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j ABSTRACT : R
In the Rye Patch area in the west-central part of the Humboldt Range, Nevada, Triassicl %
limestones interbedded with silty layers have been intruded by igneous rocks, the prmcxpal y 1| eC
being a quartz monzonite. The quartz monzonite is surrounded on the north, east -and south bnt

aureole of contact metamorphism. On the western side faulting has cut the intrusion so thata §
metamorphic rocks which may have been formed are not seen at the surface. A long narrow cont | :
zone east of the aureole extends northward a considerable distance.
Metamorphic changes range from recrystallization of limestone to complete rephcemenlb
contact silicates. The contact-metamorphic minerals include garnet, diopside, epidote, clmozozﬁ .
idocrase, tremolite, recrystallized calcite, quartz, and minor scheelite. . :
The sediments are deformed by the intrusion into a small northerly trending arch. Aplite d'l 3
and quartz veins appear related to the arching-and also to the formation of scheelite.

- INTRODUCTION

In the mineralized area accompanying the Rye Patch intrusion, both invading af
invaded rocks are well exposed. Study of such a region should yield informationd
value in the interpretation of the mineral processes responsible for the associatd
tungsten mineralization and at the same time contribute to a better understandiy§
of the stages of contact metamorphism in the Humboldt Range.

This investigation has comprised the study of: (1) the original sediments; (1§
igneous intrusions; (3) contact-metamorphic products; (4) paragenetic sequence s
the contact-metamorphic minerals; (3) reasons for the localization of the metamorp§
ism; and (6) later phases of the igneous invasion—namely, the pegmatitic and hyd
thermal phases, including most of the tungsten mineralization.

Tungsten mineralization along the western slope of the Humboldt Range may};
associated with two granitic intrusions. The Rocky Canyon intrusion, essentiabf:
quartz monzonite {Jenney, 1935, p. 37), lies north and east of the Oreana tungs
mine, while the Rye Patch intrusion, also quartz monzonite, lies about 10 miless

Portions of the summers of 1938 and 1939 were spent in the field mapping pa
of the area in detail. The mineral relationships have been further investigated
the laboratory microscopically, chemically, and by X-rays.

+ The writer is deeply indebted to Professor Paul F. Kerr of Columbia Um\ersm '
who suggested the problem and who has given helpful criticism both in the field ax
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FiGURE 1.—Index map of Nevada
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wih -hosc kind permission the writer stayed as a guest at Tungsten, Nevada; to
M2 Donald W. Davis of Columbia University, who assisted in the field during the
mol 1938; to Mr. Charles Shortino of Rye Patch, Nevada, for information
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C. J. VITALIANO—CONTACT METAMORPHISM

GENERAL GEOLOGY

. T}}e Rye Patch area is largely underlain by blue, thin-bedded, northeasterly sto 'ﬁxin-bedded blue
ing limestones, the prevailing dip being to the west. In Rye Patch Agnes Cany
a roughly oval-shaped area of brownish rock of about 20 acres marks the outcrop
the quartz monzonite here described as the Rye Patch intrusion.

The intrusion has produced two areas of contact-metamorphic rock, separatcd
a zone of .re]anvely unmeta}morphqsed l.lmestone. The' 1."]rst (ff these (calle.d in| The sediments are
paper .tl.ue inner area) contains some tactite an_q recry:stalhzed limestone but is ch Waver thyolite of the
light silicate rock. Itappears to surround the intrusion on the north, east, and so& of those described by
sides but does not outcrop on the western side because of faulting. The second (ca $-30), and Kerr (I¢
the outer area) is linear in outcrop with a trend parallel to the strike of the sedima ulgne,d them to the -
and is situated east of the first area. It is composed more abundantly of tactitelgt g v\ 0y representi
also contains light silicate rocks with appreciable recrystallized limestone. Ginyon a few coiled

Aplite and pegmatite dikes, along with quartz veins, represent later stages of &¢ identification.
quartz monzonite intrusion. Pegmatites are limited to the border of the intrusg The contact betwe
while the aplites and quartz veins are more prominent in the rocks some dxst. B panther Canyon sug;
removed. Some sulphide and ‘tungsten mineralization has accompanied vein fillg] ‘M Rye Patch, part of
and an attempt.is bf:mg made to worli. sulpl-mide:bee.xring veins corlxtzu.nmg siﬁlver ing Kt exposures in othe
Rye Patch Agnes mine. Tungsten mineralization is almost lacking in the immeda wggest the existence -
vicinity of the intrusion, but some <chee11te is found in the quartz veins associated ui ot well exposed. \
the aplite dikes to the northwest. ' . ~ 4 the late Paleozoic,

Two other types of intrusive rocks, whose effect on the limestone has been neglg anics in the lower S
ble in contrast to that of the quartz monzonite, are dlkes of an older metadlontel:i ‘yolite formation as
a younger camptonite. T

The broader structural features are shown on the map (Fig. 2).. In general, 8
limestone and its metamorphic derivatives strike rather uniformly N. 15°E. (¢
and dip 46° to 74° W. Across these dipping beds the surface of the monzon
intrusion, which occupies rougly the center of the map, rises from west to east at T)ﬁmh ‘;Cld and basic.
angle of 12°. : . 4 carliest is a me’

The intrusion is bordered by an aureole of metamorphosed limestone, exceptiont & hrgest and most“imp»
wide near the middle of the northern rim. This wide triangular area coincides we¥: Canyon. Dikes of ca!
an anticlinal bulge in the beds, the axis of which pitches toward the intrusion.

If the surface of the intrusion continued as a methematical plane with the dip '
indicated, the outcrop should continue up the valley.. Since it does not, either & §: : One outcrop of meta
intrusion dips into the hill at a lesser angle or ends here. The recurrence of mes o the Rye Patch Agnc.
morphosed limestone 500 feet to the east suggests that here either the same intruse ' sutheast.  The latter
or an offshoot once again comes close to the surface (Fig. 11). - ‘g5 part of the inner cont:
Near the eastern end of the outcrop of the intrusion, steeply inclined dikes lorf; b cut by later dikes.
off toward the NNE. and SSE., along fractures that essentially parallel the bedsas i - Mineralogically, the
the near-by contact of the limestones and the quartz monzonite. The whole feata & fbeous actinolite, bioti
is too small to warrant speculation concerning its origin other than that the frmu L #2d some apatite, alo:
opened as a consequence of the intrusion itself. A few quartz dikes occupy relau = present in fair amount
directions as do several small faults. : g% milar to that in the
The intrusion is cut off near the western margin of the map by a normal fault lh  Asother facies iscompo

#est of the area. ]
Emestone strata are ¢
tace of magnesium)
xXy members contain

“dips about 45° W. ,_ t1et between folia of ch




SEDIMENTARY STRATA

SEDIMENTARY STRATA

tie:;:r(l‘\asii’ . Thin-bedded blue calcarebus limestones with some intercalated silty beds cover
s S]c outero d mst of the area. Later calcite veinlets are often present. Microscopically the
‘ P%:& katone strata are almost entirely fine-grained calcite (chemical tests show only a
ck, separate db tace of magnesium) with carbonaceous impurities and minor quartz. The more
e ,(called in 58 ‘ l’ly members contain varying amounts of quartz in addition to the carbonate.
ne but is chxd;r"' * The sediments are covered by valley alluvium on the west and abut against the
east. and soud "u\'er rhyollte of the Koipato series on the east. The limestones are a continuation
f;e Sec:md (cald those described by Ransom (1909, p. 31-32), Knopf (1924, p. 29), Jenney (1935, p.
8. B-30), and Kerr (1938, p. 398), in the area immediately to the south. Jenney
{ saigned them to the upper Middle Triassic of the Star Peak formation, on the basis
d 1 fauna representing the Daonella dubia zone. Near the mouth of Rye Patch
.Qzyon a few coiled cephalopods were found, but they were too-poorly preserved
B¢ identification.
. The contact between the limestone and the Weaver rhyolite where it crosses
- hather Canyon suggests that the sediments overlie the rhyolitedisconformably.
& Rye Patch, part of the contact between the limestone and the rhyolite is faulted,
%t exposures in other places immediately adjacent ‘on either side of the contact
st the existence of a slight angular unconformity, although the actual contact
i Beot wellexposed.  Wheeler (1936, p. 394) tentatively assigns the Weaver: formation
.as been ncgli;)—:. t the late Paleozoic, on the basis of this disconformity and on the absence of vol-
metadiorite asd B, anics in the lower Star Peak formation. Cameron (1939, p. 379) classifies the
k. #yolite formation as either Dpper Paleozmc or Triassic.

o
}

s some distang
nied vein filling'
ning silver in
n the immediay;
sassociated with:

INTRUSIVE ROCKS
GENERAL STATEMENT

In general, the’
5°E. (100,
f the monzonite;

est 10 east atan & Both acid and basic rocks intrude the sedimentary strata of the Rye Patch area.

e carliest is-a metamorphosed diorite, exposed in two small outcrops. The
Brpest and most important is the quartz monzonite, found in Rye Patch Agnes

 with thc dip | METADIORITE _ _
5 Not, either the B ; Ooe outcrop of metadiorite is situated about 1300 feet northeast of the main portal
urrence of meweiZ of the Rye Patch Agnes Mine (Fig. 3), and the other lies about 900-feet to the south-
'e same intrusion,; " satheast. The latter is cut on the west by a fault which also truncates the western
: part of the inner contact area. In the south-southeast the metadiorite'gppears to
lined dikes lesd 8! b cut by later dikes. '

llel the beds andi@5: % Mineralogically, the metadlonte is chxeﬂy ohgoclase showing albite twinning,
he whole featug dbeocs actinolite, biotite, and magnetite. Small amounts of sphene, epidote, zircon,
hat the fracturs aad same apatite, along with infrequent interstitial quartz which locally may be
S occupy relaly . grwent in fair amount, are accessory. “The amphibole (Fig. 4A) occurs in sheaves
: sadhir to that in the metadiorite of the Rochester district (Knopf, 1924, p. 31).
iormal fault t!n ) A.‘Iplbﬂ facies iscomposed of quartz and feldspar grains averaging 0.02 mm. in diam-
#z between folia of chlorite. In all sections the schistosityis very marked (Fig.4B).

L i L ae s ST prepprt At gy o
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928

character and connected it with the Triassic igneous activity. Kerr (1938, p. %6

and Jenney (1935, p. 30) described rocks of the same type from the central Hum
‘Range, just south of Rye Patch. :

FIGURE 4.—Metadiorile phases

A. Maculose pbase:—quartz, white; oligoclase, spotted; actinolite, sheaf like aggregates; biotite, dashed
magnetite, black. X 15. ' . :

B. Schistose phase:—chlorite, lath like grains; actinolite, sheaf like aggregates; quartz and feldspar, una
epidote, black. X 15. T ’ ’

Dijagrammatic sketches from microscopic field.

QUARTZ MONZONITE

" The quartz monzonite is light-colored, ‘medium-grained, composed of g

feldspar, and mica.  Orthoclase; oligoclase, microcline, and microperthite make

most of the rock. Myrmekite and free quartz occur in anhedral grains. B
and some accessory minerals—sphene, apatite, magnetite, and pyrite—complete 8
mineralogy. The biotite occurs in well-developed grains averaging 5.0 mm. in lerg?
and showing marked absorption—(X) colorless, (Y) dark green, (Z) dark g

Both sericitization and carbonation of the feldspars occur along fractures, w43

biotite grains have been slightly corroded. The following is an analysis of this
determined by the traverse method:

Oligoclase
Microperthite
Orthoclase

Magnetite. .. ..
Mauscovite
- Sphene. ...

Jointing is well developed in the northeastern part of the intrusion: The jn
fall into two patterns: one ‘set strikes N. 25° E. and dips 48° ESE., and the
strikes N. 70° E. and dips 65° NNW. Near the northern edge of the intrusion p
some small aplite dikes parallel the latter set of joints. :

)

ARRAT L.

'
1
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INTRUSIVE ROCKS 929 -

S(;x;tgmor;h ¥ e quartz monzonite has been intruded into the limestone strata. - At the eastern
tral H’ p- 3% g of the limestone the contact can be seen in numerous exposures and conforms to
ral Humbol & bedding of the sediments (Fig. 5). The western contact is obviously faulted, as

: "lu{dted by the existence of a crush zone (Fig. 5).

A
‘ ‘A
/\,
A
e | |
o B . Ds o -1
iotite, dashed hum / /""“"'7 Al 2 T AN
cldspar, uncoond PR, 1
feldspar, unccled. "' . A N A A
TS
SCALE

sed of quarg§

. FiCORE 5.—Diagrammalic represeniation of the weslern contac% of the quarts monzonite
‘thite make Q - The crush zome and the zoné of silicified monzonite are shown
rains. Bioty ‘ :

—complete te §. - Exposures on the northern side of Rye Patch Canyon clearly indicate that in the

ractures, whiy J ®acturing of the competent beds and drag folding of the incompetent (Fig. 6). The-
sis of this red E sewmsion of the arch northward is believed to be due to the continuance of this
AEke character of the intrusion. o :

. A petrographic comparison with the Rocky Canyon intrusion about 10 miles south
"o tis area shows that the Rye Patch rock is finer-grained, more compact, and con-
¥ iz a little more biotite than the former, but otherwise the two appear to be sub-
”_&azhﬂy the same. DProbably both-extend downward to the same granite mass.
"B the Rye Patch area, the lack of Mesozoic sediments later than Middle Triassic
" $miny the quartz monzonite to post-Middle Triassic. ;. Unless positive evidence to
¢t contrary can be established, it is reasonable to assume that the quartz monzonite

Sekiegs to the same magmatic epoch as the widespread intrusi_ons of western Nevada.
Theve, according to many different investigators,! are probably post-Jurassic.

on: The )oxﬂ”
and the o!i

- 9 Conadeeback (1904, p. 318); Spurr (1905, p. 133); Ball (1908, p. 42); Diller (1908, p. 90); Lindgren (1915, p. 14); Knop{
9 p 1); Kerr (1934, p. 14); Jenoey (1935, p. 47); Ferguson and Muller (1936, p. 394); Gianella (1936, p. 43); Kerr




C. J. VITALIANO—CONTACT METAMORPHISM

o APLITES _ “§. areas. It is

The aplite dikes either fill joints or occur at random throughout the quartz ma- Rye Patch, .
zonite. They vary in width from 1 inch up to 1 foot. Aplites also occur about hif- into pegmati
a mile north of the intrusion, where they reach 23} feet in width and where they ha; Into a quarts
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. SCALE IN FEET ‘
" FIGURE 6.—Section along north wall of Rye Paichk Agnes Canyon .

Showing local arching of the overlying limestone beds over the intrusion. Note the conformable relation betwees
limestone and the intrusion which probably exists only in the upper reaches of the igneous mass.

_invaded and altered the limestone. Here tungsten mineralization has resulted »
late phase of this invasion. Sill-like aplitic layers occur intercalated with the li

stone immediately below a scheelite-bearing quartz vein and across the crest of &
structural arch; :

Quartz, orthoclase, microcline, oligoclase, and some microperthite make up e “"h{";h 8‘10;5_
: @ebal, with gmall §

: Sauly bnto the solid
sional muscovite. The texture is medium- to fine-grained.

PEGMATITES | "In many pla

Quantitatively, the pegmatite stage of the intrusion at Rye Patch has not bedy A'¥8 mapped
extensive. Unlike' the aplites, the pegmatites are restricted to the immeds W.jcnncy (
vicinity of the intrusion. They pass downward into the quartz monzonite, “ltﬂ_mlc. 'Thc
upward into quartz veins (Fig. 7). The passage of pegmatites into the poef Farch Mine—
magmatic body, into quartz masses, or into aplites has been reported from
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s, It is particularly characteristic of the Humboldt Range (Kerr, 1938), At
the quartz mos:§ Bye Patch, an excellent exposure shows the transition from the quartz monzonite
sccur about ta§ § ¥ pegmatite, which in turn becomes more and miore quartz-rich and passes finally
where they ha § 2 quartz vein; the entire change is accomplished within 25 feet (Fig. 7).

QUARTZ VEIN

9l i

PEGMATITE

+
AT
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y//}’
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A
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SCALE IN FEET

Ficure 7.—Pegmatile relations

e detch thows the gradation of pegmatite into quartz above and into quartz monzonite below.  This change is very
el vith tmall isolated patches of the new phase appearing first. These grow more numerous and larger, and pass
Boldy mte the solid mass. =~ . . :

: make up motl:
siotite and o

LAMPROPHYRES

‘Bt many places basic dikes younger than the quartz monzonite are found. In the
#28 mapped these have been found only in limestone. Immediately south of the
g Jenncy (1935, map) has shown these same dikes cutting the Rocky Canyon
m&e The dikes are nearly always vertical and in some cases—e.g., at the Rye

the immed
monzonite,
nto the

Pech Mine—they follow fault planes. Their width never excceds 25 feet. In.

PR S O

e A Tg s A S €8 A




932 C. J. VITALIANO-—CONTACT METAMORPHISM

minerals are patchy in distribution, idocrase generally being the most a Patch Mine w
(Fig. 8). ‘ : " EERuthe form phenoc

An east-west line, drawn just south of the Rye Patch intrusion, divides these§ frered to by Rans
rocks into two groups: Those north of this line contain hornblende and biotite, §

7/
7

27 LIGHT SILICATE ROCK

X Jowe

10 20 FEET

.

FicoRE 8.—Contact metamorphism around lamprophyre dike S

Pace-compass map showing contact metamorphic phenomena produced by the intrusion of lamprophyre iate to
stone. Occasional masses of idocrase are developed. :

south of it biotite alone. The remaining minerals are the same. The feldgae

andesine (n, = 1.549, n, = 1.538), optically positive, showing excellent zona!

velopment and twinned according to both the albite and pericline laws (Fig

"It and the ferromagnesian minerals 6ccur both as phenocrysts and i the groundms

Occasionally these mincrals occur in two generations of phenocrysts (Fig§

Magnetite is the most prominent accessory mineral. Hydrothermal alteratioa

caused sericitization of the feldspar; carbonation of the feldspar and amphibole, s fwamorphism: (1)

chloritization of the biotite and amphibole. Various stages of alteration may be whlespread,—the fo
the extreme being carbonate pseudomorphs after andesine and hornblesigs; sages of contact me
Weathering has oxidized magnetite to-limonite, particularly along fractures. g5 Weenféls. The role ¢
view of the mineralogy .it seems proper to classify these rocks as hornbahi Byt Patch area .h.as
lamprophyre and mica lamprophyre, respectively. - &y erars without silica

Thin sections of a related dike rock occurring to the south near the portalof¢

T
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INTRUSIVE ROCKS

it abundn X8y Patch Mine were compared with those in the area mapped. Andesine and
1§ betite form phenocrysts in this rock, while hornblende is absent. This dike was

s these & ®erred to by Ransome (1909, p. 44) as.a diabase and mapped as such by Jenney

iotite, thae § {5, map). ) ] :

¢ into the Lap

Fi1GURE 9.—Hornblende lam prophyre

. Asdaine, colorless or twinned; hornblende, cross-ruled. “The dotted area represents very fine-grained groundmass in
feldspar b ohad some glass is present. A veinlet of later quartz traverses the rock. Diagrammatic sketch from microscopic field.

t zonal de
s (Fig. %
‘oundmas.
- (Fig- %.§ :
sration ke § 7 The intrusion of the quartz monzonite has resulted in three types of contact
1ibole, and § - &ctamorphism: (1) the recrystallization of the original limestone; (2) the most
ay be sees, §. 9iespread,—the formation of lime-silicate rocks, believed to represent the higber
ornblendy § n{cs of contact metamorphism in the area; and (3) a slight development of calc-
tures. b § Ysrwlels. The role of the Jamprophyres in the contact-metamorphic history of the
wrnblend § : Rye Patch area has been negligible.” Recrystallization of the limestone sometimes
- segurs without silicate mineralization, but the formation of silicate minerals requires
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CONTACT METAMORPHISM
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FIGURE 10.—Sketch ma p showing distribution

Tactite occurs in the northeast portion of the area, an
passes on the west into marble, which in turn grades into

of rock types in outer contact area

d grades westward and southward into light sificats rock.
unaltered limestone.

mately three-quarters of 2 mile. Between this and the inner area lies a strip of &

stone about 400 to 600 feet w

ide, which is unmetamorphosed except for a fex
lenses of calc-hornfels. ‘ :

RECRYSTALLIZED LIMESTONE
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estone are scattered throughout the
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on three sids. § - sides of the intrusion. Two limestone pendants in the extreme northern part of the
utheast of the § “ intrusion (Fig. 3) bave been almost entirely recrystallized.” ' In many instances, the

i for appros-

e

inthe three layers is fine-grained, averaging about 0.02 mm., and is composed largely .

rea
ficate rock. Thh

strip of lime
r 2 few this

.

mt the Rye ¥
nd southera

" marble comes into contact with the igneous rock. In the outer. contact area, the
porthwestern margin is bordered by a band of marble about 300 feet wide.

. Mineralogically, the marble is composed of irregular interlocking calcite grains,
which vary in size' depending upon the location of the rock, growing coarser toward

~ the intrusion. Locally a few grains of silicate minerals, generally diopside, are
sattered throughout the marble. The contact with almost pure limestone on the

one side and the increase of silicate grains toward the main tactite mass on the other
side suggest that these are the result of introduced mineralization. ,

Umpleby (1917, p. 66) raised the question of time continuity between marmoriza-
tion and silication. He states:

“Whether or not there was a distinct break between the two stages is not definitely determinable

from the available evidence. ... It is the opinion of the writer, however, that two separate and
distinct epochs of magmatic emanations are represented. . ..”

At Rye Patch, however, the evidence seems to indicate little time between the two
processes. This is especially apparent in thin section, where unaltered areas of
limestone grade into contact silicate rock. In each instance studied, there is a
distinct zone of marble between the unaltered and the silicated limestone. In some

ases this zone is only 0.02 mm. wide, but it is invariably present. Evidently the:

advancing wave of contact silicate mineralization recrystallized the limestone at
kast at its front, and sometimes for a considerable distance in advance. |

CALC-HORNFELS

Three layers of a brown, sugar-textured rock are observed in the sediments in the
wne between the contact areas. * These range from 6 to 20 feet in width. The rock

of highly interlocking quartz and orthoclase with some calcite, epidote, and diopside
in prominent fine-grained aggregates, accompanied by needles of actinolite, occa-
sional grains of idocrase, some chlorite, antigorite, and a little sericite. The entire
mass has been fractured, and later epidote, pyrite, and carbonate were introduced,
while 2 definite quartz vein traverses one layer. - ‘

SILICATE ROCES

Inner grea.—In the inner area, well-developed masses of contact-metamorphic
silicate rocks occur on the north and south sides of the intrusion. In exposures on
. the eastern side they are present but are not developed so extensively. At this
“contact the sediments lie conformably beneath the igneous rock. This fact may
" bave restricted the upward spread of the metasomatic agents (Fig. 11).
At the western contact, however, no exposures of silicate minerals occur. -The
limestone here is composed almost entirely of unrecrystallized carbonate and some
arbonaceous impurities, with a few scattered grains of diopside. Similar limestone

occurs north and south of the intrusion and at the outer edge of thesilicated area.’
.. Underground, the lower workings of the Rye Patch Agnes mine cross this contact.

“Ia the main tunnel, the limestone is separated from the quartz monzonite by 2
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. be attributed to faulting rather than to selective replacement of the limestone. T
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prominent crush zone and a zone of silicified quartz monzonite (Fig. 5). A dif
northerly from the main.tunnel on this contact is reported to have encountered sim¥| #ocrase, feldspar, fine-
material along its entire length, some 75 feet, but the caving of this drift preven
verification of the report. A similar, though smaller, crush zone can be seen at
western margin of a small quartz monzonite satellite area about 500 feet direc

fEH TACTITE
5777 LIGHT s
MARBLE"
B LIMESTO®
3 SILICIFIED
] QUARTZ

w

m

CALC-HORNFELS

ALLUVIUM
AR,
Z

ANNANAANAANNAY

FiGURE 11.—Section along north wall of Rye Patch Agnes Canyon

. Showing the exposed relations of the virious rock types and their probable continuation in depth

south of the tunnel. The alignment and comparable attitude of these crush 2o
indicate a continuous fault. ,
The absence of more strongly silicated limestone at the western contact this ms;

Ficure 12.

" Vhewing gradation from t-hc H
M), which are found on the u;

silicification of the quartz monzonite along the fault without any corresponés]
alteration of the adjacent limestone indicates post-hydrothermal movement.

The highest stage of contact metamorphism is represeénted by tactite, whid kl+ emeditions, Associate:
mainly a medium-grained, grayish, compact rock, composed of epidote, garnet,ss 5_===ﬂlnnc up to 15 feet
diopside accompanied by a few accessory minerals—feldspar, quartz, sphene, . The light silicate roc!
apatite. At two or three scattered localities limited to the southern boundary €; 5! a broad band in the
the quartz monzonite, coarse epidote and garnet occur. In one of these locali (o
some scheelite has been found, but on the whole tungsten mineralization is absent
this zone. Occasional monomineralic masses of epidote or garnet, up to 6 inche
diameter, are encountered. Remnant masses of original limestone up to 2 « &
inches in their largest dimension are encountered in the. tactite of this area. The)
still retain the grain size, bedding, and carbonaceous impurities of the sediments &
are always rimmed by marble. o ‘ : _

The light silicate rocks are usually composed of idocrase, light-colored g2
fine-grained epidote, and diopside, with some quartz and orthoclase. No defzd
boundary can be drawn between these and the tactite. In a few places, widd:
scattered segregations of idocrase or tremolite are the only evidence of the B
silicate zone. Unmetamorphosed remnants of limestone were not found in the
silicate rocks of this inner area. - - - -

Outer area.—On the whole, the same types of contact-metamorphic silicate rod
are represented as in the inner area, but they differ strikingly in areal distribu
The tactite is more limited in extent but mineralogically it is similar to that of 4
inner area although the texture is slightly coarser. On the south and west it s
into the light silicate zone (Fig. 10). :
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The light silicate rock in the northern pait of the zone is composéd‘of diopside,
idocrase, feldspar, fine-grained epidote, and some quartz, while in the southern part
of the zone tremolite and recrystallized calcite predominate, The decrease in the

extent of silication to the south seems to indicate gradation to lower-temperature

w
(B TACTITE ‘
LIGHT SILICATE ROCK /
MARBLE :
B LIMESTONE t
EZ<) SILICIFIED ZONE s
] QUARTZ

E

™
RENE

1.
X - .

0 200 - 400 1600

1

FEET
Fioure 12.—Cross section through outer contact sone in South Panther Canyon

Showxng gradation from the silicified zone in tactite, existing at the bottom of the canyon into quartz veins (solid
Bhack), which are found on the upper walls of the canyon.

 onditions.” Associated with the tremolite marble are remnants of unmetamorphosed
. limestone up to 15 feet long.

The light silicate rock passes on the west into recrystalhzed limestone, which occurs

_ina broad band in the northern part and grows narrower southward (Fig. 12).

~ CONTACT METAMORPHIC MINERALS AND PARAGENESIS

" Contact metamorphism involves, first, rising temperature and increasing amounts
of volatile matter from the magma, until each reaches a maximum {but not necessarily

* both simultancously), followed by a gradual decrease in temperature and emanations

8 the mass cools and crystallization progresses. Assuming the composition of the

_emanations to be nearly constant during a contact-metamorphic period,”lower-
- Wmperature minerals would form first and would be replaced by higher-temperature
 forms until the maximum had been reached; then these would be replaced by lower-
:,",ltmpcrature minerals as the temperature fell.

spemes that were formed during the rise of temperature, but in other cascs irreversible

. Pactions would prevent the reappearar.ce of minerals replaced during the period of

. reing temperature. Fluctuations in temperature and in the character of the' emana-
" tions would introduce additional complications.

In any case, the descending order
of minerals would be more clearly preserved, while the evidence for the ascending

' keries might be entirely obliterated. Furthermore, the age relationships would be

parely relative, since minerals of -different temperature ranges might form <1ml.l-
hncously at different locations.

Some of these might be thesame

e ar N, 804
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At Rye Patch, evidence for the complete paragenetic sequence is Iackmg P Erpote (aND CLi
able relationships are as follows: - . ‘mocs at Rye Patch,
GARNET: Garnet is much more abundant in the inner area than in the outsfE: estact, where it is th
Although generally medium- to fine-grained in the former, some masses up to 2 cu '
inches across occur. . In the outer area, only the finer-grained variety is found. Th.
mineral is typically reddish in hand specimen, and two different varieties may b
distinguished when examined under the microscope—a massive brownish form,#
part anisotropic, probably andradite,.and a colorless, wholly anisotropic variety
probably grossularite, which occurs as veinlets in the former. About 10-15 per ces
of all the massive garnet found at Rye Patch is truly anisotropic. This occurs oo}
in two places—the one in the inner area, near the southern contact of the intrusia
and the other and larger in the northeastern part of the outer area.

It has been abundantly shown that garnet developed in contact—metamorph
lime-silicate zones, as a rule, contains several different molecules. The garnet¢
Rye Patch is similarly complex. Chemicaland modal analyses of the purest aval]ah
‘garnetiferous tactite gave the followmg

Ficure 13.—Gar:

Carset (G) transected by q

Almandite. ................. [ o8 Mnmmuuc sketch from

Grossularite................ -

The veinlets of colorless garnet indicate fracturing before the completion of ts §
garnet stage. In addition, more fracturing occurred in a post-metasomatic stagt
for the garnet is transected by later veinlets of hydrothermal epidote as well as quars

-and still later carbonate (Fig. 13).

Diopsipe: Diopside is common at Rye Patch, where it occurs in all phases of t
contact-metamorphic rocks and as a reaction mineral in the border phases of th
quartz monzonite. Not very striking in the hand specimen, it appears microscoe §
cally as anhedral to euhedral colorless crystals, varying in size from extremely smul § ..
particles to grains 1 millimeter long. Cleavage is well developed,and Z A ¢ is slighth .3: e s (@ often occur
less than 40°.- The indices of refraction are: n, = 1.670, ng = 1.677, n, = 1.4 § R
(diopside 92 per cent—hedenbergite 8 per cent). - . .®2 coarse, while the ¢

Ordinarily the diopside is closely associated with garnet; epidote, and 1docmt eaatact area, epidote ¢
Often veinlets of diopside transect the garnet (Fig. 14). In view of its widesprat ated with garnet and «

" occurrence, diopside probably began to forni before garnet and certainly ended afie {nrcly, up to 1 foot).
garnet. Veinlets of epidote cut the diopside. - -~ . : # wcll as in the tactl

Diopside also occurs as scattered grains in relatively unmetamorphosed limeston B2+ epsdote (X, colorless;
associated with a narrow rim of recrystallized calcite.. Here, it probably represesy gmet, feldspar, early
the recrystallization of scattered original impurities in the limestone. Coarse radat § tainncd parallel to (10
ing aggregates of diopside were obtzined from a ledge in the northwestern part of l!z a3 finc grains in linear
inner contact area (Flg 15). - armas contain later ve
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ing. Prob - EripoTE (AND CLINOZOISITE): Epidote is widespread in the contact-metarhorphic
/& " wnes at Rye Patch, and it is also found in the quartz monzonite itself near the
_the outer. § contact, where it is the result of endometamorphism. The grain size varies from fine
p to 2 cubic :
ound. The
Jes may be

sh form, in
pic variety, :
~-15percent ' §
occurs only - §
1€ intrusion,

netamorphic
e garnet at
est available °

) 5 FIGuRE 13.—Garnet in tactite Ficure 14.—Garnet and diopside in tactile
Per cent ;

Ak 3 C.;ch (G) transected by quartz (Q) and later calcite Showing garnet (G) transected by diopside (D), and di-
9.47 ) . Diagrammatic sketch from microscopic field. X 15. opside inclusions in the garnet. Later quartz (Q); calcite
11.36 R : - (C). Diagrammatic sketch from microscopic field. X 15.
. 2.38 . ‘
29.50 e
0.51
1.17 -
0.22 i SRR
0.36 :

. 100.01

ation of the § -
natic stage, § -~
:llas quartz

(aril A

hases of the
12ses of the
microscopi-
=mely small * , ) FIGURE 15.—Radiating aggregates of diopside
cis Shg]’lll)‘ *o“sf:‘zxﬁ-lxnf;éf)) often occur at the centers of radiation. Interstitial calcite (C). Diagrammatic sketch from micro-
n, = 1.698 §: : , . ,
" § - @ coarse, while the crystals are anhedral and distinctly pleochroic. Inthe inner
'_"' eeatact area, epidote occurs only in the tactite, ranging from irregular grains associ-
ated with garnet and diopside to pure concentrations averaging 6 inches in diameter
farly, up to 1 foot). In the outer contact area it is found in the light silicate rock
‘¥ well as in the tactite. In the tactite, the medium- to coarse-grained plecchroic
_gadote (X, colorless; Y, green; Z, pistachio green) is closely associated with diopside,
-pmet, feldspar, early and late calcite, and a litile quartz. Occasional grains are
L_hiﬂned parallel to (100). In the light silicate rock, epidote is almost always present
# fine grains in linedr arrangement. In addition to the granular type, both contact
s contain later veinlets of epidote, ’ '
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940 C. J. VITALIANO—CONTACT METAMORPHISM

The mutual boundary relationships suggest that the granular epidote rep
diopside and garnet and is in turn replaced by idocrase. The vein material, howe
is definitely later than the feldspar. Epidote therefore seems to have been fors
either in one long period which probably overlapped diopside and garnet dunng
contact metamorphlsm and continued into the hydrothermal stage, or in two di
stages, one purely contact metamorphlc, the other hydrothermal. Epidote
times occurs as a zone between grains of recrystallized calcite and feldspar. | '
" must have been formed soon after the introduction of the feldspar, as a reactioa ig
between the latter and the carbonate. Later fracturing and alteration have aff
all the epidote, as seen by the quartzand carbonate veins whlch transect and inx
instances replace it. o
CLINOZOISITE is- npt common. It is rather rare in the inner area, but is eef
abundant in the-outer. Prismatic grains, often 2.0 mm. long, show the weak
fringence (0.01) and positive ‘optic character which distinguish this mincral
epidote. The clinozoisite is commonly associated with true epidote and dio
Colorless, nonpleochroic clinozoisite sometimes rims epidote. The iron conted §
the emanations must at one time have fallen too low to permit the continued f
tion of epidote, and clinozoisite formed instead. :
TremoLITE: Fibrous tremolite occurs as a contact mineral in association ¥
recrystallized calcite, forming a tremolite marble in the southern part of the ol
area. Intheinnerarea it sometlmes replaces diopside and, more often, coatssk
metamorphosed limestone. . : : o
The relative age of the tremolite is obscure, since a few grains of epidote
_orthoclase are the only other such minerals found in the tremolite marble; butlg
presence in the zone of weakest metamorphism suggests that it may have fo
there early, possibly before the anhydrous minerals were developed in the inner
tact zone. According to Bowen (1940), it is characteristic of the lower-tempens
stage of metamorphism. Radiating sheaves of tremolite of similar origin are fo
just north of Panther Canyon in silicified limestone. ;
ScHEELITE: The small amount of scheelite found in the tactite zippears to ke
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“formed in a rather short period along thh garnet, diopside, and epldote 3 Thcun:l.lt.cr(‘t
continuing after the epidote. o lmpu.rmcs a

Inocrast (VEsuvIANITE): Idocrase in cuhedral elongated crystals is uniforsf? 2 mhslnvolw.
distributed throughout the light silicate rock of the outer area. In-the inner sl of the recry S““‘l
it occurs largely in brown clusters varying up to 2 or 3 fect in their largest dimensi sacs “’.‘-h‘“‘“ I
In this form it is found also in contact with the basic dike rocks and generally is 4 of diopside s
only contact-metamorphic mineral formed by t]lcse rocks. Identiﬁcation ‘&'.0‘ 1l\c. orn:
confirmed by X-ray diffraction patterns. ﬂf‘“‘d\ldmg ‘:

The houndary relations with epidote indicate that the 1docrase was the Rs account for .

The assemb!
ﬂzmlna iron ¢
tiepten, fluon
Save been add

mineral to form. Tts absence in the tactite seems to show that it was not fo
‘during the period of highest temperature, but it may have been deposited in the ca
period of rising temperature, as well as after the epidote.

WorLasTonITE: Wollastonite is not common in these contact-metamorphic
Thin-section examination shows a colorless lath-like form which is, at lcast in pa
definitely late, since it replaces dippside, epidote, clinozoisite, and idocrase. X4
dxffractmn patterns were 1dent1cal with Lno“ n wollastonite.




CONTACT METAMORPHIC -MINERI\LS

ote rcx)hm . 8 &u:ma The simplest, probably the earliest, change resulting from the. intrusion
ial l,o“ﬂu‘ ol the limestone by the quartz monzonite was the recrystallization of the calcite.
been formed’ @ M8 is indicated by the occurrence of recrystallized calcite at every boundary
t during b ] kn:n unaltered limestone and silicate rocks or mineral grains. The last feeble
two distieet ¥ t aqeession of contact metamorphism might also have been simple recrysta]llzatxon of
sidote wmh‘. &alcxte.
ar. Herek® Am'm: occurs in the inner area in small euhedral crystals not more than 0.05
reaction ml' um length. The crystals usually consist of a brownish core, surrounded by a
ave aﬂm,.g d:ﬂcss rim, and are generally associated with sphene, cpidote, and orthoclase.
,hmc was not noted more than 5 feet from the contact and then only in the nexgh-
¥ krdood of the pegmatites.
# SIKE\E also'occurs in the 1 mner tactite near the quartz monzonite- limestone con-
M and, like the apatite, only in association with pegmatite. It is always found in
mlleuhedral grains which show pleochroism. (‘( colorless; Y brown; Z, brownish
‘#f). The small crystals of apatite and sphene occur in a matrix of quartz, feldspar,
content d ni arbonate between the larger grains of diopside and epidote. Their definite
wed forms.: B, Wociation with pegmatite seems to limit both minerals to this stage of igneous activ--
' Iy; but there is no reliable evidence for their exact place in the sequence with

and in some, 3

but is moee
: weak bire
iineral from

A
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iation with:@ ®spect to the other minerals, which undoubtedly were forming over a longer period,
f the outey ‘J Bduding the pegmatite stage. The apatite and sphene are carlier than most of the
ats slightly § Hi&par and quartz, however.

& Frsear (orthoclase and microcline) and QuarTZz are mterstmal to the lime sili-
:pidote and mz minerals and in veinlets traversing them. Their formatxon seems to have been
ble; but jts - ‘hngmﬁcant until the pegmatlte phase.. The quartz becomes more prominent in the
ave formed. "bdmlhcrmal stage. , ) ‘ -
2 inner cop CHEMICAL CONSIDERAT]ONS
emperature §.

. Although suﬁiaent chemical data are not at hand to permit an accurate quantita-

1are. found'

e estimate of the changes occasioned by the metamorphism in the area, an approxi-
gate idea may be obtained by mineralogical examination. »
N ‘The unaltered limestone contains, in addition to the calcium carbonate, carbonace-
' munpurltles and some quartz. Magnesia is present only in traces. Recrystalliza-
.0 has involved chiefly the elimination of the carbonaceous impurities ; examination
“of the recrystallized limestone indicates an absence of the myriad tiny opaque inclu-
Mozs so characteristic of the original sediment. The formation of scattered grains
-'od Gopside may in part be attributed to the recrystallization of lime, magnesia, and
- 9a of the oiiginal rock. = With the quantitative increase of silicate minerals toward
Mmcludmg the tactite, addition of material from an ou tSIde source must be sought
B sccount for all the substance nceded.
P> The assemblage of minerals in the silicate zone reqmres the addmon of silica,
¢ shmina, iron oxides, some magnesia, a little manganese, titania, chlorine, phosphorus,
wspten, fluorine, and water. It may be concluded, therefore, that these substances
hw been added to the sedimentary rocks from the intrusion in the process of contact

irs to h:\w 2

inner area,

rally is lbt"
cation wa

phic rocks
15t in pat, mmoxphlsm. At the same time, carbon dioxide was driven off.
se. X-ny :Tbe preservation of original structures of the sediments points to the retention of

'{ém vo)ume practically intact. In many instances, especially in the outer area, the
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“explained in several ways. No single factor can explain all the phenomena; b

‘and the amount of quartz in the igneous rock. The small size and the uniformity:

ward (Fig. 10). ' In the north, silication is much more extensive, and the variety:

942 . C. J. VITALIANO—CONTACT METAMORPHISM

original bedding and the attitude of the former sediments are preserved even inOe& gw s - tremolit
tactite. Splendid examples of this phenomenon may be observed in Panther Canggt' s, marb,lc zone it
and south of Agnes Canyon. In the latter locality, remnants of limestone occurdgs; gadation from st
the light silicate rock, and the beddmg passes undisturbed from the unaltered Gy

cht siicate B eeanted for by inc
into the silicated mass. § . vords, to the sou

In the inner are
et marble succe
® the quartz mon
tisa, it becomes fi
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‘g¥gration (Barrel’
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‘#4va of metamorp
B¢ dip and strik:
‘Meleved due to U

LOCALIZATION OF METAMORPHISM

The distribution of rock types in many areas of limestone contact metamorphs
may be summarized by the following typical statement: “Certain beds retain n
their original texture and composition close up to the {intrusion], while others
obviously altered for long distances from the intrusive contact” (Ransome, 19
p. 84). The following relations are found at Rye Patch, where the dlstrrbutxon
metamorphrc rock types is similarly complex:

(1) Two large areas of metamorphic rocks separated by a zone of hmestonc
metamorphosed except for— '

(2) Three layers now completely changed to calc-hornfels

3) A definite zonal arrangement of silicate minerals and recrystallized lrmes g
in'the outer area. )

" (4) Trregular distribution of the metamorphic rocks of the inner area.

(5) Smallscale local alterations of the metamorphosed and unmetamorphosed be
near the intrusion.

(6) Unmetamorphosed limestone in contact with the quartz monsomte fora
500 feet at the southwestern border of the intrusion. ;

The extreme irregularities encountered in limestone contact metamorphism may

The influence o
asd Larsen (1920
mensive fracturc
-Variation in por
ment. Lindgren

.#% more suscept!
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byers now compe
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‘aenration, igneou:
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probably several have operated simultaneously. Some of these factors and
bearing on the problem at Rye Patch may be summarized as follows:

(1) Composition of the magma. Lindgren (1904, p. 520) states that at Clifts
Morenci there seems to be a direct relation between the contac't?metamorphi'c e

the Rye Patch intrusion would rule out composition of the magma as a factor.

(2) Distance from the intrusion. All other things being equal, the intensity of 6
metamorphism should be greater nearer the intrusion. At Rye Patch, the distrd
tion of the various metamorphic facies in the outer area may be ascribed to dists
from the source of heat and emanations, but the inner area, while reflecting the izh
ence of distance, requires an addrtronal explanation for the less regular arrange .
of metamorphic products.

The second belt of metamorphosed limestone, the outer area,—similar in its
plex character to the inner area but showing well-defined zoning—suggests thatg

ot products of
srtamorphic effe
One outstandin:

Baweever, scems 1«
mﬂ:\morphosc{

offshoot of the main intrusion lies not far beneath the surface, presumably mon Qﬂknbly, were oy’
less sill-like in its upper reaches at least (Fig. 11). Within this outer area, we il the limestone
higher grade of metamorphism in the north, decreasing gradually southward and wnderwent comple

#tritude, while the
contact minerals is greater. The marble zone is broader, while the unmetamorphs 'A similar featu:

remnants of limestone are fewer and smaller. In the south, conditions are ¢

i
]
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fed even in ‘hh €&ment; tremolite is the only common silicate mineral, and it is not abundant;

anther Canyu . & marble zone is narrow; and the unaltered remnants are frequent and large. The )

tstone occurh' § pdition from strong to weak metamorphism in the outer area can easily be ac-

unaltered rod § ‘aated for by increasing distance from the source of heat and emanations; in other

- werds, to the south the intrusion lies farther below the surface.

"~ b the inner area, where tactite is encountered at the contact, light silicates and

- ea marble succeed outward from the intrusion; where light silicate rock occurs next

dthe quartz monzonite, a marble zone follows; and where marble fringes the intru-

" %2, it becomes finer-grained and contams fewer patches of silicates away from the

bzous body.

\ansome, l‘l\‘ - {3) Structural features in the invaded rocks. Bedding p]ancs afford easy passage

distribution ol . &t mineralizing solutions. Inclined strata, particularly, may aid their upward

o8 ] lqntxon (Barrell, 1902, p. 394). At Rye Patch, bedding control of the extent of

. peamorphism is evmced in at least three wayS'-—(a) the widening of the inner

- wu of metamorphism along the strike; (b) the relation of the outer contact area to

¢ dip and strike; and (c) the narrowness of the aureole at the eastern contact,

- defeved due to the fact that the strata conformably underhe the intrusion at this

- gotnt (Fig. 11).

a. -§: The influence of fractures on contact metamorphism has been discussed by Hess

1orphosed beds | ff “sed Larsen (1920) but does not apply to Rye Patch because of the'absence of any

o cnmsue fractures traversing the invaded rocks.

$* Variation in porosity of different beds may be important in aiding selective replace-

;& woent. Lindgren (1904, p. 520) states that coarser-grained (and impure) limestones

rphism ma)‘h'} - a2 more susceptible to metamorphism than compact (and pure) limestones. At

ienomena; but ' @ | Rye Patch, porosity may have been'a factor guiding the silicating solutions along the

tors and theg. § * byers now composed of calc-hornfels, and possibly along replaced beds. '
' “ & () Composition of the invaded rock. Impure limestones are most susceptible to

1at at Cliftom"§ jz;!mtion, igneous rocks are least. In the Rye Patch area, however, the country |

morphic eflect :E ; l:das a whole is uniformly pure limestone. The manner in which the inner contact

‘uniformity of ;@ & cuts across a considerable thickness of these similar beds indicates that in the

lized limestong

»nite for aboug

s a factor.  gmmediate vicinity of the magma metamorphic effects were die largely to emanations
itensity of llu - bem it and not to differences inherent in the intruded rocks. An extended analysis
, the distribue} §&- -l the question of original differences in country rock versus additions from the magma

. was made by Uglow (1913).  Similar beds can be traced along their strike into differ-
“ent products' of metamorphism. Obviously, the larger distribution of contact-
“etamorphic effects did not depend upon composition of the country rock.

' One outstanding example of selective replacement due to differences in composition,
Mowever, seems to have been the three layers of calc-hornfels near the edges of the
samctamorphosed limestone separating the inner and outer areas (Fig. 10). These,
geabably, were originally more silty layers, similar to those occasionally encountered-
“in the limestone outside the sphere of contact ‘metamorphism, and thus readily
waderwent complete metamorphism, aided no doubt by greater porosity and favorable
sttitude, while the surrounding pure, more compact limestones remained unchanged.
‘A similar feature occurs nearer the intrusion on a very small scale. Here the
sciginal differences in composition'are harder to understand, for the silicated beds
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" places orthoclase and, less often, plagioclase (Fig. 16).
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can be traced along the strike into limestone apparently similar to that of the adja
unaltered layers. However, even though mincralogical composition and porosg
appear the same, there must have been enough difference to render these beds me
soluble, so that emanations chose these layers in preference to their neighbors. Bod
well (1905, p. 193) has advanced difference in solubility as an explanation of selectin

"FIcuRE 16.—Tourmaline-bearing pegmalite

Showmg tourmaline (To) replacing orthoclase (K), plagloclase (P), and microcline (M); apatite (A). D“K"'m‘
sketch from microscopic field, X 5.

replacement at Bingham, Utah. An alternative explanatxon, less reasonablcl

view of the small scale of the feature, would beé local absence of emanations.

(5) Variations in heat and emanations at the margins of the intrusion. The Rp
Patch intrusion is believed to be an offshoot of a larger buried intrusive, in haj
essentially a cupola, and probably as a whole differed from its parent body somenkse |

intemperature and escaping volatiles. Within its own comparatively small exteet §
however, such variations would be of a smaller order of magnitude. Nevertheles.

by elimination of other determinable factors, these must account for the differena

in degree of metamorphism along the actual contact. The reasons for such vare
tions are not clear. ' 4

LATER PHASES OF THE INTRUSION

GENERAL STATEMENT

The petrography and distribution of the aphte p}nse have already been menuom( '
_and its significance is dxscussed later.

PEGMATITIC PHASE

The pegmatitic phase of mineralization is marked by the development of pegmnm
and a small amount of tourmaline. The pegmatites and associated apatite i

" sphene have already been discussed. The tourmaline occurs in veinlets in the non}

ern margin of the quartz monzonite and in the aplites and pegmatites, where it
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Lof the adjacen § ~ Concerning the volatile emanations given off during this phase of mineralization,
m and porosity. ) Bwould seem that the halogens were somewhat lacking, although no doubt a little
these beds mor - $orine and possibly a trace of chlorine were present, and a limited amount of boron.
ighbors. Bout. | - : ’ : '
tion of selectiv & =

- General considerations.— The hydrothermal phase is represented by silicification, by
e prominent quartz veins which cut the major rock units, by tungsten and sulphide
- gxenalization, and by carbonate veins.

: Sdicification.—Silicified areas are 1rregularly distributed throughout the limestone,
v&xh they resemble so closely that they are difficult to distinguish in the field. The
E oost prominent example of silicification is at the faulted western edge of the intrusion,
!bm specimens of the quartz monzonite from the mine show replacement of almost
f- 48 the original constituents by quartz. A few remnant grains, chiefly zircon and

kotite, indicate the nature of the original rock. The quartz shows typical secondary
#mctures, such as feather and mosaic structure. Some later disturbance, probably
: § Belulting, has sheared and bent the quartz.  Silicification has also occurred in the
" mter contact area accompanied by introduction of orthoclase and sulphides. In this
bation, the silicified zone passes upward into tourmaline- bearmg quartz veins
0’1; 12).
i o Quarlz reins.—Quartz veins are common in thc area, occurrmg in the quartz
.Bonzonite, in the tactite of the outer area, and in the limestone. They consist
reasonable iy, B Wrely of massive white to grayish-white quartz. Sulphides are carried in the veins
\Lions. k' atting the quartz monzonite, while conspicuous needles of tourmaline are found in
iion. The Rw " the two large quartz veins traversing the tactite of the outer zone (Fig. 17). In the
rusive, in fad, .Basd specimen these needles are dark brown.and under the microscope, greemsh
sody somc“h;g “beren.  They are often replaced by calcite.
y small extent,:}: “Within the limestone the quartz veins sometimes parallel the bedding. In the

Nevertheless," - sorthwestern part of the-area, a prominent bedding vein carries scheelite associated
the differencs . ¥2b alcite; but no tourmaline. ThlS vein is associated with aplitic matenal which
e m\'aded the limestone. ' :
| Sulphidc mineralization.—The sulphides accompanying the silicification in Lhe
@t zonc and in the limestone are arsenopyrite, pyrite, pyrrhotite, sphalerite; some
“gdrma, and tetrahedrite. Pyrite is the most abundant,; forming euhedral grains
wpecially in the replaced limestone (Fig. 18). The inner contact zone is almost
£ drvoid of pyrite and contains none of the other sulphides. -

The quartz veins within the monzonite carry sulphides-and are being developed
i 8¢ Rye Patch Agnes mine in the northern part of the intrusion. Mineral relations
an better exposed in the workings of the mine. Opénings have been made on three
freels; the upper two had reached the silver-bearing veins, while the lower one, start-
g wome distance to the west, had not yet done so when the writer was last in the
Hl. \!ost of the workings are in the mtrusxon proper, some are actually on the :

HYDROTHERMAL PHASE

.

» (A). Diagrammsfy’
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_ore are situated on the ridge just north of Panther Canvon—constituting the Pantbe
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both walls tends to destroy this demarcation. The veins dip steeply and the or§

bearing ones strike east-west. .
Greisenization and a slight amount of tourmalinization have occurred in the vei

walls. Molybdenite, pyrite, chalcopyrite, sphalerite, galena (silver-bearing), ant f

tetrahedrite represent the complete suite of ore minerals.

¥icure 17.—Tourmaline in quartz vein from
ouler conlact zone

TFicUrRe 18.—Silicified and pyritized limesim

Showing various stages of quartz (Q) introductia
Pyrite represented by black grains. Diagrammatic skekt
from microscopic field. X 15.

Tourmalive, To; quartz, Q; calcite, C. Diagrammatic
sketch from microscopic field. X 1S.

Deposition of some of the early minerals was followed closely by shattering; thu g

pyrite and sphalerite arc noticeably fractured, and the pyrite in some instances s §
been so ground up that it consists of a linear arrangement of tiny fragments. '

The paragenesis of the ore minerals appears to follow Lindgren’s “normal” ordet §*
The ore mineralization period was probably closely connected.in time with the pyrit §

zation in the east, in the outer contact zone.

pyrite crystals. -

The occurrence of molybdenite, generally regarded as a higher-temperature mi>
eral, does not necessarily mean a hypothermal origin for the veins. -VandervX g
(1933, p. 571-572) describes molybdenite-bearing quartz veins associated wih §
sulphides, a condition similar to that found in the Rye Patch Agnes mine, and cot §
cludes that this type is “probably formed under conditions more closely approachiy
those of the mesothermal.” The well-defined vein walls support the mesotherma
origin for the Rye Patch veins. _ _ ‘ -

Tungsten mineralizalion.—In the limestone almost half a mile north of the intrusia
are scheelite-bearing quartz veins of the bedding and fissure types, associated wif §
the numerous aplitic injections. Four claims covering the known occurrence of ts

Canyon prospect. One large bedding vein is exposed in a trench which extends fa
320 feet along the stecp canyon wall. Three other small bedding veins have bee
exposed in the workings, S

-
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‘These tungsten veins are associated with the silicified and silicated areas bordering
% aplite and camptonite dikes. The extent of such metamorphism is negligible

curred in the veis ¥ cwnd the camptonite but is significant near the aplites. The brownish, fine-
ver-bearing), and {§l mined aplites, whose outcrops are sometimes lenticular, are somewhat similar to
. ‘Bt of the Oreana area (Kerr, 1938). Certain limestone beds change color along

o

1

pyritized limesiows
uartz (Q) iantroducties -
i. "Diagrammatic sketh .

Fi1cure 19.—Silicified lens in limestone

" Kair the Panther Canyon prospect. Quartz, Q; orthoclase, Q; actinolite, A; epidote, E; limonite, L. Diagrammatic
&izh!from microscopic field. X 15. .

sha.ttering; thus, ¥ #e strike and resemble the aplite intrusions. Thin-section examination shows that
me instances has * @ wece beds are progressively silicified; in addition, orthoclase and innumerable sheaves
[ragments,

“normal” order, ‘¥ \mwnish layers has produced numerous nodules of white chert, accompanied by
e with the pyritie, 8 Brous actinolite. The relation between the quartz veins and the altered zones is
edicated by the occurrence of quartz veins in the center of the zones and their occa-
nding in form to " gl gradation into each other. '

The vein quartz is massive, white, frequently crumbling with ease in the hand
emperature min-.;{ B medmen, and contains occasional vugs lined with quartz crystals. Quartz, scheelite,
ins.  Vanderwilt " & ysd malcite are the only vein minerals. In contrast to the quartz in the outer contact
associated “'i‘h..‘f’v - pre, tourmaline is exceedingly rare. Quartz was the earliest mineral to be deposited,
s mine, and con "% plowed closely by scheelite. Calcite transects both the quartz and the scheelite.
sely approaching Atrace of scheelite was found in an aplite dike within the quartz monzonite, and
the mesothermal ©@ " knber traces were found in the epidote-garnet rock on the southern contact of the
. Iatrusion.  When the locations of the tungsten occurrences are mapped they show a
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. Aplites are abundant where tungsten is prominent and appear to have afforded
‘mage for the tungsten-bearing solutions.  ‘The association of scheelite deposits

‘Maby States (Willbourn and Ingham, 1933), but the genetic relationship between

L

' of actinolite have been produced (Fig. 19). Further silicification away from the’

drdded linear trend, coinciding with the axis of the arch in the sediments, suggesting

_withaplites has been described at Oreana, Nevada (Kerr, 1938), and in the Fedérated - -

e two has not been established. Recently Kerr (1940, p. 208) stated: “Aplite and.
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pegmatite dikes of quartz veins favor concentration of tungsten evidently as conduis 8
from the magmatic sources. The conduits frequently contain traces, but rar}
concentrations of tungsten minerals.” . ‘ '

proper. In the is
mck, there is no
- formed contempc
E spectively.

®
@

P o e e
=
S e

Va4

(1) Contact mue
.- in composition, m
: of carbon dioxide
- (2). No appreci:
¢ (3) The contac
tions, since the o
bhorizons where th
" (4) The distrib
QUARTZ VEINS . distance from the

SCHEELITE variations in com

7 ME TAMORPHOSED| E Variations in heat
ﬂ LIMESTONE 5 (5) The outer ¢

ALLUVIUM

[ZZX] APLITIC Ay )

//‘ INJEC TION . which has. not yet

QUARTZ g (6) Initsupper
~_| MONZONITE . beds

;’lﬁ, LIMESTONE
S &

FAULT

{7) The archin;

the intrusion, par
‘' (8) The diopsir

andradite was su:
E- epidote.  Some d
S cnase, tremolite, o
. (9) The distribv
i eninciding with !
© (10) The schec!
- (11) The aplitc
" afforded passage

2

o 800 1600 FEET
1 | | :

Ficure 20.—Plan of fungsten occurrences
Showing their relation to the arch in the sediments, which is outlined by dashed lines

8a1, S. H. (1908) The
 Barrell, Joseph (1902
A p. 279-296.
“Baatwell, J. M. (190

The scheelite found at the Panther Cein_\'oh prospect is evidently hydrothcrrm\
differing from the deposit at Oreana, where the scheelite is associated with pegmatits

According to Butler (1927, p. 238) and Finlavson (1910, p. 26) scheelite is not nees Eoecn ;’rf gaéif)r)
sarily formed only at high temperatures but continues to be deposited, probably # c 4;3’ p 2257
decreasing amounts, at lower and lower temperatures. A similar occurrence d § Buter, B. S. (1927)
scheelite has been described by Hulin (1925, p. 77) at Atolia, California. ' . Econ. Geol,

The scheelite was formed when most volatiles except water were either rare @ ;“’""“»Si I:én(wl::
absent, as suggested by the absence of any considerable mineralization in the vea onen
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LATER PI{ASES OF INTRUSION

-per. In the 1solated instances of scheelite found in the aplite and in the contact
td, there is no evidence of hydrothermal activity; this scheelite may have been
¥ bmed contemporaneously with the aplite and the "contact metamorphxsm, re-

mu ely.
CONCLUSIONS

{1) Contact metamorphism at Rye Patch, Nevad;i involved considerable change
hmmposxtxon mainly the addition of silica, alumina, and iron omde and subtraction
Warbon dioxide.

() No appreciable volume change occurred.

) The contact-metamorphic changes depended mainly on the magmatic emana-
&m since the original sediments were uniformly pure limestones, except for three
\mons where they may have been silty.

{4) The distribution of metamorphic eflects is believed to be due primarily to

& Sunce from the intrusion, modified locally by (a) bedding of the invaded strata, (b)
- Ahtions in composition, porosity, and solubility of the original limestone, and (c)
®rhations in heat and emanations at the margins of the intrusion. ‘

(%) The outer contact area is thou ght to bg due to another tongue of the_'int.rusion

E which has not yet been uncovered by erosion.

(6 In its upper reaches, the intrusion is sill-like and has pried apart the limestone

. {T) The arching of the sediments is believed to indicate a northward extension of

8¢ intrusion, parallel to the strike.

(8) The diopside and andradite are the oldest contact- metamorphic minerals;
‘#rdradite was succeeded at some stage by grossularite and was in part altered to
#ikte. Some diopside was altered to tremolite. The exact relations of the ido-
ease, tremolite, and wollastonite are not so clear.

{9) The distribution of the tu nﬂsten mineralization and aplite dlkes in a linear belt
ﬂwdmg with this arch suggests structural control.

10) The scheelite veins are of low-temperature hydrothermal origin.

(11) The aplites associated with the scheehte-bearmg quartz veins probably
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