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. Hornblende lamprophyre
. Sketch map showing distribution of rock types in outer contact area
. Section along north wall of Rye Patch Agnes Canyon
. Cross section through otiter contact zone in South Panther Canyon
. Garnet in tactite -
Garnet and diopside in tactite
. Radiating aggregates of diopside
. Tourmaline- -bearing pegmatite
. Tourmaline in quartz vein from outer contact zone
. Silicified and pyritized limestone
. Silicified lens in limestone

ABSTRACT

In the Rye Patch area in the wi est central part of the Humboldt Range Nevada, Triassic}
limestones interbedded with silty layers have been intrided by igneous rocks, the principal ty
being a quartz monzohite. The quartz monzonite is surrounded on the north, east, and south bst
aureole of contact metamorphism. On the western side faulting has cut the intrusion so that|
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. o o

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

‘The sediments are deformed by the intrusion into a small northerly trending arch. Aplite db
and quartz veins appear related to the arching-and also to the formatlon of scheehte !

INTRODUC TION

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

This investigation has comprised the study of: (1) the original sediments; '.
igneous intrusions; (3) contact-metamorphic products; (4) paragenetic sequences

j the contact-metamorphic mineraIS' (3) reasons for the localization of the metamorp

therma.l phases, including most of the tungsten mlnerahzatlon

Tungsten mineralization along the western slope of the Humboldt Range may bg
associated with two granitic intrusions. The Rocky Canyon intrusion, essentialg
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 miles ¢

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 pa

~of the area in detail. The mineral ‘relationships have been further investigatedt

the laboratory microscopically, chemically, and by X-rays.
« The writer is deeply indebted to Professor Paul I'. Kerr of Columbia Um\ersm
who suggested the problem and who has given helpful criticism both in the field adj

-in the preparation of the report; to Mr. Charles H. Segerstrom, president, and M

ott F. Helzer, general manager, of the Nevada- Massachusetts Mining Compa
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C J VITALIANO—CONTACT METAMORPHISM

‘GENERAL GEOLOGY

‘The Rye Patch area is largely underlain by blue, thin-bedded, northeasterly s Thin-bedded blue-
ing limestones, the prevailing dip being to the west. In-Rye Patch Agnes Canyj Mest of the area. 1
-a-roughly oval-shaped area of brownish rock of about 20 acres marks the outcro ‘%tone strata are :
the quartz monzonite here described as the Rye Patch intrusion. . e of. magnesiu m)

~ The intrusion has produced two areas of contact-metamorphic rock, separated i y members contai
a zone of relatively unmetamorphosed limestone. The first of these (called in L5 The sediments arc
paper the inner area) contains some tactite and recrystallized limestone but is chify vfw'a\er rhyolite of th
light silicate rpck. It appears to surround the intrusion on the north, east, and c% o those described by
sides but does not outcrop on the western side because of faulting. The second (calig 30), and Kerr (1
‘the outer area) is linear in outcrop with a trend parallel to the strike of the sedim e’d them to the
and is situated east of the first area. It is composed more abundantly of tactite & fauna representi
also contains light silicate rocks with appreciable recrystallized limestone. ’rﬁn)'o’n a few coiled

Aplite and pegmatxte dikes, along with quartz veins, represent later stages ofﬁ iy identification.
quartz monzonite intrusion. Pegmatites are limited to the border of the mtms “The contact betwe

* while the aplites and quartz veins are more prominent in the rocks some distat} ther Cényon sug
removed. Some sulphide and tungsten mineralization has accompanied vein fillg§ A Rye Patch, part ol
and an attempt is being made to work sulphide-bearing veins containing silver in s exposures in oth:
Rye Patch Agnes mine. Tungsten mineralization is almost Jacking in the immed %ﬂ:ggcst the existence
vicinity of the intrusion, but some scheelite is fou ndi in the quartz veins associated P

Brot well exposed. 3
- the aplite dikes to the northwest. 5 o the late Paleozoic,

* Two other types of inttusive rocks, whose effect on the limestone has been negly: ‘minics in the lower ¢
" ble in contrast to that of the quartz monzomte are dlkes of an-older metadlorlteaf ’ Avolite formation as

a younger camptonite. . : S .

The broader structural features are sho\\n on the map (Fig. 2).. In general,tf

hmeston_e and its metamorphic derivatives strike rather uniformly N. 15° E. (£, g
“and dip 46° to 74° W. Across these dipping beds the surface of the monzona@uds ) )
intrusion, which occupies rougly the center of the map, rises from west to east atgl  Both acid and basic
angle of 12°. : , i'The carliest is a me
The intrusion is bordered by an aureole of metamorphosed hmestone e)\ceptlom& i brgest and most imp
wide near the middle of the northern rim. This-wide triangular area coincides wig {anyon, lees 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 dipslitis _
indicated, the outcrop should continue up the valley.. Since it does not, either ! p One outcrop of meta
intrusion dips into the hill at a lesser angle or ‘ends here. The recurrence of mea§iiaf the Rye Patch Agne
morphosed limestone 500 feet to the east suggests that here either the same intry theast. The latter
or an ofishoot once again comes close to the surface (Fig. 11). gart of the inner cont

- Near the eastern end of the outcrop of the intrusion, steeply inclined dikes lui b cut by later dikes.
off toward the NNE. and SSE., along fractures that essentially parallel the bedsas Mineralogically, th
the near-by contact of the limestones and the quartz monzonite. The who]e feary i fidrous actinolite, bioti
is too small to warrant speculation concerning its origin other than that the fractun§s M some apatite, alo
opened as a consequence of the intrusion itself. A few quartz dikes occupy relaﬂi‘.}mcnt in fair amoun
directions as do several small faults. #milar to that in the
The intrusion is cut off near the western margin of the map by a normal fault thefgtidaother facies iscompe

. dips about 45° W, ; mrbetween folia of c




SEDIMENTARY STRATA

SEDI \’IEN TARY STRATA

rt}?r:;::t s dclncg Fm‘er thyolite of the I\oxpato series on the east. The limestones are a continuation
’Ihes ag 5";:“ those described by Ransom (1909, p. 31-32), Knopf (1924, p. 29), Jenney (1935, p.
econ (ca 30), and Kerr (1938, p 398) in the area: 1mmed1ate1y to the south. ]enney
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N west to east au{’i ; Bolh ac1d and ba51c rocks intrude the sedlmentary strata of the Rye Patch area.

‘Pe catliest is a metamorphosed diorite, exposed in two small outcrops. The
stone, exceptionally Wt and most unportant is the- quartz monzomte found in Rye Patch Agnes
area coincides mlh &
he intrusion. i 5
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928 . . _ C. J.. VITALIANO—CONTACT METAMORPHISM

Knopf '(1924)'dated the metadiorite as Triassic or earlier because of its metamorgg# ﬂin,e quart
character and connected it with the Triassic igneous activity. . Kerr (1938, p e of the |
and Jenney (1935, p. 30) described. rocks of the same type from the central Humbd {a, bedding

“Range, just south of Rye Patch. . ‘ findicated by
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A _ o ' ’ ?
‘ F16uRre 4.—Metadiorile phases : f
" 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, un

.. Diagrammatic §lietches from microscopic'v field.
QUARTZ MONZONITE .

" The quartz monzonite is- light-colored, medium-grained, composed of quisg " Frous

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 Exposurc

minerdlogy. The biotite occurs in well-developed grains averaging 5.0 mm. in lergfz: #pper reac

-and ;showing-marked absorption—(X) colorless, (Y) dark green, (Z) dark gn : fvading

Both sericitization and carbonation of the feldspars occur along fractures, v ﬁaﬂuring O
biotite grains have been slightly corroded. The following is an analysis of this mestension «
determined by the traverse method: ‘ . ! ike cha

TQuartz. ... R Apatite. ........ ... . this arca

Oligoclase. .......... e . Epidote................. PETU N Ser
Microperthite. . ......0........ 26, Calcite. .......... e ; W a litt!

' Hematite.................... . ?m ially

Orthoclase.......... e

Microchine. .................. .
Biotite. . ..o .

Magnetite. ...
" Muscovite. ...
Sphene............. ..ol

]ointing is' well developed in the northeastern part of the intrusion: The p

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. ' '
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"its metamorpl e quartz monzonite has been intruded into the limestone strata. - At the eastern
rr (1938, p. ‘“ﬁ e of the limestone the contact can be seen in numerous exposures and conforms to
antral Hu m : bedding of the sediments (Fig. 5). The western contact is obviously faulted, as

#lated by the existence of a crush zone (Fig. 5). :

AN
LAY
WRRNNR

:; biotite, dashed Ny : ”

d feldspar, unct}hﬂ:; :

AW

—Q

o SCALE

posed of quarg FiGURE 5.— Diagrammatic representation of the weslern contact of the quariz monzonite -
perthite make : ' ' nd tl : \

L grains." Biot ; . - v . : , :
ite—complete the §:% Exposures on the northern side of Rye Patch Canyon clearly indicate that in'the
5.0 mm. in lengdh figget reaches of the intrusion the limestone beds have been pried apart by the

The crush zone and the zone of silicified mouzonite are shown

. (Z) dark green@tbmading magma. Arching of the sedimentary rocks has been accompanied by .
aring of the competent beds and drag folding of the incompetent (Fig. 6). The:

i
alysis of this ro$ #eresion of the arch northward is believed to be due to the continuance of this
: : ¢ character of the intrusion. o

) A petrographic comparison with the Rocky Canyon intrusion about 10 miles south
........ - 0.2 thi area shows that the Rye Patch rock is finer-grained, more compact, and con-
""" ) L!‘gfm; little more biotite than the former, but otherwise the two appear to be sub-

..... 0.1 SR marhlly the-same. Probably both-extend downward to the same granite mass.
o ) Vet the Rye Patch area, the lack of Mesozoic sediments later than Middle Triassic
: M&l the quartz monzonite to post-Middle Triassic. *. Unless positive evidence to

"""" M (&uu_m_rary can be established, it is reasonable to assume that the quartz monzonite -
’an to the same magmatic epoch as the widespread intrusions of western Nevada.

ision: The joibBE Ane, according to many different investigators,! are probably post-Jurassic.
5.y and the otbg§ ismme— o : ' -
Faderback (1904, p. 318); Spurr (1903, p. 133); Ball- (1908, p. 42); Diller (1908, p. 90}; Lindgren (1915, p. 14); Knopf

> intrusion pro : d _
Y Y g:imb 1W; Kerr (1934, p. 14); Jenney (1935, p. 47); Ferguson and Muller (1936, p. 394); Gianella (1936, p. 43); Kerr

o 01}, _ .
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limestone and the intrusion which probably exists only in the upper reaches of the ig_neous mass.
- invaded and altered the limestone. Here tungsten mineralization has resulted

stone immediately below a scheelite-bearing quartz vein and across the crest of ¢ it

C. J. VITALIANO—CONTACT METAMORPHISM

APLITES

‘areas. It'is
éRyc Patch, :
" into pegmati
‘into a quart>,

The aplite dikes eitﬁér fill joints or occur at random thr_éughout the quartz md
zonite. They vary in width from 1 inch up to 1 foot. Aplites also occur about
a mile north of the intrusion, where they reach 2} feet in width and where they h

QUARTZ VEIN
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: SCALE 'IN FEET o _ ;
TIGURE 6.—Section along north wall of Rye Paich Agnes Canyon , :? -

Showing localarching of the overlying limestone beds over the intrusion. Note the conformable relation betwea B, -

18
SR
late phase of this invasion. Sill-like aplitic layers occur intercalated with the lin i:;‘%

structural arch: : '

3.

Quartz, orthoclase, microcline, oligoclase, and some microperthite make up m The tl!il';h sho;-s_
. . . . . o 4 . .W' .
of the aplite, the remainder consisting of a few scattered grains of biotite and o }%m'mo ,h:ms;id'

sional muscovite. The texture is medium- to fine-grained.

PEGMATITES n many pla
‘ Aren mapped
Siciaem Jenney (1
i granite. . The -
$9ch Mine—
weral places
Blact-metam

Quantitatively, the pegmatite stage of the intrusion at Rye Patch has not
extensive. Unlike the aplites, the pegmatites are restricted to the immed
vicinity of the intrusion. They pass downward into the quartz monzonite,
upward into quartz veins (Fig. 7). The passage of pegmatites into the
magmatic body, into quartz masses, or into aplites has been reported from




t the quartz ma . h‘t Patch, an excellent exposure shows the transition from the quartz monzonite
f &% pegmatite, which in turn becomes more and miore quartz-rich and passes finally
quartz vein; the entire change is accomplished within 25 feet (Tig. 7).

QUARTZ VEIN

i

AN

SCALE IN FEET

N

FI1GURE ' 7.—Pegimatite relations

hite make up m Aetch shows the gradation of pegmatite into quartz above and into quartz monzonite below. This change is very
#dml, with mall isolated patches of the new phase appearing first. These grow more numerous- and larger, and pass

< e | LN
f biotite and oq Aty loeo the solid mass,

.iAMPROPHYRES ,
: _ﬁl"mny places basic dikes younger than the quartz monzonite are found. . In the
8 mapped these have been found only in limestone. Immediately south of the
s Jenney (1935, map) has shown these same dikes cutting the Rocky Canyon
te. The dikes are nearly always vertical and in some cases—e.g., at the Rye

“Mine—they follow fault planes. Their width never escceds 25 feet. In

] places schistosity is ‘developed near the walls of the dikes. Occasionally,

AT i S ST T ORI Tty £ P S e ST SR
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Patch Mine w
g¢ form phenoc

‘minerals are patchy i in dxstrlbutlon, 1docrase generally being the most alx
(Fig. 8).

An east-west line, drawn just south of the Rye Patch mtrusxon divides thesegiigimlinred to by Rang
rocks into two groups: Those north of this line contain hornblende and bloutc, i ” map).

, g 7
§/ 65°

LIMES TONE 7=\
N ‘

S o
oPHYR \//

B LiguT SILICATE ROCK

-— PP o 10 20 FEET
—

Ficure 8.—Contact metamorplzism- around lamprophyre dike

Pace-compass map showing contact metamorphic phenomena produced by the intrusion of lamprophyre into Qs
stone. Occasional masses of 1docraﬁe are developed

“south of it biotite alone., The remaining minerals are the same. The feldsjatd
andesine (ne = 1.549, n, = 1.538), optically positive, showing-excellent zonal
velopment and twinned according to both the albite and pericline laws (Fig.§
"It and the ferrotaagnesian minerals 6ccur both as phenocrysts and in the grounds
Occasionally these minerals occur in two generations of phenocrysts (Fig.
Magnetite is the most prominent accessory mireral. Hydrothermal alteratioa
caused sericitization of the feldspar; carbonation of the feldspar and amphibole,
chloritization of the biotite and amphibole. Various stages of alteration may be j

' the extreme being carbonate pseudomorphs aftér andesine and hornb
Weathering has oxidized magnetite to-limonite, particularly along fractures.
view of the mineralogy..it seems proper. to classify these rocks as hornb
lamprophyre and mica Iamproph) re, respectively.

Thin sections of a related dike rock occurrmg to the south near the portalo! ‘

[

Mlcls. The role «
ye Patch area has




INTRUSIVE ROCKS

ost abundiigs ‘Pntch Miﬁe were corﬁpéred with thoée in the area mapped. Andesine and
S ite form phenocrysts in this fock, while hornblende is absent. This dike was
les these & aﬁmd to by Ransome (1909, p. 44) as a diabase and mapped as such by ]enney

I)lotxte thm MS map)

CONTACT METAMORPHISM
GENERAL STATEMENT"

* The intrusion of the quartz -monzonite has resulted in three types of contact,

morphlsm (1) the recrystalhzatlon of the or1gma1 limestone; (2) the mo%t

W hsrofels. The role of the lamprophyre= in the contact- metamorphlc history of the
KJ! Patch area has been neghglble Recrystalhzahon of the hmestone sometlmes
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C. J. VITALIANO-—CONTACT METAMORPHISM
of the int

The inner area of contact metamorphlsm surrounds the igneous rock on thm
ton (Fig.

The outer area is lineatr and varies in width (Fig. 10). It starts southcas‘ g
quartz monzonite and follows the strike of the’ sediments northward for apg

e the availabl:
dyeimet epochs of
o .

! g'm btlwccn th
_ };/“@;L ‘:lhrce(h\[c
Buese | Bl g
MLxcanxu’cna ; . e ‘wWimal grains o[

@ ‘TAC‘TlTE

B(J)O FEET

) F1cure 10.—Sketch map showing distribution of rock types in outer conlact ares
Tactite occurs in the northeast portion of the area, and grades westward and southward into light sificate rod
- 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 ol &
- stone about 400 to 600 feet wide, which is unmetamorphosed except for a few§
lenses of calc-hornfels.

RECRYSTALLIZED LIMESTONE

- Large areas of white recrystallized limestone are scattered throughout the
Patch area. In the inner contact aureole, they occur on. the northern and sou
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ides of the intrusion. Two limestone pendants in the extreme northern part of the
Rintrusion (Fig. 3) have been almost entirély recrystallized. "In many instances, the |
marblé 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
sattered throughout the marble. The ¢ontact 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 CODtlHlllty 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 wrxter, 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’

f. 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 hmestone at
lnst at its front, and sometimeés for a considerable distance in advance. '

CALC-HORNFELS

. Three layers of a brown, sugar-textured rock are observed in the sediments in the

- 7 zone between the contact areas. These range from 6 to 20 feet in width. The rock

% “"in the three layers is ﬁne—gramed averaging about 0.02 mm., and is composed largely

'} of highly interlocking quartz and orthoclase with some calcrte epidote, and diopside

-in prominent fine-grained aggregates, accompanied by needles of actinolite, occa-

siona) grains of idocrase, some chlorite, antigorite, and a little sericite. The entire

" mass has been fractured, and later epidote, pyrite, and carbonate were mtroduced
i “while a deﬁmte quartz vein traverses one layer

: SILICATE ROCKS

tarea - " Inner area—In the inner area, well-developed masses of contact-metamorphic

it sificate rock. Thl [B.i° llhmte 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-

ontact the sediments lie conformably beneath the igneous rock. This fact may
have 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 unrecrystalhzed 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.
‘ghout the Rye Underground, the lower workings of the Rye Patch Agnes mine cross this contact.
11 and southem In the main tunnel, the Jimestone is separated from the quartz monzonite by a

a

i a strip of limes
t for a few thin
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936 C. J. VITALIANO—CONTACT METAMORPHISM

prominent crush zone and a zone of silicified quartz monzonite (Fig. 5). A dd
northerly from the main tunnelon this' contact is reported to have encountered sim Mocrase, feldspar, fine-
material along its entire length, some 75 feet, but the caving of this drift prevent¥$%i¢f the zone tremolite
- 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 direcf

- BEB TACTITE
" 771 LIGHT st
" =28 MARBLE
B4 LIMESTO!
[ SILICIFIEL
] QUARTZ

- 7 //I/
g7

N
W

CALC -HORNFELS

FicuRE 11.—Section along north wall of 'Ryc 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. R R
The absence of more strongly silicated limestone at the western contact thus mg%
be attributed to faulting rather than to selective replacement of the limestone. T,
silicification of the quartz monzonite along the fault without any correspon
-alteration of the adjacent limestone indicates post-hydrothermal movement.
The highest stage of contact metamorphism is represented by 'tactite, which &
mainly a medium-grained, grayish, compact rock, composed of epidote, garnet, G%%&nlnne up to 15 feet
diopside accompanied by a few accessory minerals—feldspar, quartz, sphene, i The light silicate roc
apatite. At two or three scattered localities limited to the southern boundary ¢f; 248 3 broad band in the
the quartz monzonite, coarse epidote and garnet occur. In one of these localitie t
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 inchsk
-diameter, are encountered.  Remnant -masses of original limestone up to 2 &
inches in their largest dimension are encountered in the. tactite of this area. 'Ihm
still retain the grain size, bedding, and carbonaceous impurities of the sediments. i
are'always rimmed by marble. ‘ ' : r
The. light silicate rocks are usually composed of -idocrase, light-colored ga ilrtperature minerals \
fine-grained epidote, and diopside, with some quartz and orthoclase. No defabgii=i/fifrms until the maxiny
boundary can be draWn between these and the tactite. In a few pl:ices, 'wid!% ,Jggmitmturc minerals
scattered segregations of idocrase or tremolite are the only evidence of the s that were formc
silicate zone. Unmetamorphosed remnants of limestone were not found in the § i .:i_ons would preve:
“silicate rocks of this inner area.. | ) D S %3 temperature. ¥
Outer areca.—On the whole, the same types of contact-metamorphic silicate rod i%gim would introduce
" are represented as in the inner area, but they differ stiikingly in areal distributa ; : wﬁ?f&!ncmls would be
The tactite is more limited in extent but mineralogically it is similar to that of -4 might be entirc!
"inner area although the texture is slightly coarser. On the south and west it pas ly relative, since
into the light silicate zone (Fig. 10). ’

Ficure 12.
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CONTACT METAMORPHISM 937
The light silicate rock in the northern part of the zone is compose:d of diopside,
idocrase, feldspar, fine-grained epidote, and some quartz, while in the southern part
. of the zone tremolite and recrystallized calcite predominate.
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" FIGURE 12.—Cross section through outer conlact zone in Sonth Panther Canyon

Showing gradation from the silicified zone in tactite, existing at the bottom of the canyon into quartz vems (solid
,':, \hck) which are found on the upper walls of the canyon.

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

- The hght silicate rock passes on the west into recrystallwed limestone, which occurs
ina broad band in the northern part and grows narrower southward (Fig. 12).

CONTACT METAMORPHIC MINERALS AND' PARAGEN ESIS

Contact meLamorphlsm mvolves ﬁ1<t rising temperature and i mcreasmg amounts
of volatile matter from the magma;u ntil 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 rearly constant during -a contact-metamorphic period, . lower-
i temperature minerals would form first and would be replaced by higher-temperature
2% forms until the maximum had been reached; then these would be replaced by lower-
temperature minerals as the temperature fell.

!peues that were formed during the rise of- tempemture but in other cases irrev emble

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

Some of these might be thiesame
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At-Rye Patch, evidence for the complete paragenetlc sequence is lackmg Pro}
able relationships are as follows:

< sJ‘
GarNET: Garnet is much more abundant in the inner area than in the oula :

Although generally medium- to fine-grained in the former, some masses up to 2 cub
inches across occir. In the outer area, only the finer-grained variety is found.. Thf
mineral is typically reddish in hand specimen, and two different varieties may
distihguished when examined under the microscope—a massive brownish form, }
part anisotropic, probably andradxte, and a colorless, wholly anisotropic vanct\
probably grossularite, which occurs as veinlets in the former:

" of all the massive garnet found at Rye Patch is truly anlsotroplc ‘This occurs on}
in two places—the one in the inner area, near the southern contact of the mtrusxn,
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 avalla
garnetiferous tactite gave the followmg

Per cent

’ Almandite
Grossulgrite

Wollastonite
Diopside

The veinlets of colorless garnet indicate fracturmg before the completion of thy b

garnet stage. In addition, more fractunng occurred in a post- -metasomatic stag, ¥

- for the garnet is transected by later veinlets of hydrothermal epldote as well as quarti§
- and still later carbonate (Fig. 13).

Dropsipe: Diopside is common at Rye Patch, where it occurs in all phases of th '

contact-metarnorphic rocks and as a reaction mineral in the border phases of th *u
. quartz monzonite. Not very striking in the hand specimen, it appears microscop
cally as anhedral to euhedral colorless crystals, varying in size from extremely sml
particles to grains 1 millimeter long. Cleavageis well developed,and Z Acis slight
less than 40°.. The indices of refraction are: n, = 1.670, ng = 1.677,n, = 1.4
(diopside 92 per cent—hedenbergite 8 per cent). :
Ordinarily the diopside is closely associated with garnet; epidote, and idocrase,
Often veinlets of diopside transect the garnet (Fig. 14). In view of its widesprea
" occurrence, diopside probably began to form before garnet and certainly ended afc
garnet.” Veinlets of epldote cut the diopside. : '
Diopside also occurs as scattered grains in relatively unmetamorphosed limestoa 3
associated with a narrow rim of recrystallized calcite.. Here, it probably repres
the recrystalhzatxon of scattered orlgmal impurities in the limestone. Coarse.radia

inner contact area (Plg 15)..
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acking. ~ Prob-- ErinoTE (aND CLINOZOISITE): Epidote is widespread in the contact-metamorphic ‘4
. wones at Rye Patch, and it is also found in the ‘quartz monzonite ‘itself near the L?
\in the outer. .ontact, where it is the result of endometamorphism. The grain size varies from fine i

s up.to 2 cubic #
is found. - The-
ricties may be
whnish form, in
iropic variety
10-15 per cent ;
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, . ' FIGURE 13.—Garnet in tactite Fi16URE 14.—Garnet and diopside in tactite
I;‘S' ‘6:‘ s ("T'Mt (G) transected by quartz (Q) and later ‘calcite Showing garnet (G) transected by diopside (D), and di-
9'47 ¥ K’:’Dmmammntic sketch from microscopic field.. X 15. opside inclpsions in the garnet. Later quartz (Q); calcite
11 '36;, ' . - o ~ (C). Diagrammatic sketch from microscopic field, X 15,
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FI1GURE 15.~—Radiating aggregates of diopside

Qlllﬁrlz grains (Q) often occur at the centers of radiation. Interstitial calcite (C). Diagrammiatic sketch from micro-
omple field, X 15, '
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‘ coarse, while the crystals are anhedral and distinctly pleochroic. In' the inner
. and idocrase.;.f% eatact area, epidote occurs-only in the tactite, ranging from irregular grains associ-
its widespread it ated with garnet and diopside to pure concentrations averaging 6 inches in diameter
1y ended after,2 gt (arely, up to 1 foot). In the outer contact area it is found in'the light silicate rock

TR

T

Bt o N

ern part of t ‘44 fine grains in linear arrangement. In addition to.the granular type, both contact

well as in the tactite. In the tactite, the medium- to coarse-grained plecchroic

osed limestone ¥ & epidote (X, colorless; Y, green; Z, pistachio green) is closely associated with diopside,
tbly represents ;g pmet, feldspar, early and late calcite, and a little quartz. Occasional grains are , ?
Coarse radia twinned parallel to (100)._, In the light silicate rdck, epidote is almost always present ‘. l"
i

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 b
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 fo
either in one long period which probably overlapped diopside and garnet during
contact metamorphism and continued into the hydrothermal stage, or in two di
stages, one purely contact metamorphic, the other hydrothermal. Epidote
times occurs as a zone between grains of recrystallized calcite and feldspar. H
" must have been formed soon after the introduction of the feldspar, as a reactios;
between the latter and the carbonate. Later fracturing and alteration have affm
. all the epidote, as'seen by the quartz and carbonate veins whxch transect and inpg
" instances replace it. ;
CLINOZOISITE is: not common. It is rather rare in the inner area, but is
Prismatic grains, often 2.0 mm. long, show the weak
fringence (0.01) and positive ‘optic character which distinguish this mineral b
epidote. The clinozoisite is commonly associated with true epidote and diope
Colorless, nonpleochroic clinozoisite sometimes rims epidote. The iron contert §
the emanations must at oné time have fallen too low to permit the contlnued fo
tion of epidote, and clinozoisite formed instead. : :
TreMoLITE: Fibrous ‘tremolite occuts as a contact mmeral in assocxatlon ,
recrystallized calcite, forming a tremolite marble in the southern part of the a
~area. Intheinnerarea it sometxmes replaces dlop31de and, more often, coats slig
metamorphosed limestone. , :
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; but
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-temperatig
‘stage of metamorphism.
just north of Panther Canyon in silicified limestone.
ScueELiTE: The small amount of scheelite found in the tactite appears to hl
“formed: in-a rather short period along with garnet, diopside, and epldote possd
continuing after the epidote.
IpocraAsE (Vesuvianite): Idocrase in cuhedral elongated crystals is unifo
distributed throughout the light silicate rock of the outer area. In the inner:
it occurs largely in brown clusters varying up to 2 or 3 fect in their largest dimensig
In this form it is found also in contact with the basic dike rocks and generally is 4
only contact-metamorphic mineral formed by these rocks Idéntiﬁcation :
confirmed by X-ray diffraction patterns. B
The boundary relations with epidote indicate ‘that the 1docr'15e was the hy
mineral to form. TIts absence-in the tactite seems to show that it was not forrd
during the period of highest temperature, but it may have becn deposited in the ea
period of rising temperature, as well as after the epidote. .
- WorLasTONITE: Wollastonite is not common in these contact-metamorphic w

“Thin-section examination shows a colorless lath-like form which is, at least in paf

definitely late, since it replaces diopside, epidote, clmozmsue and idocrase. \
diffraction patterns were 1dent1cal with know nw ollastomte

Radiating sheaves of tremolite of similar origin are o}
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CONTACT METAMORPIIC MINERALS

¢ been fo xs indicated by. the occurrence of recrystalhzed calcite at-every boundary |

:nct durmgl : ; n unalteréd hmestone and 5111cate rocks or mmeral gra.ms The last feeble

i a4 reaction ry ‘ in length The cry rstals usually consist of a browmsh core, surrounded by a
1 have nﬂ'wﬂg Jess rim, and are generally associated with sphene, cpldote and orthoclase.
:ct and in someidlRBlite was not noted more than 5 feet from the contact and then only in the nelgh-

‘ kb 0d of the pegmatites.
+, but is momid#SPHENE also occurs in the i mner tactite near the quartz monzonite-limestone con-
the weak bines and, like the apatite, only in association with: pegmatite. It is.always found in

; dmg the pegmatite stage The 1pat1te and sphcne are carlier than most of the
! coats slightly: q;ﬁ!«!sp:xr and quartz however

fhc mncr comw
‘r-tempcralun‘

idote,

was the latet:

1S not formt'dzg

i(l m-thc carlie 4 m, iron oxxdes, some magnesia, a little mangancsc, utama, chlorme, phosphoru\,

ten, fluorine, and water. It may be concluded, therefore, that these substances.

norphic roch, ve been added to the sedimentary rocks from the intrusion in the process of contact
 least in par ' mmorphxsm At the same time, carbon dioxide was driven off. :
crase. X-my . The preservation of original structures of the sediments points to the retention of

h volume practlca]ly intact. In many instances, especially in the outer area,‘the

euhedral grams which show pleochrmsm X, colorless Y brovsn Z, brownish -
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original bedding and the attitude of the former sediments are preserved even in
tactite. Splendid examples of this phenomenon may be observed in Panther Ca

and south of Agnes Canyon. ‘In the latter locality, remnants of limestone occu
the light silicate rock,.and the beddmg passes undlsturbed from the unaltered

mto the 51hcated mass. '

‘LOCALIZATION OF METAMORPHISM

'then marble succe
‘ 3«0 the quartz mon
may be summarized by the following typical statement: “Certain beds retain nestg#i-3lea, it becomes fi
their original texture and composition close up: to the [intrusion], while others s
obv1ously altered for long distances from the intrusive contact” (Ransome, 19
p. 84). The following relations are found at Rye Patch, where the dlstnbutxon mmcrahzmg
metamorphic rock types is similarly complex: - K W{mlxon (Barre]‘
(1) Two large areas of metamorphic rocks separated by a. zone of hmestonc
metamorphosed except for— ~ g
(2) Three hyers now completely changed to calc—hornfels

in'the outer area. <R jdnt (l ig. 11).
" (4) Irregular distribution of the metamorph)c rocks of the inner area. 38 The influence o
. (5) Smallscale local alterations of the metamorphosed and unmetamorphosed bet 11
near the intrusion.
(6) Unmetamorphosed limestone in contact with the quartz monsomte fora  Variation in pot
500 feet at the southwestern border of the intrusion. : “guawent,  Lindgren
The extreme irregularities encountered in limestone contact metamorphism may & #se more suscept.
“explained in several ways. No single factor can ewplam all the phenomem' sﬁ,ﬁy! Patch, porosi
probably several have operated simultaneously. Some of these factors and th hrm Now, compx
bearing on the problem at Rye Patch may be summarized as follows: : {4) Compositio
(1) Composition of the magma. Lindgren (1904 p. 520) states that at Clift #hrrtion, igneou
Morenci there seems to be a direct relation between the contact~metamorph1c et gk as a whole is
- and the amount of quartz'in the igneous rock. The small size and the uniformity§gtksm cuts across o
the Rye Patch intrusion would rule out composition of the magma as a factor immliatc vicinit:
(2) Distance from the intrusion. All other things being equal, the intensity of @5:fma it and not t
metamorphism should be greater nearer the intrusion. At Rye Patch, the distrigrod

ence of distance, requires an addmonal explanation for the less regular arrange %ﬂ morphic effe
of metamorphic products. . - s Qe outstandin

plex character to the inner area but showmg well-defined zomng——suggests thate

offshoot, of the main intrusion lies not far beneath the surface, presumably mon s figmably, were or
less sill-like in its upper reaches at least (Fig. 11). Within this outer area, we fdfaiqi the hmestonc
higher grade of metamorphism in the north, decreasing gradually southward and segy

‘ward (Fig. 10). * In the north, silication is much more extensive, and the variety§

contact minerals is greater. The marble zone is broader, while the urimetamorph % A llmllar fcatx
remnants of limestone are fewer and smaller. In theé south, conditions areg giral difference




LOCALIZATION: OF METAMORPHISM

ct metamorph
I >eds retam neart

( Ransome 19043 Bedding plancs afford easy passage

he dlstrxbutlond 4 Mﬁl mmerahzmg solutions.. Inclined strata, pafticu]arly, may aid. their upward
Figdgration (Barrell 1902 p 394) At Rye Patch, bedding control of the extent of

:1rca._ : =2 The influence. of fractures on contact metamorphlsm has been (hscussed by Hess
tamorphosed beds:§“aed Larsen (1920) but does not apply to Rye Patch because of the'absence of an
PP y y
eensive fractures traversing.the invaded rocks.

msonite for aboy ‘ariation in porosity of different beds may be important in aiding selectlve replace-

' @mt. Lindgren (1904, p. 520) states that coarser-grained (and impure) limestones
morphism may s#¢ more susceptible to metamorphism than compact (and pure) limestones. At
phenomena; by Rye Patch, porosity may have been'a factor guiding the silicating solu tions along the
factors and theis: yers now composed of calc-hornfels, and possibly along replaced beds.

5 that at Cliftonei§:+aeration, igneous rocks are least. -

('tamorphlc cﬂ'c(l [/} wck as a whole is uniformly pure limestone. ‘The manner in which the inner contact

vas a factor. * il immediate vicinity of the magma metamorphic effects were due largely to emanations

i¢ intensity of (hs »wm it and not to differences inherent in the intruded rocks. An extended analysis

Lch the dxstnh»-§ od the question of original differences in country rock versus additions from the magma
4 : _ : X

Oncoutstandmg example of selective rep]acement due to differences in composition,

milar'in its com @< hawever, scems to have been the three layers of calc-hornfels near the cdges of the
These,

>

Suggests that anig %amttamorphosed limestone scparatmg the inner and outer areas (Fig. 10).
sumably more m

' area, we find
‘ f Vw&m ent complete metamorphlsm aided no doubt by greater por051ty and favorablc

itude, while the surrounding pure, more compact limestones remained unchanged.
slmxhr feature occurs nearer the intrusion on a very small scale Here the

e

RERTE

(1) Composition of the invaded rock. Impure limestones are most susceptible to
In the Rye Patch area, however, the country .

mtnhly, were ongmally more silty layers, 51m11ar to thosc ocmsmna]ly cncountcred-'

el

TS

i

Rz
SR

T
g




044 v " . €. J. VITALIANO-—CONTACT METAMORPIISM

can be trac’ed a‘long the strike into limestonc appareutly'similar to that of the adia

soluble, so that emanatlons chose these layers in preference to-their nelghbors. Boat ?,
well (1905 p. 193) has'advanced difference in solubility as an explamtnon of selects

amt prominen
where specimer

- S , , the «
FIGURE 16.—Tourmaline-bearing pegmatite ' i (Vig 12).

Showmg tourmaline (To) replacing orthoclase (K), phglochﬁe (P), and microcline (M); apatite (A). Diagramnss ihe ()uar/: TCLNS.
sketch from mxcroscoplc field. X 15. .

replacement at Bin;,lmm, Utah. An alternativé explanation, less reasonable i
view of the small scale of the feature would be local absence of emanations. K
*(5) Variations in heat and emanations at the margins of the intrusion. The Rn¥ e two lm:gc @
Patch intrusion is believed to be an offshoot of a larger buried intrusive, in fsa, band spc’omcn
essentially a cupola, and probably as a whole differed from its parent body somewha bm‘;_“' . They
" in.temperature and escaping volatiles. Within its own comparatively small extest, e Within the |
however,.such variations would be of a smaller order of magnitude. Nevertheles, sesthwestern p
by elimination of other determinable factors, these.must account for the differencd ’g%"mh calcite, bu

: km vaded the
in degree’ of metamorphism along the actual contact. The reasons for such varfizes imvade
o o : *‘*"Sulplua’c mii
thllS are not clear.
: S ' #2ter zone and

LATER PHASES OF THE INTRUSION ' _ Qaplrm, and tet
o teapecially in th
i dewoid of pyritc
514 The quartz v

_and its sxgmﬁcance is dlSCUSSCd later : . g §a the Rye Patc

¢otting the qua

GENERAL STATEMENT

PEGMATITIC PHASE ' i Revels; the uppe

sphene have already been discussed: The tourmaline occurs in veinlets in the nolﬁ
ern margin of the quartz monzonite and in the aplites and pegmatites,-where llm
places orthoclase and, less often, plagioclase (I'ig. 16).



iite (A). | Diagrammady
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'L body somewhaf:

LATER AI’HASES OF INTRUSION

‘Some Jater disturbance, probably

e faulting, has sheared and bent the quartz. Silicification has also occurred in the |

miter contact area accompanied by introduction of orthoclase and sulphides. In this
,htlon the silicified zone pxsses upward into tourmaline- bearmg .quartz veins

Quam mns.—Quartz vems are common in. the area, occurrmg in ‘the. quartz

j. Boazonite, in the tactite of the outer area, and in thé limestone. They consist
\zxtly of massive white to gray1sh white quartz Su]phldes are camed in the veins

hﬂn They are often replaced by calcite.

: "' ‘\llhm the limestone the quartz veins sometimes parallel the beddmg In the

rthwestern part of the area, a prominent bedding vein carries scheelite associated
I b calcite, but no tourmaline. Thxs vein is associated with aplitic materlal which

¢ invaded the limestone.
wphide mmerahzanon ——Thc sulphides accompanymg the sﬂxc)ﬁcatlon in the

, and ‘tetrahedrite. Pyrite is the most abundant formmr euhedml rains
g g
Mlly in the replaced limestone (Fig. 18). The inner contact zone is almost

D) @"&’m’l of pyrite and contains none of the other sulphides.

The quartz veins within the monzonite carry sulphides and are being developed
’th Rye Patch Agnes mine in the northern part of the intrusior. Mineral relations
'btucr exposed in the workings of the mine. Opénings have been: made on‘three
1 ,lhc upper two had reached the silver- beanng vems while the lowcr one, stalt—

Most of the workmgs are in the intrusion proper, some are actually on the

x veins, and-some pass into the adjacent limestone.

""!Kt veins which carry the, economxc mmemls are of white massive quartz, which
RN
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both walls tends to destroy this demarcatlon T he veins dip steeply and the ore ‘,
_.bearmg ones strike east-west. : <
. Greisenization and a slight amount of tourmahmzatlon have occurred in the vei

- walls. Molybdenite, pyrite, chalcopyrite, sphalerite, galena (silver- bearmg) aud
‘ tetrahednte represent the complete smte of ote minerals..

- These tungsten +
- the aplite and can
s around the campt
-grained aplites, wh
those of the Orean:

» Froore 17 —Tourmalme in quarto' vein fmm Froure 18.-—Silicified and pyritized limesiom

outer contact zone - Showing various stages of quartz (Q) introductio
Tourmalme To: quartz; Q; calcite, C. D(agrammatxc Pyrite represented by black grains. Diagrammatic sketd’

. . - Near the Panther Canyon
sketch from mitroscopic field. X 15. . ) from microscopic ﬁeld. X 15.

Aetch! from microscopic ficl:

Deposmon of some of the early minerals was followed closely by shattering; thug
pyrite and sphalerite are. noticeably fractured, and the pyrite in some instances hn
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 pyfith

‘ zatlon in the east, in the outer contact zone.
A slight amount of leaching has left remnant cavities corresponding in form W
§ pyrlte crystals. - .

The occurrence of molybdemte generally regarded as a higher- temperature mis,
eral, does not necessarily mean a hypothermal origin for the veins. Vanderwd
(1933, p. 571-572) describes molybdenite-bearing quartz veins associated with:

.su]phldes a condition similar to that found in the Rye Patch Agnes mine, and co
. cludes that this type is “probably formed under conditions more closely approachxm
" those of the mesothermal.” The well-defined vein walls support the mesothermzé

origin for the Rye Patch veins.
T ungsten mineralization.—In the limestone almost half a'mile north of the intrusieg
are Scheelite-bearing quartz veins of the bedding and fissure types, associated wi
. the numerous aplitic injections. Tour claims covering the known occurrence of ts

_ore are situated on the ridge just north of Panther Ctmyon—constltutmg the Pant
Canyon prospect. One large bedding vein is exposed in a trench which extends
320 feet along the steep canyon wall. " Three other small bedding veins have beet
exposed in- the workings.

‘the strike and resem
; these beds are progrc
of actinolite have I
“brownish layers has
Bhrous actinolite.
Indicated by the occ:
slonal gradation int
The vein quartz |
1t dpecimen, and contai
and calcite are the on
ne, tourmaline is e
bollowed closely by
A trace of scheelit:
sibanther traces were f
$&trusion.  When the
%ﬁudcd linear trend,
‘a4t the localization
\plites are abund:
wage for the tung
#ith aplites has been
Maliy States (Willl
two has not been




o ! tund the"ca.mpfgnite but is significant near the aplites. The brownish, fine-
silver-bearing), 0?‘3 wined aplites, whose outcrops are sometimes lenticular, are somewhat similar to
twse of the Oreana area (Kerr, 1938). Certain limestone beds change color along

3 " - ! ,"
A=A N
s
S e
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u‘.ﬁ,»%mm;-f
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oISt/
o
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4 quartz (Q) introdutdﬂ‘?‘& o ' FioURE 19.—Silicified lens in limestone
ains.  Diagrammatic sketdh Sear the Panther Canyon prospect. Quartz, Q; orthoclase, O; actinolite, A; epidote, E; limonite, L. Diagrammatic
' 4rzh! {rom microscopic field. X 15. . . .
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some instances; hay B these beds are progressively silicified; in addition, orthoclase and innumerable sheaves
o fragments. %8y ctinolite have been produced (Fig. 19). Further silicification away from the
s “n?rmal” order:*® tmwnish layers has produced numerous nodules of white chert, accompanied by
-ime with the pyritis $eous actinolite. The relation between the quartz veins and- the altered zones is
L - 128 bidiated by the occurrence of quartz veins in the center of the zones and their occa-
ponding in' form W08 G| gradation into each other. o ‘ '
' o | The vein quartz is massive, white, frequently. crumbling with ease in the hand
'T-lemperature miny fpecimen, and contains occasional vugs lined with quartz crystals. Quartz, scheelite,
veins, Yandem' 2% isd calcite are the only vein minerals: In contrast to the quartz in the outer contact
'S ass?cxated_ wi ane, tourmaline is exceedingly raré. Quartz was the earliest mineral to be deposited,
snes mine, and coez 8 bliywed closely by scheelite.  Calcite transects both the quartz and the scheelite.
closely approaching; “Atrace of scheelite was found in an aplite dike within the quartz monizonite, and
rt the mesothermal (@ kiiher traces were found in the epidote-garnet rock on the southern contact of the
o S i “latrusion.  When the locations of the tungsten occurrences are mapped they show a . -
)rth.Of th? Intrusio decided linear trend, coinciding with the axis of the arch in the sediments, suggesting -
es, associated wit fhat the localization was controlled by this structure (Fig. 20). o o
0 occurrence of the:A \olites are abundant where tungsten is prominent and appear to have afforded
ituting the-l"ﬂmhﬂ*? é;afmge for the tungsten-bearing solutions. The association of Scheelite deposits
) Whl(.:h -extends fqt withaplites has been described at Oreana, Nevada (Kerr, 1938), and in the Federated
1g veins have b““} Wby States (Willbourn and Ingham, 1933), but the genetic relationship between -
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_from- the magmatic sources. The conduits frequently contain traces, but rare

“concentrations of tungsten minerals.” S ; ‘
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Ficure 20.—Plan of tungslen occurrences :
Showing their relation to the arch in the sediments, which is outlined by dashed lines

8

diﬁ‘ering_.froni the deposit at Oreana, wheré the scheelite is associated with pegmatit
According to Butler (1927, p. 238) and Finlayson (1910, p. 26) scheelite is not ne:;
sarily formed only at high temperatures but continues to be deposited, probablys

decreasing amounts, at' lower and lower temperatures. A similar occurrence d

- in composition,
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ly as conduith . In the 1sol:1,ted,1nstances of scheelite found in the aplite and in the~contac‘t
aces, but rarey '
‘(1) No apprec1able volume change occurred.
A“'pﬂ) The contact- metamorphlc changes depended mamly on the magmatxc emana-
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T B 4 %&mtmswn parallel to the strike. :
' i (;8) The dlopsxde and andradite are the oldest contact metamorphlc mmeraIS'
L
trcmohte and wollastomte are not SO clear
: 9) The distribution of the tu ngsten mineralization and aplite dxkes in a linear belt
‘ ﬁmdmg with this arch suggests structural control. :
(IO) The scheelite veins are of low-temperature hydrothermal origin.
. (ll) The aplites associated w1th the scheehte bearing quartz veins probwbly
i lines
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