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.ABSTRACT 

% • 

% • - . ' 

In the Rye Patch area in the west-central part of the Humboldt Range, Nevada, Triassic! 
limestones interbedded with silty layers have been intruded by igneous rocks, the principal t|i 
being a quartz monzonite. The quartz monzonite is surrounded on the north, east, and south brt »; 
aureole of contact metamorphism. On the western side faulting has cut the intrusion so that? j& 
metamorphic rocks•nhich may have been formed are not seen at the surface. A long narrow coM 
zone east of the aureole extends northward a considerable distance. 

Metamorphic changes range from recrystallization of limestone to complete replacement k 
contact silicates. The contact-metamorphic minerals include garnet, diopside, epidote, clinozoii 
idocrase, tremolite, recrystallized calcite, quartz, and minor scheelite. 

The sediments are deformed by the intrusion into a small northerly trending arch. Aplite da 
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 a 
invaded rocks are well exposed. Study of such a region should yield information^ 
value in the interpretation of the mineral processes responsible for the associate s;; 
tungsten mineralization and at the same time contribute to a better understandi^ 
of the stages of contact metamorphism in the Humboldt Range. 

This investigation has comprised the study of: (1) the original sediments; (! |i' 
igneous intrusions; (3) contact-metamorphic products; (4) paragenetic sequence rf ̂ i 
the contact-metamorphic minerals; (5) reasons for the localization of the metamoipl ^. 
ism; and (6) later phases of the igneous invasion—namely, the pegmatitic and hydn- |;-
thermal phases, including most of the tungsten mineralization. 

Tungsten mineralization along the western slope of the Humboldt Range mayV© '̂ 
associated with two granitic intrusions. The Rocky Canyon intrusion, essentiai 
quartz monzonite (Jenney, 1935, p. 37), lies north and east of the Oreana tungstc, 
mine, while the Rye Patch intrusion, also qijartz monzonite, lies about 10 miles I 
the north of the Rocky Canyon intrusion along Rye Patch Agnes Canyon. 

Portions of the summers of 1938 and 1939 were spent in the field mapping pal 
of the area in detail. The mineral relationships have been further investigated k 
the laboratory microscopically, chemically, and by X-rays. 
' The writer is deeply indebted to Professor Paul F. Kerr of Columbia Universit} 
who suggested the problem and who has given helpful criticism both in the field ai 
in the preparation of the report; to Mr. Charles H. Segerstrom, president, and Jl 
Ott F. Heizer, general manager, of the Nevada-Massachusetts Mining Compai 
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FIGURE 1.—Index map of Nevada 

Showing the location of tlic area studied 

^•^^•hosc kind permission the writer stayed as a guest at Tungsten, Nevada; to 
|-^.Itenild W. Davis of Columbia University, who assisted in the field during the 
pMJfflrr o( 1938; to Mr. Charles Shortino of Rye Patch, Nevada, for information 
îjatifrsJng the mining.operations in the area, under discussion and permission to 

! lhe Rye Patch Agnes workings; and to Columbia University, for the award 
^ ( ^ ) i m e s Furman Kemp Fellowship in Geology, through which this investigation 

I aade possible. 
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924 C. J. VITALIANO CONTACT MET.-UIORPHISM 

GENERAL GEOLOGY 

The Rye Patch area is largely underlain by blue, thin-bedded, northeasterly sli 
ing limestones, the pre\'ailing dip being to the west. In Rye Patch Agnes Cany 
a roughly oval-shap)ed area of brownish rock of about 20 acres marks the outcro] 
the quartz monzonite here described as the Rye Patch intrusion. 

The intrusion has produced two areas of contact-mefamorphic rock, separated 
a zone of relatively un metamorphosed limestone. The first of these (called in 
paper the inner area) contains some tactite and recrystallized limestone but is ch; 
light silicate rock. It appears to surround the intrusion on the north, east, and 
sides but does not outcrop on the western side because of faulting. The second (a! 
the outer area) is linear in outcrop with a trend parallel to the strike of the sedimi 
and is situated east of the first area. It is composed more abundantly of tactite 
also contains light siHcate rocks with appreciable recrystallized limestone. 

Aplite and pegmatite dikes, along with quartz veins, represent later stages ofi! 
quartz monzonite intrusion. Pegmatites are limited to the border of the intruai, 
while the aplites and quartz veins are more prominent in the rocks some dist 
removed. Some sulphide and tungsten mineralization has accompanied vein fillJ 
and an attempt.is being made to work sulphide-bearing veins containing silver ini] 

Thin-bedded blue 
Eittoit of tbe area. 1 

otone strata are ; 
^ t a t t of magnesium) 
Ijl&j members contain 

, The sediments arc 
|-Vt»\"er rhyolite of tht 
|;«l those described by 
m-Xi), and Kerr (1' 
::-ij«!|ned them to the ' 
f'olt fauna representii 

If Cui)'on a few coiled 
I'Stf identification. 

p ' . The contact betwc 
^.fiBlhcr Canyon sug; 
•At Rye Patch, part of 

J . | « l exposures in otln 
Rye Patch Agnes mine. Tungsten mineralization is almost lacking in the immcdii ^-nrrest the existence • 
vicinity of the intrusion, but some scheelite is found in the quartz veins associated »l IEJ-O* well ejoxysed \ 
the aplite dikes to the northwest. H f t , the late Paleozoic, 

Two other types of intrusive rocks, whose efTect on the limestone has been nc^^ PeMa in the lower S 
ble in contrast to that of the quartz monzonite, are dikes of an older metadiorited f Aivjlife formation as < 
a younger camptonite. ^|; 

The broader structural features are shown on the map (Fig. 2). In general,4 iy' 
limestone and its metamorphic derivatives strike rather uniformly N. 15°E. (±1P |;,' j 
and dip 46° to 74° W. .Across these dipping beds the surface of the monzoia §\ \ 
intrusion, which occupies rougly the center of the map, rises from .west to east air •. *><''" ^* '̂" ^"" Dasy-. 
angle of 12°. 1::lhe earliest is a me' 

The intrusion is bordered by an aureole of metamorphosed limestone, exceptiomi j. »fp-'*t .̂nd most imj) 
wide near the middle of the northern rim. This wide triangular area coincides vA i Cinyon. 
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 dijii 
indicated, the outcrop should continue up the valley. Since it does not, either 4 ^ • One outcrop of metu 
intrusion dips into the hill at a lesser angle or ends here. The recurrence of md |,»lthc Rye Patch Agnt 
morphosed limestone 500 feet to the east suggests that here either the same intruM 
or an offshoot once again comes close to the surface (Fig. 11). & p*rt of the inner conl. 

Near the eastern end of the outcrop of the intrusion, steeply inclined dikes kr .̂.̂ f cut by later dikes, 
off toward the NNE. and SSE., along fractures that essentially parallel the bedsa* f- Mineralogically, th( 
the near-by contact of the limestones and the quartz monzonite. The whole feaia -J ibrous actinoUte, bioti 
is too small to warrant speculation concerning its origin other than that the fractii» }̂«Bd some apatite, alo' 
opened as a consequence of the intrusion itself. A few quartz dikes occupy rebli' fcprtscnt in fair amouni 
directions as do several small faults. ' |icai!ar to that in the 

The intrusion is cut off near the western margin of the map by a normal fatilt llfM; Another facies iscompi' 
dips about 45° W. ;H/Itftbetween folia of ch 

Dikes of at i 

loothcast. The latter 
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metadiorite afil 

In general, lit 

V. 15°E. ( ± i ( r ) * / ; 
f the monzonilt:-
est to east at U 

4 i # 

,̂ 
ne, exceptionaHf f 
;a coincides witk 
intrusion. -% 
: with the dip iZ 
5 not, either litj. 
urrence of met»̂  
le same intrusioBl 

lined dikes \eti^ 
llel the beds aii4.|| 
be whole feattH; 
hat the fractuwj 
s occupy relat<Jl 

• iM^ 
lormal fault t h i ^ 

'.Thin-bedded blue calcareous limestones with some intercalated silty beds cover 
BMt of the area. Later calcite veinlets are often present. Microscopically the 
fcotone strata are almost entirely fine-grained calcite (chemical tests show- only a 
Saa of magnesium) with carbonaceous impurities and minor quartz. The more 
ity members contain varying amounts of quartz in addition to the carbonate. 
' Tlie sediments are covered by- valley alluvium on the west and abut against the 
¥«i«r rhyolite of the Koipato series on the east. The limestones are a continuation 
ithose described by Ransom (1909, p. 31-32), Knopf (1924, p. 29), Jenney (1935, p. 
^30), and Kerr (1938, p. 398), in the area immediately to the south. Jenney 
taljned them to the upper Middle Triassic of the Star Peak formation, on the basis 
«f» fauna representing the DaoiieUa dubia zone. Near the mouth of Rye Patch 
&a)'on a few coiled cephalopods were found, but they were too poorly preserved 
fcf identification. 
.'"TTie contact between the limestone and the Weaver rhy^olite where it crosses 
hather Canyon suggests that the sediments overlie the rhyolite disconformably. 
k Rye Patch, part of the contact between the limestone and the rhyolite is faulted, 
fet exposures in other places immediately adjacent on either side of the contact 
egest the existence of a slight angular unconformity, although the actual contact 
k »t well exposed. \Vheeler (1936, p. 394) tentatively assigns the Weaver formation 
t» lhe late Paleozoic, on the basis of this disconformity and on the absence of vol-
ewks in the lower Star Peak formation. Cameron (1939, p. 579) classifies the 
Ayolite formation as either Upper Paleozoic or Triassic. 

INTRUSIVE ROCKS 

GENERAL STATEMENT 

Bolh acid and basic rocks intrude the sedimentary strata of the Rye Patch area. 
lit earliest is a metamorphosed diorite, exposed in two small outcrops. The 
%tinl and most important is the quartz monzonite, found in Rye Patch Agnes 
Cu}'Dn. Dikes of camptonite are the latest igneous rock. 

• f " METADIORITE 

''; OM outcrop of metadiorite is situated about 1300 feet northeast of the main portal 
• «<lhe Rye Patch Agnes Mine (Fig. 3), and the other lies about 900feet to the south-
; *wtlwist. The latter is cut on the west by a fault which also truncates the western 
. Jartof the inner contact area. In the south-southeast the metadiorite appears to 
.J« ml by later dikes. 

! .i Mineralogically, the metadiorite is chiefly oligoclase showing albite twinning, 
•; ilktooi aclinoHte, biotite, and rriagnetite. Small amounts of sphene, epidote, zircon, 
^:tai >ome apatite, along with infrequent interstitial quartz which locally may be 
, jRWil in fair amount, are accessory. The amphibole (Fig. 4A) occurs in sheaves 
''liaoiu to that in the metadiorite of the Rochester district (Knopf, 1924, p . 31). 
' Ibpdxx facies iscomposed of quartz and feldspar grains averaging 0.02 mm. in diam-
iHOabetween folia of chlorite. In all sections the schistosityis very marked (Fig.4B). 
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Knopf (1924) dated the metadiorite as Triassic or earlier because of its metamoi] 
character and connected it with the Triassic igneous activity. Kerr (1938, p.. 
and Jenney (1935, p. 30) described rocks of the same type from the central Humb 
Range, just south of Rye Patch. 

A B . 

FIGURE 4.^—Metadiorite phases 

A. Maculose phase':—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. 

Diagrammatic sketches from microscopic field. 

QUARTZ MONZONITE 

The quartz monzonite is light-colored, medium-grained, composed of qui5 
feldspar, and mica. Orthoclase, oligoclase, microcline, and microperthite male( 
most of the rock. M3Tmekite and free quartz occur in anhedral grains. Bic 
and some accessory minerals—sphene, apatite, magnetite, and pyrite—complete 1 
mineralogy. T^e biotite occurs in well-developed grains averaging 5.0 mm. in la 
and showing marked absorption—(X) colorless, (Y) dark green, (Z) dark; 
Both sericitizatlon and carbonation of the feldspars occur along fractures, lis 
biotite grains have been slightly corroded. The following is an analysis of this r 
determined by the traverse method: 

Per cml 
Quartz 24.8 
Oligoclase 21.4 
Microper th i t e 1 9 . 6 
Ortlioclase 1 7 . 5 
Microcl ine . 
Biot i te 
M a g n e t i t e . 
M u s c o v i t e . 
Sphene . . . . 

9.0 
5.9 
0.6 
0.5 
0.2 

Pa a* 
.•\patite O.I 
Epidote 0.1' 
Calcite 0.1; 
Hematite 0.1 • 
Chlorite 0.1 
Zircon tr. , 

Total 100.1 

Jointing is well developed in the northeastern part of the intrusion: The, 
fall into two patterns: one set strikes N. 25° E. and dips 48° ESE., and thee 
strikes N. 70° E. and dips 65° NNW. Near the northern edge of the intrusion i 
some small aplite dikes parallel the latter set of joints. . 
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,>U*quartz monzonite has been intruded into the limestone strata. At the eastern 
ĝiof the limestone the contact can be seen in numerous exposures and conforms to 

filbedding of the sediments (Fig. 5). The western contact is obviously faulted, as 
idoledby the existence of a crush zone (Fig. 5). 
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SCALE 

FIGURE 5.—Diagrammatic represenlalion of ihe -western contact of the quartz monzonite 

The crush zone and the zone of silicified monzonite are shown 

Dposurcs on the northern side of Rye Patch Canyon clearly indicate that in the 
Ji55« reaches of the intrusion the limestone beds have been pried apart by the 

-, iseding magma. Arching of the sedimentary rocks has been accompanied by 
'ftxioring of the competent beds and drag folding of the incompetent (Fig. 6). The 

itOtwion of the arch northward is believed to be due to the continuance of this 

Pit uM ji' 

'|.< [ijlB̂ Hie character of the intrusion. 
;?; Aftlrographic comparison with the Rocky Canyon intrusion about 10 miles south 

O.i .|; f lltSii* area shows that the Rye Patch rock is finer-grained, more compact, and con-
o!l % K'-.̂ ** ' I'̂ ll̂  more biotite than the former, but otherwise the two appear to be sub-
0-1 i[| j-.0aa{ally the same. Probably both extend downward to the same granite mass. 
fr. iti ^ ' b '̂ 'f Rye Patch area, the lack of Mesozoic sediments later than Middle Triassic 

ifi 5" fe*** 'he quartz monzonite to post-Middle Triassic. ;.Unless positive evidence to 
l i i;.i^<°''*f^O'can be established, it is reasonable to assume that the quartz monzonite 
. . . „t to the same magmatic epoch as the widespread intrusions of w^estern Nevada. 

on, Ihe J*"'*^^ti*'*, according to manv different investigators,^ are probably post-Jurassic, 
and the oil ' *' 

I t r U s i o n p r O M ^ E * ' l * ' * " ' ' " ^ '"***• P- ^ ' " : ^ P " " ' ' " ° ^ ' P- 133); Bail (wos, p. 42); Diller (1903, p. 90); Lindgren (1915, p . U) ; Knopf 
^ M ^ ' * ^ • ' " • ^ ' " ^"'*> P- "^= lenney (193S, p. 47); Ferguson and Muller (1936, p . 394); Gianella (1936, p. 43); Kerr 
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APUTKS 

The aplite dikes either fill joints or occur at random throughout the quartz 
zonite. They vary in width from 1 inch up to 1 foot. Aplites also occur about hi! 
a mile north of the intrusion, where they reach 2^ feet in width and where they hj» 

areas. It is 
Rye Patch, 
Into pegmati 
bito a quart? 

SCALE IN FEET 

FiGimE 6.—Section along north wall of Rye Patch Agnes Canyon . 
Showing local arching of the overlying limestone beds over the intrusion. Note the conformable relation betir 

limestone and the intrusion which probably exists only in the upper reaches of the igneous mass. 
I * 

i 

invaded and altered the hmestone. Here tungsten minerahzation has resulted HI 
late phase of this in-vasion. SiU-Hke apUtic layers occur intercalated with the Iiw ^ 
stone immediately below a scheehte-bearing quartz vein and across the crest of 
structural arch; 

Quartz, orthoclase, microcline, oligoclase, and some microperthite make up 
of the aplite, the remainder consisting of a few scattered grains of biotite and oOi 
sional muscovite. The texture is medium- to fine-grained. 

Tu sketch shows 
r«.>»«l. with tmall i 

lato the solid i 

PEGMATITES 

Quantitatively, the pegmatite stage of the intrusion at Rye Patch has not' 
extensive. Unhke' the aph'tes, the pegmatites are restricted to the imme 
•vicinity of the intrusion. They pass downward into the quartz monzonite, 
upward into quartz veins (Fig. 7). The passage of pegmatites into the pwg 
magmatic body, into quartz masses, or into aplites has been reported from 
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VOt. It is particularly characteristic of the Humboldt Range (Kerr, 1938). At 
!)(» Patch, an excellent exposure shows the transition from the quartz monzonite 
Vto pegmatite, which in turn becomes more and niore quartz-rich and passes finally 
feaa quartz vein; the entire change is accompUshed within 25 feet (Fig. 7). 

le relation bet* 
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the crest of ft 
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QUARTZ VEIN 

3 
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SCALE IN FEET 

FIGURE 7.—Pegmatite relations 

Ailch ihows the gradation of pcgrnatite into quartz above and into quartz monzonite below. This change is very 
. »ftb imall isolated patches of the new phase appearing first. These grow more numerous and larger, and pass 
rt» ike solid mass. 

LAMPROPHYRES 

' '1 

i has nol b^] 
the imm: 

monzonite, 
nto tbe 
ted from mfl̂  

b Buny places basic dikes younger than the quartz monzonite are found. In the 
m oippcd these have been found only in limestone. Immediately south of the 

» j ^ Jenney (1935, map) has shown these same dikes cutting the Rocky Canyon 
i||&bS(. The dikes are nearly always vertical and in some cases—e.g., at the Rye 
•ftsA Mine—they follow fault planes. Their width never exceeds 25 feet. In 
f̂ RWal phces schistosity is developed near the walls of the dikes. Occasionally, 
fiWSKt-metamorphic lime-sihcate minerals are found at the contact. These new 
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minerals are patchy in distribution, idocrase generally being the most a' 
(Fig. 8). 

An east-west line, drawn just south of the Rye Patch intrusion, divides thes* 
rocks into two groups: Those north of this line contain hornblende and biotite, 
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FIGURE 8.—Co7ilaci metamorphism around lamprophyre dike 
Pace-compass map showing contact metamorphic phenomena produced by the intrusion of lamprophyre icto lb h 

stone. Occasional masses of idocrase are developed. 

south of it biotite alone. The remaining minerals are the same. The feldijsji 
andesine (na = 1.549, n^ = 1.558), optically positive, showing excellent zoniH 
velopment and twinned according to both the albite and jjericline laws (Fi| 
It and the ferromagnesian minerals occur both as phenocrysts and ih the ground 
Occasionally/ these minerals occur in two generations of phenocrysts (Fig 
Magnetite is the most prominent accessory mineral. Hydrothermal alteratioaj 
caused sericitization of the feldspar; carbonation of the feldspar and amphibole, i 
chloritization of the biotite and amphibole. Various stages of alteration may be» 
the extreme being carbonate pseudomorphs after andesine and hornble 
Weathering has oxidized magnetite to limonite, particularly along fracluro. 
view of the mineralogy it seems proper to classify these rocks as hornb 
lamprophyre arid mica lami^rophyre, respectively. 

Thin sections of a related dike rock occurring to the south near the portalo(I 
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INTRUSIVE ROCKS 

-tjt Patch Mine were compared with those in the area mapped. Andesine and 
kUite form phenocrysts in this rock, while hornblende is absent. This dike was 
afaitd to by Ransome (1909, p . 44) a s a diabase and mapped as such by Jenney 
|W5, map). 

F I G U R E 9.—Hornblende lamprophyre 
. A*Jciij.e, colorless or twinned; hornblende, cross-ruled. The dotted area represents very fine-grained groundmass in 
«Aai UCU glass is present. A veinlet of later quartz traverses the rock. Diagrammatic sketch from microscopic field. 

' y CONTACT METAMORPHISM 

•3] GENERAL STATEMENT 

"The intrusion of the quartz monzonite has resulted in three types of contact 
iertimorphism: (1) the recrystallization of the original limestone; (2) the most 
•ijtspread,—the formation of lime-silicate rocks, believed to represent the higher 

:d{ts of contact metamorphism in the area; and (3) a slight development of calc-
Wofels. The role of the lamprophyres in the contact-metamorphic history of the 

. Ijt Patch area has been neghgible. Recrystallization of the limestone sometimes 
lean without sihcate mineralization, but the formation of silicate minerals requires 

, Ifttceding or accompanying stage of recry-stallization of the limestone. 
• { ; • ; , . 
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The inner area of contact metamorphism surrounds the igneous rock on thntj 
The outer area is linear and varies in width (Fig. 10). I t starts southeai 
quartz monzonite and follows the strike of the sediments northward for i 

FIGURE 10.—Sketch map slto-d.nng distribution of rock types in outer contact area 
Tactile occurs in the northeast portion of the area, and grades westward and southward into light siBcite tod '. 

passes on the west into marble, which in turn grades into unaltered limestone. 

mately three-quarters of a mile. Between this and the inner area lies a strip of & 
stone about 400 to 600 feet wide, which is unmetamorphosed except for a fc»l 
lenses of calc-hornfels. 

RECRYSTALLIZED LIMESTONE 

Large areas of white recrystallized limestone are scattered throughout tk 1 
Patch area. In the inner contact aureole, they occur on the northern and sooti 
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sides of the intrusion. Two limestone pendants in the extreme northern part of the 
blnision (Fig. 3) have been almost entirely recrystalhzed. In many instances, the 
marble comes into contact with the igneous rock. In the outer contact area, the 
northwestern 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 
idttered 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 
»ide 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 
{rom the available evidence.... I t is the opinion of the writer, however, that two separate and 
istinct epochs of magmatic emanations are represented...." 

At Rye Patch, however, the evidence seems to indicate httle time between the two 
processes. This is especially apparent in thin section, where unaltered areas of 
limestone grade into contact sihcate rock. In each instance studied, there is a 
distinct zone of marble between the unaltered and the silicated limestone. In some 
casK this zone is only 0.02 mm. wide, but it is invariably present. Evidently the 
ads-ancing wave of contact sihcate mineralization recrystalhzed the hmestone at 
least 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 
ione between the contact areas. These range from 6 to 20 feet in width. The rock 
in the three layers is fine-grained, averaging about 0.02 mm., and is composed largely 
of highly interlocking quartz and orthoclase with some calcite, epidote, and diopside 
in prominent fine-grained aggregates, accompanied by needles of actinolite, occa-
lional 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 a definite quartz vein traverses one layer. 

SnjCATE ROCKS 

Inntr area.—In the inner area, well-developed masses of contact-metamorphic 
lilicate 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 
have restricted the upward spread of the metasomatic agents (Fig. 11). 
. .\t 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 hmestone 
occurs north and south of the intrusion and at the outer edge of the silicated area. 

. Underground, the lower workings of the Rye Patch Agnes mine cross this contact. 
: la the main tunnel, the limestone is separated from the quartz monzonite by a 
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prominent crush zone and a zone of silicified quartz monzonite (Fig. 5). A 
northerly from the main.tunnel on this contact is reported to have encountered simflt 
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 din 

FIGURE 11.—Section along north -wall of Rye Patch Agnes Canyon 
- showing the exposed relations of the various rock types and their probable continuation in depth 

south of the tunnel. The alignment and comparable attitude of these crush 
indicate a continuous fault. 

The absence of more strongly siHcated limestone at the western contact thus mii 
be attributed to faulting rather than to selective replacement of the limestone. Hr] 
silicification of the quartz monzonite along the fault without any correspo; 
alteration of the adjacent limestone indicates post-hydrothermal movement 

The highest stage of contact metamorphism is represented by tactite, wbidij 
mainly a medium-grained, grayish, compact rock, composed of epidote, garnet,iii 
diopside accompanied by a few accessory minerals—feldspar, quartz, sphene, 
apatite. At two or three scattered locahties limited to the southern bounJaiy i. 
the quartz monzonite, coarse epidote and garnet occur. In one of these loa 
some scheelite has been found, but on the whole tungsten minerahzation is absent* 
this zone. Occasional monomineralic masses of epidote or garnet, up to 6 indxti 
diameter, are encountered. Remnant masses of original hmestone up to 2 oe 
inches in their largest dimension are encountered in the. tactite of this area, 
still retain the grain size, bedding, and carbonaceous impurities of the sediments 
are ahvays rimmed by marble. . . 

The light silicate rocks are usually composed of idocrase, hght-colored 
fine-grained epidote, and diopside, with some quartz and orthoclase. No del 
boundary can be drawn between these and the tactite. In a few places, vii^ 
scattered segregations of idocrase or tremolite are the only e'vidence of the 
silicate zone. Unmetamorphosed remnants of limestone were not found in the 
silicate rocks of this inner area. 

0-itier area.—On the whole, the same types of contact-metamorphic sihcate i 
are represented as in the inner area, but they differ strikingly in areal distributict] 
The tactite is more limited in extent but mineralogically it is similar to that of 
inner area although the texture is shghtly coarser. On the south and west it 
into the light sihcate zone (Fig. 10). 

[i?;. The light sihcate roi 
^rUooasc, feldspar, fine-

t l the zone tremolite ; 
^Cdent of sihcation to 

/ - • ' 

w 

5HB TACTITE 
CVZI LIGHT Sli 

MARBLE 

LIMESTOr 

ISILICIFIEC: 

tttoditions. Associate' 
Ssirttone up to 15 feet 

3 - The light sihcate rod 
- i» » broad band in the 
• ' ' • • ^ . 

"•' C O N T A C T 
••'i 

'••' Contact metamorpl-ii 
»i TOlitilc matter from 

I" W h »imullaneously), f 
•* Ihe mass cools and 

[^.-ttsttnations to be ne;i 
|,:jj«resj>crature minerals v 
^^-.ketm until the maxim; 
1? &«j<mture minerals :' 

:lji«irt that were forme' 
KWWtlons would prevc? 
I^^iiyft^tcmjxiralure. F 

yt» irould introduce 
j'^BiIftcmls would be : 

#frtc» might be entircl 
ptmfy rcLitive, since 
iSt*8«j«nIy at different i 

xlif-ir-ih ,• 

mi : 
m'^-y 

k02v^-' 
^ ^ y . i ' -



). A drift 
:red similar 
. prevented 
seen at tbe 
:et directly 

pth 

rush zones 

thus musl 
one. Tlie 
responding 
nt. 
, which is 
arnet, and 
bene, and 
undary of 
; locahties 
absent in 

I inches in 
to 2 or 3 
a. These 
nents and 

d garnet, 
o definite 
s, widely 
the light 
the Ught 

ate rockj 
.ribution.: 
at of tht: 
it passei; 

CONTACT METAMORPHISM 937 

The Ught silicate rock in the northern part of the zone is composed 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 
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F I G U R E 12.—Cross section through outer contact zone in South Panther Canyon 
Showiog gradation from the silicified zone in tactite, existing at the bottom of the canyon, into quartz veins (solid 

Uick), which are found on the upper walls of the canyon. 

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

The light siHcate rock paisses on the west into recrystalhzed limestone, which occurs 
in a 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 
cf volatile matter from the magma, until each reaches a maximum (but not necessarily 

' both simultaneously), followed by a gradual decrease in temperature and emanations 
M the mass cools and crj'stallization progresses. Assuming the composition of the 
emanations to be nearly constant during a contact-metamorphic period,. lower-
temperature minerals would form first and would be replaced by higher-temperature 

'; forms until the maximum had been reached; then these would be replaced by low^er-
?.temperature minerals as the temperature fell. Some of these might be the same 

ipedes that were formed during the rise of temperature, but in other cases irreversible 
•: reactions would prevent the reappearance of minerals replaced during the period of 
••rising temperature. Fluctuations in temperature and in the character of the emana-
-̂'tisns would introduce additional complications. In any case, the descending order 

;?•• of minerals would be more clearly preserved, while the evidence for the ascending 
'; kries might be entirely obhtcrated. Furthermore, the age relationships would be 
•̂ *|«rtly relative, since minerak of different temperature ranges might form simul-
;>,tineously at different locations. 
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At Rye Patch, evidence for the complete paragenetic sequence is lacking, 
able relationships are as follows: 

GARNET: Garnet is much more abundant in the inner area than in the outs 
Although generally medium- to fine-grained in the farmer, some masses up to 2 cuU; 
inches across occur., In the outer area, only the finer-grained variety is found. TV. 
mineral is typically reddish in hand specimen, and two different varieties may V 
distinguished when examined under the microscope—a massive brownish form,i 
part anisotropic, probably andradite, and a colorless, wholly anisotropic varittj 
probably grossularite, which occurs as vemlets in the former. About 10-15 per crt 
of all the massive garnet found at Rye Patch is truly anisotropic. This occurs oî  
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-metamorpii' 
hme-sihcate zones, as a rule, contains several different molecules. The garnet* 
Rye Patch is similarly complex. Chemical and modal analyses of the purest availatt 
garnetiferous tactite gave the following: 

;--• EriDOTE ( A N D C L I I 

»s6rt at Rye Patch, 
1^idutact, where it is th 

m. 

Per cent 
Almandite 5.48 
Grossularite 34,65 

35.99 
2.48 

,7.77 
2.80 
0.59 

Quartz 10.38 

Total 100.04 

Andradite 
Spessartite 
Wollastonite. . . . 
Diopside 
Sphene. 

SiOj. . 
A1,0». 
FejO,. 
F e O . . 
CaO. . 
MgO. 
MnO. 
TiOj . . 
H j O . . 

P t l CCl 

45.(M 
9.47 

11.36 
2.3« 

29.50 
0.51 
1.17 
0.22 

.0.36 

FIGURE 13.—Car; 

C«««t (G) transected by q' 
Cl. t>U|Tunmatic sketch from 

Total 100.01 

The veinlets of colorless garnet indicate fracturing before the completion of tl» 
garnet stage. In addition, more fracturing occurred in a post-metasomatic staji 
for the garnet is transected by later veinlets of hydrothermal epidote as well as quaru 
and still later carbonate (Fig. 13). 

DIOPSIDE: Diopside is common at Rye Patch, where it occurs in aU phases of ti* 
contact-metamorphic rocks and as a reaction mineral in the border phases of tli 
quartz monzonite. Not very striking in the hand specimen, it appears microscoji 
caUy as anhedral to euhedral colorless crystals, varj'ing in size from extremely SITJI 

particles to grains 1 millimeter long. Cleavage is well developed, and Z A c is slightl} 
less than 40°. The indices of refraction are: na = 1.670, tip = 1.677, n^ = l.M 
(diopside 92 per cent—hedenbergite 8 per cent). 

Ordinarily the diopside is closely associated with garnet; epidote, and idocrw 
Often veinlets of diopside transect the garnet (Fig. 14). In -view of its widesprt»< 
occurrence, diopside probably began to forni before garnet and certainly ended afur 
garnet. Veinlets of epidote cut the diopside. 

Diopside also occurs as scattered grains in relatively unmetamorphosed limcstoa 
associated v̂ fith a narrow rim of recrystallized calcite. Here, it probably represeai 
the recrystalhzation of scattered original impurities in the hmestone. Coarse radiiS 
ing aggregates of diopside were obtained from a ledge in the northwestern part of tif 
inner contact area (Fig. 15). 
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FIGURE 15.—Rod'ialing aggregates of diopside 
Oarli grains (Q) often occur at the centers of radiation. Interstitial calcite (C). Diagiamrhatic sketch from micro-

X IS. 

• to coarse, while the crystals are anhedral and distinctly pleochroic. In the inner 
" CMlact area, epidote occurs only in the tactite, ranging from irregular grains associ-
»led with garnet and diopside to pure concentrations averaging 6 inches in diameter 

.; .{ttiely, up to 1 foot). In the outer contact area it is found in the light sihcate rock 
••« well as in the tactite. In the tactite, the medium- to coarse-grained pleochroic 
V Indole (X, colorless; Y, green; Z, pistachio green) is closely associated with diopside, 

•|WMt, feldspaT, early and late calcite, and a Httle quartz. Occasional grains are 
: Btinned parallel to (100). In the light silicate rock, epidote is almost always present 
Mine grains in linear arrangement. In addition to the granular type, both contact 

;7.'Was contain later veinlets of epidote. 

72-
VZ'-< 'm- ' ' - -. .' .. 

2 - ' ' ' • • • 

" - i d 

-^ u -: 

• / . ; 

'- ': 5i 

psyy 

fvUs M 9 



Idz 7 940 C. J. VITALIANO—CONTACT METAMORPHISM 

Bi 

iiili 

The mutual boundary relationships suggest that the granular epidote 
diopside and garnet and is in turn replaced by idocrase. The vein material, hoi 
is definitely later than the feldspar. Epidote therefore seems to have been I 
either in one long period which probably overlapped diopside and garnet duricf̂  
contact metamorphism and continued into the hydrothermal stage, or in two ( 
stages, one purely contact; metamorphic, the other hydrothermal. Epidote i 
times occurs as a zone between grains of recrystallized calcite and feldspar. Il 
must have been formed soon after the introduction of the feldspar, as a rcactiosi 
between the latter and the carbonate. Later fracturing and alteration have afl 
all the epidote, as seen by the quartz and carbonate veins which transect and ini 
instances replace it. 

CLINOZOISITE is not common. It is rather rare in the inner area, but b i 
abundant in the outer. Prismatic grains, often 2.0 mm. long, show the weak I 
fringence (0.01) and positive optic character which distinguish this mineral I 
epidote. The clinozoisite is commonly associated with true epidote and diop 
Colorless, nonpleochroic clinozoisite sometimes rims epidote. The iron conlcd^ 
the emanations must at one time have fallen too low to permit the continued fa 
tion of epidote, and clinozoisite formed instead. 

TREMOLITE: Fibrous tremolite occurs as a contact mineral in association! 
recrystalhzed calcite, forming a tremolite marble in the southern part of the ( 
area. In the inner area it sometimes replaces diopside and, more often, coals sHj! 
metamorphosed limestone. 

The relative age of the tremolite is obscure, since a few grains of epidote i 
orthoclase are the only other such minerals found in the tremolite marble; botll 
presence in the zone of weakest metamorphism suggests that it may have fon 
there early, possibly before the anhydrous minerals were developed in the inncre 
tact zone. According to Bowen (1940), it is characteristic of the lower-tempenti 
stage of metamorphism. Radia.ting sheaves of tremolite of similar origin are fa 
just north of Panther Canyon in silicified limestone. 

SCHEELITE: The small amount of scheelite found in the tactite appears lol 
formed in a rather short period along with garnet, diopside, and epidote,; 
continuing after the epidote. . 

IDOCRASE (VESUVIANITE): Idocrase in euhedral elongated crystals is unifo 
distributed throughout the light silicate rock of the outer area. In the inneri 
it occurs largely in brown clusters varying up to 2 or 3 feet in their largest dimen 
In this form it is found also in contact with the basic dike rocks and generally ut 
only contact-metamorphic mineral formed by these rocks. Identification 
confirmed by X-ray diffraction patterns. 

The boundary relations with epidote indioite that the idocrase was the 
mineral to form. Its absence in the tactite seems to show that it was not for 
during the period of highest terhperature, but it may have been deposited in Ihecarf 
period of rising temperature, as well as after the epidote. 

WOLLASTONITE: Wollastonite is not common in these contact-metamorphic i 
Thin-section examination shows a colorless lath-like form which is, at least in | 
definitely late, since it replaces diopside, epidote, clinozoisite, and idocrase. X-s 
diffraction patterns were identical with known wollastonite. 
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ote rcpl»«| •;5CiLaTE: The simplest, probably the earhest, change resulting from the. intrusion 
ial, ho\ve\Tt1 ^ ^ hmestone by the quartz monzonite was the recrystalhzation of the calcite. 
been fona^'S ^ "̂  indicated by the occurrence of recrystallized calcite at every boundary 
t during tW (iSnen unaltered hmestone and silicate rocks or mineral grains. The last feeble 
two distiKl' flJRision of contact metamorphism might also have been simple recrystalhzation of 
)idotc soiM»| jSialcite. 
ar. ITcrtk^J ^JA'ATITE occurs in the inner area in small euhedral crystals not more than 0.05 
reaction na'i •••"^ length. The cry-stals usually consist of a brownish core, surrounded by a 
aveaffcctui' t̂ HVss rim, and are generally associated with sphene, epidote, and orthoclase. 
and in sow.^ jljfilite was not noted more than 5 feet from the contact, and then only in the neigh-

1?i ^dood of the pegmatites, 
but is mow"̂  tfSracESE also occurs in the inner tactite near the quartz monzonite-limestone con-
; weak bii»«-l ,ictand, like the apatite, only in association with pegmatite. It is always found in 
lineral froo : JBiUeuhedral grains which show pleochroism (X, colorless; Y, brown; Z, brownish 
id diopsidt.^ •O- Th^ small crystals of apatite and sphene occur in a matrix of quartz, feldspar, 
content rf.' iod carbonate between the larger grains of diopside and epidote. Their definite 

lued form**' Utodation with pegmatite seems to limit both minerals to this stage of igneous activ-
3 .)<y;but there is no reliable evidence for their exact place in the sequence with 

iation wili-i fpect to the other minerals, which undoubtedly were forming over a longer period,, 
if the outw fctfading the pegmatite stage. The apatite and sphene are earlier than most of the 
)ats slightly .Wspâ  and quartz, however. 

3 ... FtUKPAR (orthoclase and microcUne) and QUARTZ are interstitial to the lime sili-
jpidotc noi ^ • .*** minerals and in veinlets traversing them. Their formation seems to have been 
ble- but itt :,Jsi|nificant until the pegmatite phase. The quattz becomes more prominent in the 
ave toTtnti' :. ItjAothermal stage. 
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3 Although sufficient chemical data are not at hand to permit an accurate quantita-
, . ^ estimate of the changes occasioned by the metamorphisrri in the area, an approxi-

. lule idea may be obtained by mineralogical examination. 
2 : The unaltered hmestone contains, in addition to the calcium carbonate, carbonace-
yaa impurities and some quartz. Magnesia is present only in traces. Recrystalhza-
ii..fcfl has involved chiefly the elimination ofthe carbonaceous impurities; examination 
'illIbe recrystallized limestone indicates an absence of the myriad tiny opaque inclu-
Odoa JO characteristic of the original sediment. The formation of scattered grains 
ji.lifiopside may in part be attributed to the recrystallization of lime, magnesia, and 
I ' JSQ of the original rock. With the quantitative increase of silicate minerals toward 
.•iOiadincluding the tactite, addition of material from an outside source must be sought 
?i;to»«ounl for all the substance needed. 
^ii Tke assemblage of minerals in the silicate zone requires the addition of silica, 
i^ Aaina, iron oxides, some magnesia, a little manganese, litania, chlorine, phosphorus, 
|!J,B^len, fluorine, and water. It may be concluded, therefore, that these substances 
iff llTt been added to the sedimentary rocks from the intrusion in the process of contact 
?̂ ? .OrUinorphism. At the same time, carbon dioxide was driven off. 

/•TTM preservation of original structures of the sediments points to the retention of 
il^JInrwhime practically intact. In many instances, especially in the outer area, the 
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original bedding and the attitude of the former sediments are preserved even in I 
tactite. Splendid examples of this phenomenon may be observed in Panther Can 
and south of Agnes Canyon. In the latter locality, remnants of limestone occurij 
the light silicate rock, and the bedding passes undisturbed from the unaltered i 
into the silicated mass. 

LOCALIZATION OF AIETAMORPHISM 

The distribution of rock types in many areas of limestone contact metamorpla 
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, 1' 
p. 84). The following relations are found at Rye Patch, where the distribulioni "0** mineralizing 
metamorphic rock types is similarly complex: 

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

(2) Three layers now completely changed to calc-hornfels, 
(3) A definite zonal arrangement of silicate minerals and recrystalhzed hmesi 

in the outer area. 
(4) Irregular distribution of the metamorphic rocks of the inner area. 
(5) Small scale local alterations of the metamorphosed and unmetamorphosed 

near the intrusion. 
(6) Unmetamorphosed limestone in contact with the quartz monsonite fora' 

500 feet at the southwestern border of the intrusion. 
The extreme irregularities encountered in hmestone contact metamorphism maj 

explained in several ways. No single factor can explain all the phenomena; 
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 Clifl 
Morenci there seems to be a direct relation between the contact-metamorphic tl 
and the amount of quartz in the igneous rock. Tlie small size and the uniformitj 
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 
metamorphism should be greater nearer the intrusion. At Rye Patch, the disi 
tion of the various metamorphic facies in the outer area may be ascribed to disi 
from the source of heat and emanations, but the inner area, while reflecting the ii 
ence of distance, requires an additional 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 thil 
offshoot of the main intrusion lies not far beneath the surface, presumably mwt 
less sill-like in its upper reaches at least (Fig. 11). Within this outer area, we 
higher grade of metamorphism in the north, decreasing gradually sou thward and 
ward (Fig. 10). In the north, silication is much more extensive, and the varittfi 
contact minerals is greater. The marble zone is broader, while the unmetamorpi 
remnants of limestone are fewer and smaller. In the south, conditions are 
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ISctnt; tremolite is the only common silicate mineral, and it is not abundant; 
4rmarble zone is narrow; and the unaltered remnants are frequent and large. The 
|*fation from strong to weak metamorphism in the outer area can easily be ac-
acated for by increasing distance from the source of heat and emanations; in other 
•ads, to the south the intrusion lies farther below the surface. 
S b the inner area, where tactite is encountered at the contact, light silicates and 
ics marble succeed outward from the intrusion; where light silicate rock occurs next 

i to the quartz monzonite, a marble zone follows; and where marble fringes the intru-
^ it becomes finer-grained and contains fewer patches of sihcates away from the 

'^pwusbody. 
'; 0) Structural features in the invaded rocks. Bedding planes afford easy passage 
.If minerahzing solutions. Inclined strata, particularly, may aid their upward 

• tepition (Barrell, 1902, p. 394). At.Rye Patch, bedding control of the extent of 
..BrUraorphism is evinced in at least three ways:—(a) the widening of the inner 
lAi of metamorphism along the strike; (b) the relation of the outer contact area to 
ftr dip and strike; and (c) the narrowness of the aureole at the eastern contact, 
W5e\ed due to the fact that the strata conformably underlie the intrusion at this 
joiat (Fig. 11). 

The influence of fractures on contact metamorphism has been discussed by Hess 
ed Larsen (1920) but does not apply to Rye Patch because of the absence of any 
aiensive fractures traversing the invaded rocks, 

-f' Variation in porosity of different beds may be important in aiding selective replace-
Btnt. Lindgren (1904, p. 520) states that coarser-grained (and impure) limestones 
ut more susceptible to metamorphism than compact (and pure) lim,estones. At 

. Jtjt Patch, porosity may have been a factor guiding the silicating solutions along the 
kjen now composed of calc-hornfels, and possibly along replaced beds. 

(i) Composition of the invaded rock. Impure limestones are most susceptible to 
, jieration, igneous rocks are least. In the Rye Patch area, however, the country 
I |b<kas a whole is uniformly pure limestone. The manner in which the inner contact 
*rta cuts across a considerable thickness of these similar beds indicates that in the 

: tenediale vicinity of the magma metamorphic effects were due largely to emanations 
' Instn il and not to differences inherent in the intruded rocks. An extended analysis 
; W the question of original differences in country rock versus additions from the magma 
' taj made by Uglow (1913). Similar beds can be traced along their strike into differ-
J; «nt products of metamorphism. Obviously, the larger distribution of contact-
^•Brtamorphic effects did not depend upon composition of the country rock. 
• One outstanding example of selective replacement due to differences in composition, 
W?»e\Tr, seems to have been the three layers of calc-hornfels near the edges of the 

' tiaictamorphosed limestone separating the inner and outer areas (Fig. 10). These, 
. fwbobly, were originally more silty layers, similar to those occasionally encountered 
•••,» lhe limestone outside the sphere of contact metamorphism, and thus readily 
;. «*trwent complete metamorphism, aided no doubt by greater porosity and favorable 
•• tnitiide, while the surrounding pure, more compact limestones remained unchanged, 
f̂.̂  A»imiLar feature occurs nearer the intrusion on a very small scale. Here the 
t»<^pnal differences in composition are harder to understand, for the silicated beds 
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: Concerning 
il would seem 

can be traced along the strike into limestone apparently similar to that of the adja 
unaltered layers. However, even though mineralogical composition and poros^ 
appear the same, there must have been enough difference to render these beds ms | ; pjorinc and pi 
soluble, so that emanations chose these layers in preference to their neighbors. Bofl 
well (1905, p. 193) has advanced difference in solubility as an explanation of selecti* 
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FiGcniE 16.—Tourmaline-bearing pegmatite 
Showing tourmaline (To) replacing orthoclasc (R), pUgioclase (P), and microcline (M); apatite (A). Diagnma«t| 

sketch from microscopic field. X 15. 

repkcement at Bingham, Utah. An alternative explanation, less reasonable >| 
view of the small scale of the feature, would be local absence of emanations. 

(5) Variations in heat and emanations at the margins of the intrusion. The R,'»L... 
Patch intrusion is believed to be an offshoot of a larger buried intrusive, in firt. % r* ^I'^cimen 
essentially a cupola, and probably as a whole differed from its parent body somenla! 
in .temperature and escaping volatiles. Within its own comparatively small e.ttnt 
hovvever, such variations would be of a smaller order of magnitude. Neverthelcft 
by elimination of other determinable factors, these must account for the diSercM* 
in degree of metamorphism along the actual contact. The reasons for such \'ar» 
tions are not clear. 
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LATER PHASES OF THE INTRUSION 

GENERAL STATEMENT 

and its significance is discussed later. 

PEGMATITIC PHASE 

The pegmatitic phase of mineralization is marked by the development of pegnutitt j 
and a small amount of tourmaline. The pegmatites and associated apatite ui] 
sphene have already been discussed. The tourmaline occurs in veinlets in the nonkl 
ern margin of the quartz monzonite and in the aphtes and pegmatites, where it » | 
places orthoclase and, less often, plagioclase (Fig, 16). 
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Concerning the volatile emanations given off during this phase of minerahzation, 
liould seem that the halogens were somewhat lacking, although no doubt a little 
fcorine and possibly a trace of chlorine were present, and a limited amount of boron. 
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HYDROTHERMAL PHASE 

General considerations.—The hydrothermal phase is represented by silicifioition, by 
fil prominent quartz veins vvhich cut the major rock units, by tungsten and sulphide 

: BJaeralization, and by carbonate veins. 
Silicification.—Silicified areas are irregularly distributed throughout the limestone, 

1 »iid\ they resemble sp closely that they are diflicult to distinguish in the field. The 
Best prominent example of silicification is at the faulted western edge of the intrusion, 
fiere specimens of the quartz monzonite from the mine show replacement of almost 
iS the original constituents by quartz. A few remnant grains, chiefly zircon and 
lielite, indicate the nature of the original rock. The quartz shows typical secondary 
tnnures, such as feather and mosaic structure. Some later disturbance, probably 
tx faulting, has sheared and bent the quartz. Silicification has also occurred in the 

[ enter contact area accompanied by introduction of orthoclase and sulphides. In this 
bafion, the sihcified zone passes upward into tourmaline-bearing quartz veins 
f«.12). 

\ -'̂ Qitarlz wires.—Quartz veins are common in the area, occurring in the quartz 
-totuonite, in the tactite of the outer area, and in the limestone. They consist 
. I«ltly of massive white to grayish-white quartz. Sulphides are carried in the veins 
ratling the quartz monzonite, while conspicuous needles of tourmaline are found in 

:. At two large quartz veins traversing the tactite of the outer zone (Fig. 17). In the 
= ,fcwd specimen these needles are dark brown,and under the microscope, greenish 
"t»«mi. They are often replaced by calcite. 

:•:''= ̂ 'ilhin the limestone the quartz veins sometimes parallel the bedding. In the 
• Icrthwestern jjart of the area, a prominent bedding veiii carries scheelite associated 
••' wKi alcile, but no tourmahne. This vein is associated with aplitic material which 
;;. h6 invaded the limestone. 
Z Salphidc mineralizalion.—The sulphides accompanying, the silicification in the 
imUtt zone and in the limestone are arsenopyrite, pyrite, pyrrhotite, sphalerite, some 
fiiTA, and tetrahedrite. Pyrite is the most abundant, forming euhedral grains 

. Btyrnally in the replaced limestone (Fig. 18). The inner contact zone is almost 
;lr»oM of pyrite and contains none of the other sulphides. 
32 "IW quartz veins within the monzonite carry sulphides and are being developed 
l- i|9 'J* Rye Patch Agnes mine in the northern part of the intrusion. Mineral relations 
1\.«« belter exposed in the workings of the mine. Openings have been made on three 
;J5.Wi»;lhc upper two had reached the silver-bearing veins, while the lower one, start-

t»onie distance to the west, had not yet done so when the writer was last in the 
•>il|»it Most of the workings are in the intrusion proper, some are actually on the 
/î fUrti wins, and some pass into the adjacent limestone. 

'.r(;JU wins which carry the economic minerals are of white massive quartz, which 
ji«w» abundant evidence of later crushing. In general, the walls of the veins are 
'iim^ marked, although in several instances silicification of the quartz monzonite on 
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both walls tends to destroy this demarcation. The veins dip steeply and the ore-
bearing ones strike east-west. 

Greisenization and a slight amount of tourmalinization have occurred in the veil 
walls. Molybdenite, pyrite, chalcopyrite, sphalerite, galena (silver-bearing), an̂  
tetrahedrite represent the complete suite of ore minerals. 

FIGURE 17.—Tourmaline in quartz vein from 
outer contacl zone 

Tourmaline, To; quartz, Q; calcite. C. Diagraminatlc 
sketch from microscopic field. X 15. 

FIGURE 18.—Silicified aiul pyritized limeslm 
showing various stages of quartz (Q) iotroductia 

Fyrite represented by black grains. Diagrammatic lUtt 
from microscopic field. X 15. 

Deposition of some of the early minerals was followed closely by shattering; thifl, 
pyrite and sphalerite arc noticeably fractured, and the pyrite in some instances hs 
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 pyiili 
zation in the east, in the outer contact zone. 

A slight amount of leaching has left remnant cavities corresponding in form tt 
pyrite crystals. 

The occurrence of molybdenite, generally regarded as a higher-temperature mi> 
eral, does not necessarily mean a hypothermal origin for the veins. Vander»3l 
(1933, p. 571-572) describes molybdenite-bearing quartz veins associated wi4 
sulphides, a condition similar to that found in the Rye Patch Agnes mine, and con­
cludes that this type is "probably formed under conditions more closely approachisf 
those of the mesothermai." The well-defined vein walls support the mesothernai 
origin for the Rye Patch veins. 

Tungslenmi-neralizalio7i.—^In the limestone almost half a mile north of the intrusioi 
are scheehte-bearing quartz veins of the bedding and fissure types, associated VTA 
the numerous aplitic injections. Four claims covering the known occurrence of ih 
ore are situated on the ridge just north of Panther Canyon—constituting the Panlba 
Canyon prospect. One large bedding vein is exposed in a trench which extends (d 
320 feet along the steep canyon wall. Three olher small bedding veins have l«» 
exposed in the workings. . ;'.• 
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Tliese tungsten veins are associated with the silicified and silicated areas bordering 
if aphte and camptonite dikes. The extent of such metamorphism is negligible 
cwnd the camptonite but is significant near the aplites. The brownish, fine-
pined aphtes, whose outcrops are sometimes lenticular, are somewhat similar to 
Iwe of the Oreana area (Kerr, 1938). Certain limestone beds change color along 
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FIGURE 19.—Silicified lens in limestone 
Sm the Panther Canyon prospect. Quartz, Q; orthoclase, O; actinolite. A; epidote, E; limonite, L. Diagrammatic 

*rsk|frT>m microscopic field. X IS. 

6e Strike and resemble the aplite intrusions. Thin-section examination shows that 
Aoe beds are progressively sihcified; in addition, orthoclase and innumerable sheaves 
«/aclinohte have been produced (Fig. 19). Further silicification away from the 
irosmish layers has produced numerous nodules of white chert, accompanied by 
jbfous aclinohte. The relation between the quartz veins and the altered zones is 
lafiated by the occurrence of quartz veins in the center of the zones and their occa-
tional gradation into each other. 

The vein quartz is massive, white, frequently crumbhng with ease in the hand 
(fedraen, and contains occasional -vugs lined with quartz crystals. Quartz, scheelite, 
ladcalcite are the only vein minerals. In contrast to the quartz in the outer contact 
jBfte, tourmahne is exceedingly rare. Quartz was the earliest mineral to be deposited, 
Movked closely by scheelite. Calcite transects both the quartz and the scheelite. 

.\ trace of scheelite was found in an aphte dike within the quartz monzonite, and 
krther traces were found in the epidote-garnet rock on the southern contact of the 
JKnision. 'When the locations of the tungsten occurrences are mapped they show a 
ifdded hnear trend, coinciding vvith the axis of the arch in the sediments, suggesting 
tlai the locahzation was controlled by this structure (Fig. 20). 

... .\plites are abundant where tungsten is prominent and appear to have afforded 
Juage for the tungsten-bearing solutions. The association of scheelite deposits 
tkhaphtes has been described at Oreana, Nevada (Kerr, 1938), and in the Federated 

• Hihy States (Willbourn and Ingham, 1933), but the genetic relationship between 
•6et«ro has not been established. Recently Kerr (1940, p. 208) stated: "Aplite and. 
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pegmatite dikes or quartz veins favor concentration of tungsten evidently as conduii 
from the magmatic sources. The conduits frequently contain traces, but rairi 
concentrations of tungsten minerals." 
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FiGUR£ 20 .—Plan of tungsten occurrences 
Showing their relation to the arch in the sediments, •which is outlined by dashed Unes 

The scheelite found at the Panther Canyon prospect is evidently hydrothcrm', 
differing from the deposit at Oreana, where the scheelite is associated with pegmatiia 
According to Butler (1927, p. 238) and Finlayson (1910, p. 26) scheelite is notneca 
sarily formed only at high temperatures but continues to be deposited, prbbablyi 
decreasing amounts, at lower and lower temperatures. A similar occurrence i 
scheehte has been described by Hulin (1925, p. 77) at Atoha, California. 

The scheelite was formed when most volatiles except water were either rare 9 Z *"*""'" ^- ^-. (̂ -̂'' 
absent, as suggested by the absence of any considerable mineralization in the vtb f 'h -^ , c / tqaZZ 
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jBper. In the isolated instances of scheelite found in the aplite and in the contact 
itd, there is no evidence of hydrothermal.activity, this scheehte may have been 
bfflfd contemporaneously with the aplite and the contact metamorphism, re-
.̂ Ktively. 

i / CONCLUSIONS 
• • , ' ' - • 

iilO Contact metamorphism at Rye Patch, Nevada, involved considerable cliange 
ii composition, mainly the addition of silica, alumina, and iron oxide, and subtraction 
rforbon dioxide. 
-. (J) No appreciable volume change occurred. 
^0) The contact-metamorphic changefs depended mainly on the magmatic emana-
fas, since the original sediments were uniformly pure hmestones, except for three 
kmains where they may have been silty. 
;. (4) The distribution of metamorphic effects is believed to be due primarily to 
iitince from the intrusion, modified locally by (a) bedding of the invaded strata, (b) 
.oAlions in composition, porosity, and solubility of the original limestone, and (c) 
jsftitions in heat and emanations at the margins of the intrusion. 
|r (5) The outer contact area is thought to be due to another tongue of the intrusion 
.•Ucb has not yet been uncovered by erosion. 
•• (6) In its upper reaches, the intrusion is sill-like and has pried apart the limestone 
Wl. 
:. (7) The arching of the sediments is believed to indicate a northward extension of 
6* intrusion, parahel to the strike. 

*?(i)The diopside and andradite are the oldest contact-metamorphic minerals; 
• *a<tadite was succeeded at some stage by grossularite and was in part altered to 
î fiiote. Some diopside vvas altered to tremolite. The exact relations qf the ido-

ieut, trcmohte, and wollastonite are not so clear. 
•',:"(?) The distribution of the tungsten minerahzation and aphte dikes in a linear belt 
.(BJsdding vvith this arch suggests structural control. 

/ .̂-.1(10) The scheelite veins are of low-temperature hydrothermal origin. 
7: (11) The aplites associated with the scheehte-bearing quartz veins probably 
'̂ iSmied passage to the tungsten-bearing solutions. 
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