite clear what becomes of the
albite molecule. 4 small guantity of twinned poikili-

tic plsgioclase occurs in orthoclase in small dikes

near the igneous contsots.

¥iscellaneous Kinerals

Tourmaline and sphene sre common in the tac-
tites. Of the two, sphene is the more cormmon and it
forms larger c¢rystals. It 1s nearly euhedral and is
more abundant in the rmore highly silicated rocks.
Tourmsline is common in small ecrystals in the horn-

fels tactites. sapatite is not common, but is found

P

1. Herker, iA., detumorphism, p. 94. 1932.
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occasionally nesr the igneous contacts. Tremolite
and forsterite which are common to many contact zones
are rare at Darwin. Their scarcity is probably the
result of the relatively low masgnesian content of

the original sediments, The little tremolite en-
countered is the actinolite variety and its occur-
rence is prectieslly at the contact. 4 little
fluorite is found in the tactites, but much of this
is probably lute and principslly the result of hypo-

gene mineralization.

grigin'of the Silicate Zone

i question of paramount importance in the
origin of & silicate zone asbout an intrusive such ss
8t Derwin is whether the silicates are the result
solely of thermsl recrystallization of the original
ingredients of the beds or whether they are primarily
the result of sdditive processes or metasomatism,
Doubtless, in many cases the two processes are in-
separable. Perhaps the most common type ol rock
metamorphism is sccomplished with only scant pore
space solutions in which csse metssomatism is prac-
tically absent. On the other hsnd, especislly in
districts of intense metallization, metasomatism may
operate so inteunsely as to very considerably or com-

pletely chenge the original composition of the rocks.
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Where extreme varistions in chemical com-
positions sre set up by reason of intrusion, meta-~
somatism is greatly aided. Acecording to Goldschm.idt1
the energy of metasomatism is brought about by the
"inelination towsrds egualization of rock types of
extreme composition.” ©OSuch is the ccndition of car-
bonate rocks invaded by acidic intrusives.

dHagmatic emenations carrying siliceous
distilldtes may nass through argillaceous or arena-
ceous rocks and contribute 1little in the way of
metasometiism, because from & chemical standpoint the
solutions are more or less in eguliiibrium with the
invaded rock. In the case of ssrborstes, sclution
snd resecticn sre more eacsily elffected and metaso~
matism more readily accomplished.

The clessicel reaction, Cally - 810 = Calilz -CUg
is often set up where silication of limestones is dis-
cussed, The temperature of reaction in dry mixtures
is sbout 500° C. In agueous solutions the resction
proceeds as low as 260° ¢.2 Hest is important insofar

as it affects solubility, but of grester importsnce is

the charscter of the solutions an& the mutual effect

1. Goldschmidt, V. ., Metasomatic Processes in S5ili-
cate Rocks. Econ. Geol., vol. 17, p. 121. 1922,

2. Grout, F. ¥., Petrography and Petrology, p. 396.
MeGraw-Hill., 1932.
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of dissolved salts. Ey such means metasomatism and
silication is accomplished in limestones at consi-
derable distance, beyond the effective reach of
diffused heat.

The work of Ingersoll and Zobell showed
that heat conduction awey from an igneous body
through solid rock is extremely slow. 1t does not
sppear probable from the curves which they construct-
ed or those of Schneiderhohn” thet sufficient heat to
form garnet, diovside, or wollastonite could be con-
ducted through the limestones to distances of 1000~
1500 feet from a medium grained intrusive unless
enormous stores of latent hest and considerable time
sere assumed, Fmanations could sccemplish more in
shorter tisze andé at lower temperatures. In the words
of Lin:dgren "convection outdistances diffusion™ in
heat transfer.

In 811 probsbility, except for s small zone
a few leet in width near the ilgneous contacts, the
temperature in the tactite zone never reached that

necessary to form wollastonite from caleium carbonate

1. Ingersoll, L. R., and ¢, J. Zobel, an Introduction
to the <dathematical Theory of Heat Conduction,
pp. 1286-129, 1913,

2. Schneiderhohn, L., Time-tempersture Curves in Re-
lation to Xineral Association in Cooling Intru-
sions. ZEYcon. Geol.,, vol. 29, p. 473. 1934,
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and silics in a dry mixture. The formstion of wollasto-
nite and other silicates at a distasnce was s result of
the thermal and chemicsl activity of solutions permeat-
ing the rock. The formation of guartz and caleite in
proximity to igneous contscts in association with esl-
cium silicstes is further indication that the tempers-
ture was not sbove the stablility of silica and esleium
carbonate in dry mixtures. The formstion of Quartz
and cslcite in one plsce and wollastonite in snother
was not merely 8 heat problem, but was the result of
the concentration of the pervading solutions, and the
solubility of the substances already present controlled
the metusomstic changes. In no case at Darwin was wol-
lzztonite found in & manner indicsting formation by
reasction from adjscent grains of calecite and gquartz.

Hecrystallization in conjunction with metaso-
matism operated widely at Darwin, but the extent of
such resctions, and in most cases the very existence of
it, was dependent upon heat or meterisls carried by
magmatic emanations which permeated grest volumes of
the Pennsylvenian rocks. Hecrystsllizstion with little
or no metssomatism operasted in argilleceous 8snd arena-
ceous beds and in marmorization of pure limestones near
the contects. In the calcerous beds including the im-

pure limestones which constitute the great bulk of the
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Pennsylvanian strata, metasomatism has egualled or

surpassed recrystallization.

Metasomstism in the Development of the Tactites
Considerable evidence exists thst magmatic
materials rather thoroughly penetrated the limestones
at an early stage and effected widespread but often
incomplete silication. 7The most stiriking illustra-
tion of this is shown on the ridge immediately west
of the Essex and Thompson mines (Plate Xii). Toward
the south end of the ridge & large irregular silics-
tion pstch cuts across & blue gray limestone member
20 to 30 feet in thickness. In the bleached silicate
area the retained bedding and the general structural
evidence is such as to forbid any appreciable volume
reduction and hence recrystsllization slone is ruled
out. Samples were taken along the strike of the blus
gray limestoﬁe at intervals to illustrate the change
into tasctite. Since the original blue gray limestone
is not composed entirely of caleite, but sppears to
be clouded with s small amount of argillaceous im-
purities, it was desirsble to check the petrogrspiic
evidence with chemical analyses. accordingly, two
samples were selected, one from the unsltered lime-
stone snd the other from the white stratified tactite

directly along the strike about 20 feet from the



first sample. ¥rom the persistent uniform nsture of
the blue gray limestions bed to the point of tactiza-
tion 1little doubt exists that it orisinslly continued
into the silicated ares without change of width or
composition. The Tollowing analyses show the changes

of composition in ths two roecks.

Limestone Tastite Tactito Gains and
540, 13,20 40,032 41,33 plus 27 o453
Al:D, B0 8432 6a532 slus 3.03
Po.,03 .35 o57 »53 minus .26
Fal .16 2.43 2051 alus 2,35
%0 1.72 3.20 Sa30 plus 1,53
085 48,10 ala54 40.80 @minus 5.3G
30, 2.81 5.12 5423 slue 2.47
0, 30452 256 2,75 minus 27,77
Totalar  33.55 30,86 103,12

The elkslies, titanium, manganese, and nhos-
phorous were not determinec. recsuse of the incresse
in the specific grevity of the tactite its compoesition
wes recalculated sccordingly to 102.12 per cent. ‘1his
makes it possiile to compare unit volumes for losses
and gains ss shown in the lzst column., 4&side from the
very small loss in ferric iron the losses during sili-
cation were confined to caleiur and carbon dioxide.
The loss of calclum was probzbly sccomplished by
lesching of the calecite. The msjor loss, however, an-
pears in carbon dioxide which was expelled in volumes

approximately egual to the quantity of silica added.
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n addition to the silies, gains are recorded
for ferrous iron, aluminum, magnesium, and sulphur.
The additions of ferrous iron and sulphur are clearly
due to impregnetion by pyrite. sluminum and megnesium
together show gsins approximately egual to the loss in
caleium and they were probably introduced by the mag-
matic emanations which brought in the silics,

The grsy limestone, the snalysis for which
is given sbove, was chosen in the field beczuse it was
unblesched and appsared not to be affected by the
magmatiec emanations., Under the miecroscope it is com-
posed largely ol untwinned calcite forming s hazy
intergrowth of large and small greins. The caleite
is clouded by dark partiaslly opaque material which is
probably largely ksolinitie. <Carbonaceous materiai
nay be present slso. Occasional very small, radiste
groups of wollastonite are present attesting either to
some initisl recrystallization of to introduction of
silica.

#ith the fasintest suggestion of bleaehing
of the limestone, wollua:ztonite becomes more abundant
and numercus irregular grzins of garnet appear. Fy-
rite forms slso at this stsge. Some of the wollas-

tonite takes the form of veinlets which traySTrse

the entire metrix. & very little diopside 1s present.



& peculisr feature of the esarly stages of silicastion
is an increased white cloudiness which gives to the
thin section the appesarance of being irregularly
thick. The chemical anslysis prohibits the cloudiness
being keolin or finely divided ferruginous muterial.

4 strong possibility exists that the semi-opague
material may be amorphous silica. ‘In other loszlities
at Darwin white opal is sometimes seen replacling wol-
lagtonite in hand specimens, but it is difficult to
determine whether this is due to primary carbonated
solutions or toc surficial alteration. Ilowever, in
thin section the white opal looks identical to the
cloudiness under consideration., Jf the cloudiness is
due t0 opasline silics this msy be an indicetion that
silies was introduced in the outer zone of the pervad-
ing solutions st temperatures too low to resct with
the limestone. With increasing silicstion this cloudi-
ness disappears.

In the more highly silicated rock, or the
tactite whose analysis is given sbove, the texture be-
comes distinctly felted and under the microscope wol-
lsstonite is very abundant. Han; of the wellastonite
crystals ere considerably incressed in size. Idocrase
appears. Gernet is incrsssed in size cf grsin and

more sbundant. Uiopside is present in variatle gusn-
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tities in rather smeall crystals. Pyrite is more
abundant. Seattered through some of the felted
masses of wollastonite is a small, scicular and un-
identified mineral with large extinetion angle end
moderate birefringernce.

The occurrence of idocrase with its hy-
droxyl content and sdmittedly of metasomatic oriqinl
lends further support to the origin by magmatic in-
troduections. The existence of irregular silicate
patches across original stratification is the best
evidence of the metssomatic development of the tac-
tites &s a whole.

Veins of calcium silicates are slways good
evidence of transfer of materisl and metasomstism &nd
as mentioned eerlier there ars many sueh structures
in the tsctites. The bulk silication effected by
such veins is, however, not great and they are for
the most part & late stage of tactization. They are
in part restricted to fractures and joint planes in
contrast to the early wholesale tactization which

developed by the rather thorough permestion of the

beds by magmatic emanstions.

1. Uglow, %. &., Origin of the Secondary Silicate
Zones, Icon. Geol., vol. &, p. 23. 18913.
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The preponderant importance of magmatic
emanations snd introductions in the formation of the
tuctites at Derwin is supported znd favored by other
evidences, some of which are less direcet than the
case outlined above. In meny places protuberances
and msargins of the stock sre rather thoroughly gsr-
netized., This minerslization is ol tec types, that
along fractures, and that of irregulsr develocpment in
& considersble mass. he distritution of lime sili-
cate meterials through igneous rock strongly suggests
that circulstion of silicste sclution occurred in the
sediments and was therelfore effective in the silica-
tion process.

The presence of unaltered impure limestones
at or nezr the igneous contacts is evidence that heat
alone was lnsufficlent in many cases to produce more
thap very local recrystallizatiorn. Since emsrations
from or slong an intrusive are nonunifeors in their
extent ard nsture, it is expectatle thst some sedimen-
tary beds would escape impregnation and hence silica-
tion. The evidence alforded by the Cosc batholith in
the south end of the Darwin Hills is a case in point.
along the road to the Promentory mine is exposed an

intrusive contact of the granite and blue gray lime-

stone. The Coso batholith, although many times the
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size of the Darwin stoek, has produced no metamorphism
in this area. Cherty nodules remsin in the unblesched
limestone ohly a few feet from the contact. This is
indeed a striking comparison with the silicate zone
about the Darwin stock which is hundreds of feet in
width., FExamples of this sort are well known and they
strongly emphaesize the importance of magmatic addi-
tions in the development of the silicate zone. fThe
contrasting effect produced by tz:o intrusives on the
same rock at the Crestimore guarries, California is
analogous to the situation st Darwin. 4t Crestmore
the limestone was unusuully free from siliceous im-
purities and surrounding the guartz monzonite por-
phyry large sureoles of garnet, idoersse, and wollas-
tonite are developed clearly indicating the addition
of silica and iron. A4t the seme locality the grano-
diorite hss scarcely affected the limestones.

An unusual type of alteration of the sedi-
mentary rocks occurs on the ridge just south of the
Defiance mine, a4 small irregular stock, about 400
feet in width and 600 feet in length and separsted
¥from the main stock, cuts across the stratified tac-
tites. Harginal to this intrusive is s tactite 2zone,
100 to 20C Teet in width, in which all vestiges of

stratification are gone (Plate XXi). In the weathered
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cuterop it has & decidedly brecciated appearance
{Plate XIII-:). Leyond the "breccia” zone are normsl
stratified tactites. The change from breccisted tac-
tite to stratified tuctite is in most cases rather
sudden. The intrusive rock is very fine grained,
nesrly white, and rather extensively impregnated with
pyrite. Under the microscope it 1is largely a felted
mass of feldspars. Its very fine grain and rather
hazy intergrowth of feldspars makes identifications
difficult or impossible. Twinning shows only faintly
in most of the plagioclase present and the indices
are low so that much of the rock is probably composed
of albite. In some of the coarser and slightly more
porphyritic phases orthoclase csn be identified in
the sections, %The rock is decidedly leucocratic and
is probably either trachyte or lstite. liowever, the
most distinctive festure of the rock, especially in
relation to that of the lesrwin stock, is the lack of
guartz. The tactite breccis forms bold outerops, but
the intrusive largely because of its high pyrite con-~
tent westhers to a brownish mantle.

The lack of quartz may heve significance in
regaré to the obliteration of the bedding in the tsc-
tized breccia zone. From the development of very ir-

regular veins snd genersl impregnation of orthoclase
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in the breccia zone avout this tyve of intrusive it
appears that megmatic materials were introduced in
larye gquantities. The o»rocess was &8 sort of orthoela-
s ization in which 21l of the elements of the mineral
were added. During the orthoeclasizetion, thermsl ac-
tivity ocsused recrystallizstion of the impure lime-
stones peripheral to the intrusion. The simultsneocus
orthoclasization and shrinkage resulting from recrys-
tallizetion of the impurities of the limestone with
the released lirme produced & sort of "collapse” breccis
of the tactite. CSome fluorite is scuttered through
the collapsed tactite attesting to the presence of
mineralizers. The shrinkasge during the formation of
the tactite brececis was in part taken up by the ortho-
clasization and emplsced stock. Tectonic mechsnical
brecciation does not appear tenable as an explanation
of the zocne.

In summary the evidence for the metasomatic
origin of the Darwin tactites is as follows:

(1} Formstion of silicates slong the strike
of a limestone bed without obliteration of stratifica-
tion in such way as to indicste chemicslly and petro-

graphieally that silica was introduced.
{2) Iregegulsr development of tactites not in

direct relstionship to the igneous contact, and the
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presence of unaltered impure limestones near some
contacts.

(3] Lmck of silication ad jacent to the
Coso batholith in comparison to its extensive de-
velopment sbout the Usrwin stock.

(4) Garnetization of the intrusive indi-
cating migration of calcium silicates.

(5) Greater development of andradite
garnet showing inerease in iron adjacent to some con-
tacts.

(6} The presence of such minerals as ido-
crase, tourmaline, apatite, and sphene in the tactites.
Especially the presence of icocrase with wollastonite
in its initial stsses of development.

(7] Veins of caleium silicates such as
wollastonite, garnet, and idocrase cutting limestones
and tactites.

{c] Veins, dikes, and general impregnation

of orthoclase in some parts of the tactite.

fividences of Zoning and Mineral Oeguence

Zoning is not conspicuously present in the
tactites at Darwin., The existence of minersl zones of
metamorphism about intrusives are well known. However,
the best examples of metamorphic zoning are in argills-

ceous rocks, Furthermore, homogeneity in bulk composi-



tion of the country rocks is necessary to establish
¢clear cases of zoning.

At Derwin the igneous contacts generslly
rarallel the stratification of the tactites and hence
no uniformity of originsl bulk composition can be as-
sumed normal to the heat source. The pure snd impure
limestones do not minerslogically zone with the
readiness of some argillites. As a result of the ir-
regular permeation of the country rock by igneous
emanaiions, no uniformity of temperature gradient
existed sway from the contacts.

¥or these ressons mineral zones are only
meagerly developed. However, certain tendencies can
be inéicated: )

(1) Decrease in size of grain away from
contacts and metasomatic centers,

(2} Epidote practically confined to the
immediaste contact.

{2} Darker colored garnet zones adjacent
to some contscts indicesting introducetion of iron into
the lire silicates near the intrusive.

{4} Hedenbergite in place of diopside near
contascts, probably indicating s similar enrichment.

Seguence of mineralization in the silicate

zone at Darwin is difficult to establish and over-



lapping appears to exist in most cases. Hollastonite
is without much doubt the earliest mineral to form.

It is clearly replaced by ldocrase and gernet. Se-
guentisl relstionships between diopside, garnet, and
idocrase do not admit of positive proof. Orthoclase
appsars to {form more abundantly near the contacts
while oligoclase forms at a greater distance and it
appears that oligoclase is indicative of lower grade
metamorphism and therefore rormed esrlier. The para-
genesis of the principsl silicate minersls is asbout
as follows: wollastonite, idocrase, garnet, diopside,
plagioclase, and orthoclase, If this order of forma-
tion is c¢orrect, then it may be observed that the
earlier minerals are the highest in lime and that the
trend is towsrds increased silics and alxalies.' This
is perhaps the expectable itrend in the metamorphism
of a carbonaste rock adjecent to s silicecus intrusive,
and it further demonstrates the metasomstic nature of

the silication process.

ALTERATIOR CF THE ICGREOUS ROCK

The intrusive rocks have suffered considerable
yet varisble alteration paralleling that in the tactites
and in the ore bodies., The alteration minerals fall
into two groups. The earlier higher temperasture group

includes gurnet, orthoclase, diopside, calcite,
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¢linozoisite, and epidote. The second, lower tempera-
ture group includes sericite, chlorite, pyrite, guartz,
Saolin, leucoxene, and jsrosite. It must be asdmitted,
however, that the division between the two groups is
not sharp and proof that some of the minersls in the
two groups did not develop contemporanecusly is want-
ing. In genersl, gsrnet, diopside, calcite, and
epidote are products which involved scme transfer of
magerial, particularly lime from the sedimentaries.
These minerals are common in the intrusive near the
contacts. Thus, in the gqusriz diorite nesr the Thomp-
son mine there has developed considerable calecite,
epidote, and pyrite, the last minersl being clearly
related to fractures. 1In addition, diopside, c¢lino-
Zzoisite, chlorite, sericite, and tourmeline are present
in smeller guantities,

Garnetization Qf the intrusive has slready
been mentioned and this type of elteration is very well
shown in many plsces. In the sill-like offshoot of the
stock asbout 200 feet above the Delisnce mine gsrnet is
abundantly developed., In some places here nearly the
entire rock may be converted to light green, grsnular
garnet. Io other places the garnet is distinetly
devéloped along joinls. snother ares of intense gar-

netization occurs about 300 yards west of the Chrisitmas



Gift mine on the lshn cluim where the ignecus material
nas been almost entirely converted to medium grained,
light brown garneti.

it is @ noticeable lezture that orthoclase
is more abundant iz many of the border phsses and off-
shoots of ithe intrusive. The intrusive near the De-
fisnce mine is guartz diorite, but at the immediste
contact back of the blacksmith shop orthoclase makes
up nearly 80 per cent of the rock. Sometimes this
development o1 orthoclase takes the form of small
dikes or veins which in plsces so permeate the rock
as to lose identity. Where orthoclase forms much of
the rock poikilitic plagioclase, diopside, epidote,
or sphene are commonly present. FPerhaps epildote is
the most common associate of orthoclase of this ce-
currence, The Tormation of the potash feldspar is
roughly correlated with orthoclasization of the lime-
stones.

Gericitization is widespread and sometimes
very intensely developad. In places near the ignesous
contacts the rock is composed slmost entirely of
guartz snd sericite. <Cericitization first begins in
the plagioclase and pseudomorphs of sericite after
plagioclase are preserved in completely sltered rock.

In feeble nlteration awhere only the plagioclase is
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aitacked orthoclase is more or les: ksolinized. In
the more advunced stages, sericite spreads to the
potash feldspar and at the same time gquartz sppesrs
to increasse as though it were a Dby~product of the
sericite. In the Tinal stage sevicite even invades
the guartz {(Plate ZXIil).

idueh leucoxene accompanies the sericitization
process and most of the leucoxeme is an alteration of
a black metallic mineral, inferentially ilmentite.
ascociated with the leucoxene alteration is a small
gquantity of Jarosite. 7The jarosite occurs partly ss
veins éutting all other minerals and partly as grains
intimately assoclated with leucoxene and sericite al-
terstion in aress clouded with kaolin and contsining
minute greins of sphene., The cccurrence of Jjsrosite
intimately associsted with leucoxene and sericite
probably indicstes that the assemblage is of hydro-
thermal origin. Sericitization probsbly represents
a lower temperature, hydrothermal continuation of or-
thoclasization. The orthoclasization, slong with the
development of garnet, tourmaline, sphene, ¢alcite,
diopside, and epidote is best correlsted with the
bulk of tactization. On the other hand, sericitiza-
tion and acceompenying products ars more nesrly to be

correlated with later hydrothermal processes and the

metallization epoch.



Pyrite is extensively developed in the
igreous rocks snd for the most pert is of late
hydrothermal origin contemporasneous with metalliza-

tion.



Plate XXIIIL

Sericitized and kaolinized plagioclass gharac~
teristies of the initial alteration cf quartz
diorite.

Crossed nicols. 40X, HNo. P.a=-1l.

Sericite (s) and guartz (g) in an sévonced
stage in the alteration of the juartz diorite.
Crossed nicols. 40X. HNo. F.a=].






EYPOGENE ORE ANDU GANGUE MIKERALIZATION

The mineralization which gave rise to the
silver-lead deposits at Darwin is shsrply set off
from the silicste minerslization described in the
previous chapter. The silication of the limestones
is conceived as hzving taken plsee during the em-
nlacerment of the stock, whereas the ore snd gangue
mineralization occurred after the formstion of the
tactite zone in subéequent fractures and other struc-
tural loci. uantitatively, the major metalliferous
deposition occurred within the tactites. This post-
consolidation mineralization may be discussed in two

groups: gangue, znd ore mineralization.

14

GANGUE MINERALIZATION

The gangue mineralization consists chiefly
of calecite, pyrite, jasper, and fluorite., In addi-
tion garnet, orthoclase, guartz. hematite, siderite,
and barite are present in lesser guantities. Garnet,
orthoclase, quartz, snd pyrite are deposited in the
above order, rcplacing the guartz diorite walls of
the lLane vein near the igneous contact in Iane canyon.
asgain in the .onder mine 300-4C0 feet from the con-
tact s similsr assemblage 1s to be found replacing
tectite waells and here coarse calcite and fluorite
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are intergrown and directly associated with the ore
minersls., iowever, the occurrence of garnet and or-
thoclase as post fissuring gangue minerals is guan-
titatively of minor importance and in by far the

ma jority of deposits eslcite, fluorite, jasper,
kaolin or pyrite maske up the early formed gangue
minerals. OSpongy and esrthy iron oxides, derived
from oxidation of the jusper and pyrite, are very
closely associated with galena.

& small quantity of scheelite occurs in
coarse caleite with pyrite and chalcopyrite on the
Bruce claim in lane canyon where ore carrying as much
as two per cent tungsten snd traces of molybdenum are
repcroed.

There is s genersl decresse in the grain
size and sbundance of certain of the gangue minerals
with distance from the stock. Ixtremely cosrse cal-
cite in cleavable masses eighteen inches on & side
charascterize such deposits as the Defisnce, Custer,
apd %onder, all of which are at or near the intrusive.
Farther from the contact caleite is finer textured
and somewhat less common, XRose, green, or white vs-
rieties of fluorite, common associates of galens in
deposits near the igneous contscis, are much less

common or are absent at & distance. Pyrite, or
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Plate AXIV

Banded galens (g, with fluorite (f). Eote the
dark seam of anszlesite between the galena {(bvelow;
and the fluorite. Defiance mine.

B

Calena {g) with jasper (j) and cerusite (s) from
the bternando mine.
£X.

banded hematite from the discovery veins south of
the Promentory mine.
£X.
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pseudomorphs of limonite after pyrite, in sizeable
pyritohedrons and cubes are abundant in deposits

near the stock. In contrast, the pyrite in deposits
at some distance from the intrusive is granular,

less common, or absent. Likewise, the early garnét-
orthoclase mineralization is relatively more common
in proximity to or within the intrusive. Jasper,on
the other hand, is universally present, but relstive-
ly more abundant as a gangue mineral in those de-

posits situated some distance from the stock.

ORE MINEFALIZATION

Galena and its aslteration products consti-
tute the prinecipal ore minersls of the district. >Ga~
lena is found in association with sl1l of the gangue
minerals mentioned above and in = few places, as at
Essex mine, it has impregnated and replaced the sili-
cate minerals of the tactite. Cceasionally it is
found replacing igneous rock along fractures. DNot-
withstanding its varied associstions, its dominant
occurrence is in lenticular or tasular depoéits with
éalcite, fluorite, pyrite, or jssper or the oxidation
products therefrom. OSphelerite and to a leaser ex-
tent chalcopyrite occcur with the galena in many

places.
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megasconic Feztures of the Ore

The primary ore is predominantly argenti-
ferous galens and 1t occurs in bunches, lenses, or
tabular veins distributed through the gangue of the
deposits. The gslena varies in texture from fine
grained or steel galena to coarser materiasl in which
individual interlocking crystals may attain one or
two inches in diasmeter. The most coﬁmcn variety is
medium grained and it is often characterized by s
banded texture in which curved cleavage faces are the
rule rather than the exception (Plate XAIV-i}. Nearly
all of the gaslens contains occasional wicsible inclu-
sions of chslcopyrite. In one or two of the deposits
of the district chaslco:yrite and its oxidation pro-
ducts make up the entire ore mineralization. liowever,
as-a fule the guantity of chalcopyrite seen in the
galena 1is small, Sphalerite arnd pyrite are assscciated
in greatest sbundance with gslens, CSphalerite is very
common in parts of the Lefisnce, Thompson, and Inter-
mediate ofe bodies. 3Some of the masses of sphalerite
in the Thompson mine are very coarsely cerystalline
with individu=sl cleavage pieces two or three inches
in diameter. iasses of argentite are reported from
some of the deposits, but none was found during the

present work. Likewise thin sheets of native silver



are reported from seversl of the properties, but this
was probably a secondary product resulting from local
reduction of sllver solutions or silver minerals.

The sulphides are later than the primary
gangue minerals. In polished hand specimens from the
Rip Van Wipkle and the Essex ores small veinlets of
pyrite and galena cutting guartz, [luorite, and cal-
cite can be seen.

In the north end of the Darwin Hills about
one miie northwest of the stock there is an sntimony
prospect containing irregular bunches and rsdiasting
groups of stibnité. Elades three to four inches in
length replace a nmztrix of arenaceous limestone along
bedaing planes and small cross frac;ures. The gtib-~
nite has been largely oxidized to cervantite. Kum-~
erous cavities containing pseudomorphs of cervantite
after stihnite are present. The isolated nsture of
this deposit makes it impractieable to relate it to

the lesd minerslization sbout the stock.

Microscopiec Features of the Ore

Specimens were polished of s8ll of the va-
rieties of primary ores that could be obtasined in
the district. The minerslogy was found to be rather
simple and the paragenesis in =11 of the ores

examined, whether from nesr the intrusive or at a



distance, was essentislly similar. Galena 1s the
latest primsry minersl to form {[Plate XXVII). It
replaces all other minerzls including sulphides and
nonmetallic gangue minerzls slike., It commonly con-
tains numerous inclusions of pyrite, chalcopyrite,
sphalerite, luzonite, a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>