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A preliminary report on the Humboldt region and the Iron Xing mine, Yavapai
.County, Ariz,, has been placed on open file fer public inspection, the Geologicel
Survey, U. S. Department of the Interior, ennounced today.

The Iron King mine and the Humboldt region ere 12 airline miles east of
Prescott, Ariz, Metamorohosed pre~Cambrien volcsnic rocks that heve been intruded
by grenitic rocks ranging in .composition from granites to gabbro form the bedrock,
Cenozoic river wash and valley £ill, including some interbedded basalt, locelly
.mantle the pre~Cambrian rocks. At the Iron King mine, ores of leed, zinc, gold, and
'silver zre extracted, Tuvelve steeply plunging echelon veins occur olong the foot-
‘woall of e sheared and altered zone in retexdrdesite tuff. The veins are the "massive
:sulfide® type snd corntein quartz, ankerite, pyrite, arsenopyrite, sphelerite, galena,
chalcopyrlte, snd tennantite, ' :

"The report, titled "Geolcgy of the Humboldt region and the Iron King mine,
"Bigbug mining district, Yavepal County, Arizona," by S. C. Creasey, is accompanied
by a geologic mzd of the Humboldt region, mine maps, cross sections, and other
illustrations. Copies of the report and maps may be examined at the U, S, Geologi-
-cal Survey, Room 1023 Slerar"), Genersl ‘Services Building, Veshington, D, C.;
"Arizona. Burean o ines, Tucson, Ariz,; and the Library, University of Celifornia,
Los Angeles, Calif,
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GEOLOGY OF ThE HUMBOLDT REGION AND THE IRGN KING KINE,

BIGBUG MINING DISTRICT, YAVAPAL COUNTY, ARIZONA.

S. Cyrus Creasey

ABSTRACT

The Humboldt region is in central Yavapal County, Arizona. The
intersection of the 112° 15' meridian and‘the 34° 30" N. parallel is
in the approximate geographical center of the region, and the Iron
King mine is about 2000 feet west-northwest of the intersection.

Pré-Cambrian rocks form the bedrock in the Humboldt region.
Late Cenozoic unconsolidated river wash and valley fill, including
some interbedded basalt, locally mantle the pre-Cambrian rocks.espe-
cially in the north-central part of the region (Lonesome Valley).

. The pre-Cambrian rocks consist of five newly defined metavolcanic
- formations derived from flows and tuffs, and of six intrusive units
ranging in composition from granite to gabbro or perhaps more mafic
types, Relic bedding and pillow structures are locally prominent in
the metavolcanics; geopetal structurés are uncommon, but where pres-
ent, generally indicate that the top is toward the west, though the
evidence is too meager to be conclusive,

Low-grade dynamothermal mstamﬁrphism altered the metavolcanics
and to a lesser extent the intrusive rocks, forming textures, struc-
tures, and mineral assemblages characteristic of low temperature and.

moderate stress,



The Texas Yulch formation, which is the easterr most metavolcanic
formation, consists of five lithologic units. Arranged in the general
order of their appearance from east to west they are meta-andesite
breccia, purple slate, metarhyolite tuff, meta-andesite, and green
aiate. The boundary between the Texas Gulch formation and the Iron
King meta-andesite is apparently gradational.

The Iron King meta-andesite consists of three meta-andesite tuff
units, two meta-andesite flow uniﬁs and one metarhyolite tuff and con-
glomerate unit. The assemblage chlorite-albite-epidote with or without
quartz is dominant in the meta-andesites. Mafic intrusive rocks, which
may be approximately contemporaneous with metamorphism, may explain the
presence of actinolitic hornblende in the central part of the formation.

Toward the west the Iron Xing meta-andesite appéars to grade into
the Spud lountain metabreccia through a zone containing beds character-
istic of either_one formation or the other. The Spud Hountain meta-
breccia cbngiats of interbedded metabreccia and metatuff beds. The
metatuffs are largely gndesitic in composition, but a few thin beds of
metarhyolite tuff occur. The fragments in the metabreccia beds.consist
chiefly of porphyritic meta-andesites and the matrix is meta-andesite
tuff.

Fre-Cambrian faults now marked by dikes separate the Chaparral
Gulch metavolcanics, which lie west of the Spud Mountaln metabreccia,
from underlying and overlying formations. The Chaparral Gulch meta-
volcanics contain.metarhyolite tuff, metarhyolite flow, apd meta-

andesite tuff that locally was contaminated by rhyolitic detritus.
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The Indian lills : metavolcanics, which are northeast of the
‘Chaparral Gulch wmetavolcanics, consist of two broad units, one com-
posed.of metarhyolites and the other of meta-andesites, Letamorphoséd
turfs and flows are believed to De reprusented in both units and flow
breceia in the meta-andesites.

(ranite and alaskite} granodiorite and quartz diorite; diorite,
mafic quarta dicrite, gabbro and diabase; metarhyolite (?); and
quartz porphyry comprisa the pre-Canbrian intrusive units mapped.

They include both deep-seated and hypabyssal types. Dynamothermal
metamorphism has follated the smaller bodises and the margins of the
larger maases and partly converted them into mineral asserblages stable
under low-grade metarorphic conditions,

Plunar structures (chiefly foliation) are omnirresent and linsar
structures are common in the pre-Cambrian meta-volcanic rocks. Sorth-
trending planar structures doninate in the Indian lills metavolcanics,
and in the 3pud Xountain metabreccla, whereas northeast-trending
planar structures are dominant in the Texas Gulch forzation, Iron
ting meta-andesits, and Chaparral Culch wmetavolcanics., To a leaser
extent northeast-trending structures that are younger than those |
trending northward occur also in the Spud Xountain metabreccia.
Lineatioﬁ, plunging stseply northward is couzon in the Iron King meta-
andesite and.ia present locally in the northarn outcrops of the Toxas
Gulch formation. It coumonly plunges steeply southward in the southern

part of the Toxas Gulch forrzation,



Three steeply plunging folds are limited to the outcrop area of
the Texas Qulch formation, and the outcrop pattern of the purple slate
and metarhyolite tuff units suggests others, though lenticularity may
cause the abrupt termination of outcrops in some places, lany folds
of magnitude similar to those lnown and believed to exist in the Texas
Gulch formation could be masked by the uniform lithology in the Iron
King meta-andesite, Spud lountain metabreccia, and the Indian Hills
metavolcanics, OCne neariy i1soclinal antiéline was recognized in the
Chaparral Gulch metavolcanics.

| Although no folds of a magnitude that would duplicate formations,
can be proved, the possibility of at least one such fold 1s suggested
by the similarity of the lithology between the metarhyolite tuff and
conglomerate unit in the Iron King mota~aﬁdesite and the metarhyolite
tuf? unit in the Texas Gulch formation. On the basis of this assump-
~ tion, the Spud Lountain mﬁtabreccia and the western metatuff unit in
the Iron King meta-andesite would be c;rrelative to the meta-andesite
breccia unit in the Texas Gulch formation, and the fold axis would be
in the central part of the Iron King meta-andesite,

Few faqlts were recognized in the Humboldt region. The meta-
morphosed dikes that bound the Chaparral Gulch metavolcanics mark pre-
Cambrian faults, The Lonesome Valley fault, which moved late Cenozoic
valley fill -against pre~-Cambrian rocks, is the only fault that is known
to have post-Cambrian movement. Other faults of uncertain age occur

in the Humboldt region.



Two zones of hydrothermal alteration not related to the Iron
King mine occur. In the Iron King meta-andesite, & zone, possibly
originally rhyolitic, containe introduced quarts, pyrite, and possi-
bly sericite. AdjJacsnt to the intrusive rocks aloxig the eastern edge
of the Eumboldt rezion, the metarhyolite (?7) contains introduced
pyrite, and ths mstarhyolite (?7), meta~andesite breccia (Texas Gulch
formation), and quarts porphyry contaln features suzgestivs of
albitization.

The Iron King mine is the enly active mine in thse Bumboldt
region. It consists of twelve veins, en echelon, steeply plunging,
and arranged along the footwall of a shezred and altered zone in the
western meta-andesite tuff unit of the Iron King meta-andesite,
Narrow zones of especially intense shear prodably localised the veins,

’ Solutions 1ntrodnced quartz, pyrite, ankerite, and probably
sericite early in the hydrothermal epoch, forming & svoradically
mineralized zor.m in the hanging wall of the deposit and probably veins
in the fructure system of the Iron King mine., Subsequent shearing
atrongiy brecciated these early minerals and formed the atructures
that ‘controllod the location and distribution of the ore minerals
in the veins., Following this deformation, sphalerile, galena,
chalcopyrite, tenrantite, arsenopyrite, pyrite, quarts, and
ankerite were deposited, thongh the last three minerals may represent
solution and redeposition of ea.rli;r minerals, Sericite either

accompanied or followed the ore~forming minerals.



Silver 1s related ciosely in distribution to copper and probably
is in the tennantite. Gold occurs chiefly in the pyrite.
Banding, mimetic after planar structures, is pronounced in
much of the vein filling. Mineral zoning, generally sinilar in
each vein, is characteristic of the deposit.
digh-an;le reverse faults of 100-foot maximum vertical dis-

placement have offset the veins.
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INTRODUCTION

The Humboldt region®, in the Bigbug mining district, Yavapai
County, Arizona, comprises a rectangular area extending roughly
3% miles in a northerly direction and 7 miles in an easterly
direction. The intersection of meridien 1120 15' and parallel
340 30! 1ies close to the geographical center of the region, and
the Iron King mins is about 2000 feet west-northwest of the inter-
section.

The towns in the area are Humboldt and Dewey. State Highway
69 (Black Canyon Highway), a secondary road between Prescott and
Phoenix, Arizona, runs through the central part of the region.

A graveled road connects the Iron King mine with the highway less
than a mile scuthwest of Humboldt; dirt roads furnish access to
ather parts of the region. A spur line of the Atchison Topska
and Santa ¥e railroad connects Humboldt with the main line at
Ashfork, Arizona.

The Humboldt region is in the ®fountain region?® of Arizona,
as defined by Ransome (1903, p. 15). The Mountain region is charw
acterized by nearly parallel short ranges that are separated by
valleys commonly deeply filled with fluviatile an»d lacustrine
deposits. The Humboldt region bounds the scuth end of Lonesoms

Vallsy, which widens northwestward and coalesces with Chino Talley.

® "Humboldt reglion® refers to ths area covered by Plate 1.



The region is beiween northeastern slopes of the Bradshaw Moun-

tains and the southwestern foothills of the Black Hjlls, and forms

a bedrock bdridge linking the two mountain ranges. The altitude in
the Humboldt region varies from 4300 feet at the point where the
Agua Tria BRiver crosses the southern boundary of the region te

5600 feat in the northeastern corzer. The slopes are gentle in the
central and western parts of ths region and moderate in the area east
of Lonesome Valley,

‘The region drains to tiza Agua Fria River which wanders acroass
Lonesome Valley in a canyon perhaps 30 feet below the general level
of the valley floors As the river leaves the alluvium and flows
on bedrocik south of Lonesome Vglley, the canyon walls increase
greatly .in height: For many miles to the southeast, the Agua Fria
runs in a steep-walled slot cut in the pre-~Canbrian rocks. As pointed
out by Lindgren (1926, p. 8), these features suggest that the Agua
Fria has captured the drainage of Lonesome Valley. All the tributary
straama in the Humboldt reglon are sphemeral and drain into the Agva
Fria River, which is perennial only where it flows on bedrock south
of Lonescme Valley.

Water for tha town of Bumboldt, the Iron King mine, and for
domestic use and irrigation 'by ranchers living in the region coues
from wells in the alluvial fill c.)t Lonesoms Valley. Apparently

gravel bads in ths alluvium supply the bulk of the water,
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The topography of the part of the Humboldt region south of
parallel 340 30! is shown on the Bradshaw quadrangle, 1903, on a
scale of 1 to 125,000, and that north of the parallel by the Jerome
quadrangle, 1905, on the same scale, The Jerome quadrangle has
been remapped on a scale of 1 to 625600, The Mingus Mountain quad-
ranzle, which covers the same area as the southeast quarter of the
Jerom® quadrangle, was published in 1947. The northern part of
the Bradshaw Mountains quadrangle has been remapped, tut the maps

bave not been published.

Previous work

The earliest recorded geologic work in the district was dons
in 1899 and 1901 by Jaggar and Palache {1505) who mapped the Brade-
shaw quadrangle. Their work was reconnsissance. They divided the
pre~Cambrian into Yavapai schist, various coarse-grained plutenie
intrusives, and one complex., The Yavapal schist, which includes
most of the follated rocks in the Bumboldt region, was defined
to include 8ll of the pre~Cambrian phyllites, schists, and gneiss
in local areas. Although they did not mention the Iron _King mine
in the text of the folio, its location was indicated on the gsologle
map.

In 1922 Lindzren (1926) examined the ore deposits in ths
Bradshaw and Jerome quadrangles, u;sing Jazgar and Palache's geow
logic map of the Bradshaw quadrangle and a geologic map of the

Jerome quadrangle prepared by Jenkins and Wilson of the Arizona



Burean of Mines and by Louie 2, Reber, Jr. Lindgren describoci the
pre-(Casabrian rocks, tut hia report deals primarily with the occur-
rence, history, and production of the ore deposits. The Iron King
mine is describded bdriefly. Eldred Wilson (1939) pubdlished an ex—
celient paper on the pre~Cambrian rocks of seversl districts in
cen\tral Arizona, one of vhich was the Black Hills district that
borders the Humboldt region on the northeast. He distinguished
three formations within the Yavapai schist, and proposed that the
name Yavapal schist be replaced by Yavapal group. Wilson's paper
did much to establish the chronological sequence of Arizona pree

Cambrian rocks.

Yield work and acknowledzments

The field work for this report was done from Octoder 15 to
Descember 15, 1945, and from September 15, 1947, to April 1, 1948,
This work constituties a small part of a more comprehensive study
of the geology and ors deposits in the Ningus Mountain quadrangle
currently being undertaken by Charles A. Arderson and the writer
for tha U. S. Geological Survey.

The writer takes pleasure in aclknowledging the cooperation of
the staff of thes Iron King Mine. H. P. ¥ills, General Mansger,
kindly permitted uss of all company maps and production data on }ke
mina, and the writsr profited by many discussions with John Kellogg,
Mine Geologist, on geologic problems relatsd to the Iron King de-
posit, Other staff membars were helpful in many ways.

The writer wishes to take this opportunity to thank (Mrs.) Y. H.
Krisger and (Miss) W. H. Eckstein for permission to use part of the
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geologic mép, ~hich they are currently preparing for the U. 3.
Geological Sur 7Y to coamplete the northwestern part of the geo-
logic wap of ""® Humboldt region (pl. 1) The writer is especially
indebted to Cr«rles A. Anderson for many stimulating discussions,
visits in the field, and helpful sug.estions. The advice and crit-
icisn kindly «iven by Drs. James Gilluly, Cordell Durrell, Joseph
Yurdoch, and 4 Ne Bramlette, faculty members of the Department of

Geology, Unjversity of California, Los Angeles, are appreclated

greatly,
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GZRERAL GE 'LOGY

Genzral features

The rocks in the Humboldt region are rredominantly pre-Cambrian,
Cenozole rocks are represented by Pliocens (7) or Pleistocens (?)
gravels and basalt and by Pleistocene (?) to Recent valley fill and
river smsh. All evcept the basalt are shoin as alluvium on plate 1.

The pre-~Cambrian of Arizona has been studied in detail only
locally and complete agreement on the subdivision and age of the
rocks has not been reached. Lindgren (1926, p. 15), and ¥ilson
(1939, p. 1118), believed that the Yavapal schist in contral Arizona,
the Pinal schist in southern Arlzona, and the Vishnu schist in the
Grand Canyon area are among the earlisst known pre-Cambrian rocks
in Arizoma. Jaggar and Palache (1905, p. 9) re-arded the Vishnu
and Yavapal schists as of the same age. All three of these meta-
morphic formatiéns are overlain unconformibly by unmetamorphosed
vre-Cambrian rocks, The Grand Canyon series unconformably overlies
the Vishnu schist in the Grané Canyon, and the Apache group overlies
the Pinal schist in the Globe (Ransoma, 1203, p. 38) and in the
Ray-tdami districts (Ransome, 1919, p. 31, 39). In the Minzus Moun-
tain quadrangle the Yavapal schist is overlain unconformably by
Paleozoic sedimentary rocks, but 7ilson (1939, p. 1151) shows that
in the eastern Tonto Basin the Apache rroup unconformably overlaps
the ilazatzal quartzite —hich in turn is belisved by 7ilson to lie

above the Yavapal schist in the !fazatzal !lountains in central



Arizona. The Arizona State geologic map, compiled by Darton, Hiison,
and Lausen, includes the Vishnu, Pinal, and Yavapai schists under
Archean (2). Ransome (1919, p. 32) states tkat the Pimal schist in
the Ray-!iaml district is of possible Archean age. However, oving
to the di%ficulties inherent in correlation between rocks in widely
separated areas on the bases of litholo~ic and structural features,
an age deternmination for the Yavapal schist by correlation with
pre-Cambrian rocks in other terrains is believed not to be p?actical,
and the uriter prefers to uce the term "older pre-Cambrian,” as
suzgested by Tilson (1939). "Older pre-Cambrian" is not meant to
~imply any particular part of pre-Cambrian time; it is used to in-
dicate that there are younzer pre-Cambrian rocks in the ;‘eneral
region. | |

The pre-Cambrian rocks in the Humboldt re-lon ars herein sub-
divided into five metamorphic formations that orizimated chiefly
from volcanic rocks and six intrusive rock units ranging in compo-
sition from granite to gabbro or perhaps more mafic types. The
netavolcanic rocks represent a small part of the Yawapal as described
by Jazzar and Palache and later extended by Lindgren. 7ith the sub-
divislon of the mstavolecanlc rocks into formtions, a3z descrited in
this report, the Yavapai 1s considsred a series in this area. The
netavolcanic rocks ars largely meta-andesite flows, tuffs and breccla;
metarhyblite flows and tuffs; and wefatuffs corposad of mixtures of
rmatarhyolitic and meta-andesitic detritus, Both metarhyolite and

meta-andssite occur in the unper and lowver parts of the sequence.



The regional strike of the formations ranges from north to north-
east., Bedding dips at hizh angles both sastward and westward, but

chiefly westward. ¥olds on a scale that would duplicate formations

o

“;era not recognized, but several isoclinal folds were confined to
the cutcrop area of the Texas Gulch formation, and morse may be present.
One tight anticline was mapped in the Chaparral Gulch metavolcanics,

Faults of pre~Camdrian age, now marlked by dikes, boand the
Chaparral Gulch metavolcanics, and the fault separatlné the quarts
porvhyry and the meta-andesite breccia of the Texas Gulch forﬁxation
probably 1s also pre~Cambrian. The Pleistocene (?) Lonesome Valley
faunlt, which has moved late Cenozoic valley fill against pre~Cambrian
rocks, bounds Lonesons Valley on the east. Other faults of uncer-
tain age and small diaplacemént occur in the Rumboldt region. The
pre-Canbrian rocks are in the chlorite zone of mstamorphism as de-
fined by Harker (1939, pp. 209-214) or the greenschist facies of
Eskola (1939, 2:0 357-359).

Foliatié; is pronounced in all the metavolcanics and in some
of the intrusive rocks. North-trending foliation dominates in the
Indian Hills metavolcanics and, to a lesser extent, in the Spud
Mountain metabreccia. Northeast-trending follation occurs in the
rest of the pre—Cambrian rocks and locally in the Spud Hountain
metabreccla. The northeast follation in the Svud Mountain meta—
breccia appears to cut the north-trending, but the two structures
1way have been nearly contemporansous. Linear structures plunge
consistently northward at high angles in the Iron King meta-andesite
and both northward and southward in the Texas Gulch formation; they
ﬁre not prominent in other formations.

~14-



Pre~Cambrian mstavolcanic rocks

7¥XAS GULCH FORMATION
Distribution

The Toxas Gulch formation, here named frcm the exposures in Texas
Gulch, crons out in a north-trending belt in the eastern rart of the
area. Beds dip steeply both eastward and westward as the result of
tight fclding ard overturning. The top of the formstlon is probsably
toward the west, as indicéted by geopetal structuree, though they sre
not rumercus and widespread snough to prove this, Tke formation is
bounded on tke east by plutonic i1znsous rocks and on the west dy
alluvium of Lornescane Valley and by the Iron King metaeandesite with
which it hags a gradsational contact. The outcrop width varies from
abtout 3000 feet nesr the road to Cherry to abomt 6000 feet at the
scuth edge of the map. These widths do not represeant even a rough
approximation of the original stratigrapbic thickress, however, as
the rocks are tichtly folded, at least locally. The formation is
expcsed for abtout 12 milzs north of ths area, where it passes beneath
Paleoszoic sedixentzry rocks a;nd the alluvina of Lonesome ¥alley. The
extent of the Texss Sulch formation south of the arsa mapred is not
known,

In genersl the Texas Gulch formation forms the lower slopes of
the Black Hills, It erades characteristically into swooth relling
hills whose long dimensions reflect the regional strike of the folia~
tion and of the formation. The main streams anl gulches transgress
the formation at high angles, and the tributaries tend to parallel

the regionsl strike of the formation.
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Petrozraphy )

The Texas Gulch formation includes five lithologic units.
Arranged in order of their &ppearance from east to west, they are (1)
meta~andeslte breccia, (2) purple slate, (3) metarhyolite tuff, (4)
neta~andesite, lavas and tuffs, and (5) green slate. Thse individual
unite are relatively uniform {n composition except the green slate
and some of the western teds of metarhyolite tuff, the mineralogic
composition of which sugzests that they represent gradational facies

into the Iron King meta-andesite,

Meta~-andesite breccia

The meta-andesite breccla occurs along the eastern edge of the
Humboldt region in & band ranging from about 1000 to 4000 fest in
width, It ie bounded on the west by the purple slate and metarhyolite
tuff and on ths east by intrusive rocks. It is cut by large bodies
of fine-grained metarhyolite and Yy small bodies of quartz porphyry.
The rock is well follated toward the north. Here it is assentially
a finewgrained chlorite schist containing white streaks, probdably
relics of original grains of clastic feldsnar or leucocratic rock
fragments., The breccia fragments are visible only as ghosts in widely
scattered outcrops. South of latitude 34% 3G', the foliatien is
weakar, and the original charactsr of the rock is much more distinct.
Hgre bediilng is commonly recognizable, and one feldspathic erystal
metatuff bed 25 feet thick was traced for a mils. Geopetal structures
are common, and those east of the marble bad (pl. 1) consistently

show tons toward the west,
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The meta-~andesite breccia varies greatly in lithology in the
southeastern part of the ar;a. Hear the purple slate it is fine- to
medium~grained mets~andesite tuff containing atundant chlorite and
saussuriti;ed plagloclase grains, This metatuff encloses sporadic
beds of purple slate (not shown on map) as much as 30 feet widej one
bed was traced more than half & miles Uarble in beds as much as 10
feat thick is abundant in a zone at least 100 feet wide in this fire-
grained part of the ﬁnit. The meta-andesite fnff forms a belt 100C
feet wide along the western contact of ths Texas Gulch formation in
the south of the Humboldt region. The stratigraphic thicknsss of
this tufi is not kncwn sven approximately, for it is folded into 2
tight synclinas, |

The meta=~andesite tuffs grade eastiward into meta—~andesite bdreccia
containing suvordinate amounts of interbeddied meta-andesite tuffs.

The metabreccia is water deposited and individual beds probadly exceed
500 feet in thickness. 7The fragments range from subrounded to angular
and rarely exceed ome foot in diameter, with an average size of pebbdles
in many beds of from one o two inches. The fragments are chiefly

of ueta~andesite, but metarhyolite (?) fragments dominate in certain
teds and local arsas. Commonly the matrix, even whare associated with
metarhyolite (?) fragments, abounds in chlorite, and hence is prob-
ably andesitic. Meta~andesite breccia predominates in the eastern
Pirt of the unit, though theres are many:.interbeds of me;a-andssite
tuff and one of medium~grained feldspathic metatuff with excsllsnt
bedding and geopetal structures. Narrow exposures sugzesting meta-

andesite lava wers seen but could not be traced far.
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Chlorite, albite, epidote, and clinozoisite are fhe characteristic
minerals of the meta-andesite breccia, and quartz, sericite, apatite,
and leucoxene occur as accessories. Albite occurs as granoblastic
grains and as saussurltized relics clouded with epidote minerals,
nri<.=i.'&e,~ chlorite, and commonly carbonate, Epidote and clinozoisite
form irregular grains. Sericite occurs as microscopic flakes largely
limited to saussuritized plagioclase. Quartiz is granoblastic and
generally constitutes only a small percentage of the rock. Same of
the meta~andesite fragments display a relict porphyritic texture, con-
sisting of plagioclase phenocrysts in a pilotaxitic groundmass,

Alongz the intrusive contact of the granitic rocks, the textures
of the meta~andesite breccia sugzest the introduction of albite,.
Peculiar pseudomicrographic intergrowths of gmartz and alf)ite occur
and idioblastic albite erystals contain cores of saussuritized plagio-
clase, These alterations are discussed under the section on hydrothermal

alteration not related to the Iron King ore depos‘.t'.
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Purple slate

The purple slate 1s a fine-grained, purple to deep-msroon rock
with local patches having a greenish cast. llarbl‘e beds ranging in
thickness from less than one foot to as much as 15 feet are dis-
tributed erratically throughout the purple slate but are nowhere very
atandant. The marble beds are quite discontimous along the strike
probably owing to local shearing of the beds.' The purple slate has
a very closely spaced foli#tion which in places is cut by pronounced
cross, slips' or shears. No systematic pattern was recognized for
these latter structures.

As can be seen on plate 1, the individual units of the purple
slate vary greatly in thickmess, perhaps because of differentisl
shearing when the foliation was produced. However, it is possible |
that the variations in thickness are of sedimentary origin or due
to folding, Perhaps all three factors have contributed.

Several bands of green slate, one of which i3 locally 300 feet
wide, are intercalated with the purple slates in their more westerly
outcrops. Lithologically the slates are identical except for color,
and in a few places the purple slate grades alongz the strike into

green for a short distance,
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Metarhyolite tuff

Metarhyolite tuff is closely associated with the purple slate,
and tends to sustain ridges standing above the valleys and gulches
on either side carved on the purple slate. The foliation in the
metarhyolite tuff is locally nearly imperceptible and elséwhere pPro-
nounced, with no obvious reason for these variations. It is generally
much lees perfect than that in the adjacent purple slate,

The metarhyolite tuff ranges from gray to white or cream. It is
generally medium grained but commonly varies abruptly from coarse to
very fine grained within a few feet across the strike., Systematic }
variations of this kind through sov;ral beds are rare so that the local
stratigraphic sequence is generally uncertain. The metarhyolite tuff
is composed predominantly of medium~grained metatuffs and of minor
amountes of intercalated gray slate and metaconglomerate beds,

Quartz and sericite are ths characteristic minerals., Feldspar
was noted in the field, but not under the microscope. The quarts,
forming up to 50 percent of the rock, is in granoblastic grains, some
of which are ffactured and strained. Sericite is very abundant as
small flakes and patches and as "ribbons?® anastomosing around the
quartz grains, Small fragments of leucocratic, microcrystalline
rock having an aggregate index of refraction of less than 1.540, and
abundant scattered sericite flakes were interpreted as metarhyolite.
Magnetite and a few grains of epidote and towrmaline (?) were recog~

nized microscopically.

=20



The metaconglomerate beds consist of water-worn pebdbles and small
boulders rarely over two inches across in a matrix identical to the
metatuff described above, In some beds the pebbles are attemuated
80 that lengths are several times widths; in others no stretching of
the pebbles was recognized. Most of the pebbles are Jjasper, btut
pebbles of a leucocratic, felsitic metarhyolite (?) are not uncommon,
Some beds show few or no fragments in sections perpendicular to folia
tionl but have lenticular streaks and patches rich in sericite on the
foliation planes. The origin of "time:o streaks and patches is uncertain,
but they probably represent intensely sheared ffagments of rhyolite,

Minor beds of gray slate, rarely exceseding & foot or two in width,
are commone Except for color they resemble the purple slate and

apparently represent metamorphosed fine-grained tuffaceous sediments.
Meta~andesite

The metaw-andesite forms a lenticular mass, bouanded chiefly by tuff.
It 1s 1500 feet wide near the northern boundary of the map but wedges
out southward.

On fresh surfaces the meta—-andesite ranges from dark- to light-
green; it weathers to brownish hues, Foliation is extremely varied.
vuong the western side of the unit, it is s0 strong that no vestige
of the original texture and stmcture. of the rock remains, ZXlsewhere
it is moderate to weak. In outcrop the facies having the sirongest
foliation is a fine-grained spotted chlorite schist., The moderately
foliated types strongly resemble much of the fine—grained meta~
andesite tuff in the Iron King meta-andesite which overlies the Texas

Gulch formation; however, sedimentary structures were not identified.
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This type contains megancopic‘laun:uritized plagioclase grains and
chlorite. The meta-andesite with weak foliation appears more uniform
and somewhat gramlar, and in places it contains small relict saussurit-
ized plagioclase laths. In one locality the granular meta-andesite
was seen to grade abruptly into a small body of more massive amygda~
loidal meta~andesite that almost certainly represents a flow,

Chlorite is the dominant and omnipresent constituent of the
unit., In places where it is not megascopic, its presence can be
inferred from the color and luster of the foliation planes, Saussurit-
ized plagioclase is prominent in the areas away from the strongest
foliation. charactoriftio dark-green to black spots.in the chlorite
schist facies may represent the inciplent concentration of iron and
perhaps magnesium.

Although the original rock of much of the unit cannot be iden-
tified, the composition is certainly andesitic, and probably both

meta~andesite tuffs and flows are represented,
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Green slate

‘Green slate, the western unit of the Texas Gulch formation,
secms to be transitional to the overlying Iron King meta—~andesite.
It 1s 1000 feot wide mear the southern limit of the reglon, but
narrows northward either because of faulting against or overlap
by the alluvium of Lonesome Valley.

The green slate 1s very fine grained and closely foliated; thus
resembling the purple slate. Beds of medium-grained metatuff are
intercalated here and there with the green slate. Clastic grains
of saussuritized plagioclase and quartz in the metatuff are easily
seen with a hand lens.

Sericite, chlorite, saussuritized plagioclase, and quarts
are the charalcteristic megascopic minerals in the green slate.
Their relative proportion varies widely, but sericite and chlorite

can be recognized in nearly every ocutcrope.



IRCN KING META-ANDESITES
Distribution

The Iron King meta-andesite, here named from the exposures around
the Iron King mine, forms a north-trending belt about 18,005i:;de in
the south-central part of the Humboldt region. Recognizable beds dip
steeply both eastward and westward but predominantly towar& the west,
and strike northerly., Alluvium of Lonesome Valley covers the northward
extension of the formation for 8 mlles from Humboldt to Grapevine Gulch
in the Black Hills, 6 miles north of the area mapped. Near Grapevine
Gulch the outcrop is less than 1/3 as wide as that exposed near
Humboldt. Reconnaissance indicates that for a few miles at least the
outcrop probably wideﬁs to the aputh at about the same rate: as it
thins northward.

The Iron King meta-andesite grades into the Texas Gulch formation
to the east and into the Spud kountain meta-breccia to the west. The
contact between the green_alate unit of the Texas Guleh formation and
the Iron King meta-andesite is in places sharp and in other places
gradational over a width of a few hundred feet. Legascopically the
meta-andesite tuff in contact with the green slate contains more 6hlorite,
less sericite, and is coarser gralned and relatlively more massive than
the zreen slate. |

In general the Iron King meta-andesite forms low rolling hilts with
a maximuﬁ relief of about 700 feet east of the Agua Fria River, of which

about 200 feet of the relief occurs in the canyon of the Agua Fria.
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Petrography
General features

The Iron King meta-andesite consists chiefly of meta-andesite flows
and tuffs, but southeast of the Iron Eing mine it contains a unit of
metarhyolite tuff and conglomerate 200 feet thick, Intrusive rocks in-
vaded the formation, especially near the Agua Fria Eiver and westward
for about 3,500 feet, Local zones of hydrothermal alteration and larger
quartz masses and velns were separately mapped and are shown on plate 1.

Though the metatuff and metaflow units are predominantly as in-
dicated, small amounts of metatuff are intercalated in the metaflow |

_units and conversely, However, large—scale interbedding between metatuff
and metaflow within the units mapped is not believed 1likely, Commonly
diagnostic exposures are scattered and intervening rocks were mapped aﬁ
one unit unless marked differences in litholoéy, textures, or structures
were recognized, In places differences in lithology were recognized but
in areas too small to be recorded at the map scals used.

The textures and structures of the Iron King meta-andesite are pre-
dominantly metamorphic. The rocks are follaied but are easily cleavable
only where chlorite is the dominant mafic mineral. Reliet bedding,
manifest chiefly by the distribution of the altered plagioclase, was
recognized only in a few piaces In the metatuffs. Graded bedding and
to a lesser extent channel snd fill conslistently indicete top toward the
west, but were too few to prove that the top of the formation lies to

the west in view of the possibility of intraformational folding,

Belict pillow structure was recognized localiy in the meta-andesite
flowa, especially in more massive water-worn outcrops.



The meta-andesite tuffs resemdle, both lithologically and min-
eralogically, some of the metatuffaceous parts of the Spud Mountain
metabreccia and of the meta~andesite breccia in the Texas Gulch formation.

Chlorite is a universal constituent of the Iron King meta-andesite.
It is associzted with all other minerals ;nd is believed to be entirely
of metamorphic origin., The chlorite is pleochroic with X and Y green or
bluish green and Z light yellowish~green to almost colorless. It gen-
erally shows an anomalous interference color of deep blus under crossed
nicols, Chlorite constitutes as much as 60 percent of the more mafic
rodks'or as little as 10 percent of the more felsic. It occurs as fine
flgkes very intimately mixed with epidote minerals, albite, and quartz
in the reconstituted areas of the rocks gnd is a common inclusion in the
relict plagioclase associated with epidote minerals and sericite., The
foliation of the rocks is dominantly due to agzregates of fine chlorite
‘plates that form narrow bands that anastomose around the grains of quartsz
~and feldspar. These bands probably represent concentrations of chlorite
from adjacent rocks into sones, but chlorite occurs also as small, in~
dividual flakes, commonly in the same specimens. A few microveinlets
of chlorite that cut rélict feldspar were observed, and a few aggregates
of chlorite plates have developed at an acute angle to the foliation.

Actinolitic hornblende occurs in both meta~andesite tuffs and flows
and locally is the most abundant constituent of the rock. Its pleochroic
formnla is Z-blue green, Y-yellow jreen, and X-light yellow (almost color=

less); 2z to c ranges from 16° to 18%; and the birefringence appears
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prismatiec grains crudely oriented parallel to foliation, The needles '
and grains occur both as scattered crystals and in aggregates forming
zones relatively rich in actinolitic hornblende,

Epidote minerals abound in the Iron King meta-andesite making up
from a few percent to perhaps as much as 60 perceﬁt of some of the meta-
andesite flows. All but one of the thin sections of meta-andesites con-
tain epidote and about half contain either olinozoisiie or zolsite.
Clinozoisite and zolsite are commonly indistinguishable because of their
very fine grain. The epldote has normal birefringence and is light
colored ihdicating a low iron content, Only a few crystals are re-
cognizably pleochroic, The clinozoisite or zoisite commonly shows
abnormal blue interference color,

The habit of the epidote minerals varies., Epidote commonly occurs
in distinctly larger grains than either clinozoisite or zoisite, which
are commonly so fine grained that 360 magnification is necessary for
resolution. JAggregates of brownish epidote minerals commonly form
pseudomorphs after the former plagioclase phenocrysts; they form also
irregular-shaped masses, Most‘of the epidote minerals, however, occur
as fine granoblastic grains less than 50 microns in diameter, intimately
assoclated with quartz, albite, and chlorite,

The plagioclase ranges from albite (near Abyn,) to albilte-oligoclase
(near Ab85). Albite occurs with assemblages containing chlorite as the
dominant mafic constituent and albite-oligoclase with assemblages con-
taining actinolitic hornblende as the dominant mafic mineral. The

Composition of the plagioclase was determined by refractive indices.



Inclusions of microscopic grains of chlorite, epidote, and sericite
commonly cloud the plagloclase 80 that accurate determination of the
refractive indices is very difficult,

Plagioclase occurs as microscopic granoblastic grains, and aé
albitized and saussuritized relictphenocrysts and detrital grains., It
is most abundant and widespread as microscopic granoblastic grains
intimately associated with epidote minerals, chlorite, and locally
sericite, Saussuritized and albitized plagloclase is common. All
gradations were observed between epidote-chlorite pseudomorphs after
plagioclase, through epidote-chlorite-albite pssudomorphs, to nearly
uncontaminated albite crystals that appear to have formed pseudomorphs
after the original plagloclase, even preserving original twinning
lamallae,

Quartz was found in all but two or thres of the thin-sections
exardned, ranging from less than two percent to as much as 20 percent
for different specimens, It occurs as rounded grains, amygdules, or as
aggregates of granoblastic grains. It 1s these agsregates that form
the megascopic quartz grains in the rocks. The individual founded
grains are mostly granoblastic and microscopic and are associated
generally with albite, epidote minerals, sericite, and chlorite.

In some of the metatuffs sericite is more abundant than chlorite,
It occurs as very small flakes disseminated throughout the rock and as
concentrations in ribbons that anastomose through the rock, curving
around ﬁhe larger grains or separating 1nto.bands on elther side of the

grains and commonly rejoining. The ribbons are composed of aggregates
of sericite flakes oriented with their base in the foliation plane.

=28~



In typically meta-andesitic rocks almost all the sericite occurs as
small, scattered, flakes within albitized relict plagioclase, probably
being derived from the orthoclase 1n solid solution in the original
plagioclase,

Carbonate was recognized in about half of the thin-sections of
meta-andesites, Part is probably metamorphic and part probably post-
metamorphic in origin, The metamorphic origin of some of the carbonate
is suggested by attenuated quartz-carbonate amygdules, deformed and
twinned grains of carbonate, and carbonate in the pressure shadows of
relict plagioclase crystals, alihough this latter occurrence is not def-
inite proof. Carbonate considered as post-metamorphic occurs with or
without quartz in veinlets that are either parallel or transverse to
foliation. It forms also irregular aggregates that commonly have their
longer dimension perpendicular to foliation. In one section hornblende
adjacent to quartz-carbonate knots and veinlets was a;tared to green
chlorite, Uuch of the carbonate, however, occurs in disseminated small
grains and aggregates, the origin of which is obscure,
lieta-andesite tuff

The meta-andesite tuff occurs in three lithologic units, (1) adjoin-
ing the Texas Gulch formation on the east, (2) in the central part of
the formation, and (3) adjoining the Spud Mountain breccia on the west.,
Hencéforth these units will be referred to as the eastern, middle, and
western units. On fresh fracture the meta-andesite tuffs vary from
green to gray-green, and weather to dull yellowish-green or brownish-

green owing to the iron oxide formed from chlorite during oxidation.
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Although foliation is pronounced, it varies in strength both within a
single outcrop and in areas several thousand feet wide. In general,
the finer-grained rocks are more regularly and better foliated, but in
places it is difficult to determine whether the mbre.pronounéed folia-
tion is due to an originally finer grain or to more intense shear,
Fine- and medium~grained metatuffs are commonly interbedded on both
large and small scales and locally bedding was recognized by presefva—
tion of sorting., In a few places graded bedding, cross bedding, and
channeling were preserved, Chlorite-albite-epidote (or ¢linozoisite)
constitutes the chief mineral assemblage in the western meta-andesite
tuff unit, and to a lesser extent it occurs in the middle and eastern
units, Hornblende-albite-oligoclase-epidote or clinozoisite is the
dominant assemblage in the eastern part of the middle unit and in the
western part of the eastern unit of meta-andesite tuffs, Chlorite-
sericite-albite-quartz-carbonate is the dominant mineral assemblage in
the eastern part of the eastern meta-andesite tuff unit. Along the
southern margin of the map area blotite formed chiefly at the expense
of chlorite, and one section contains colbrless garnet,

Chlorite-sericite-albite-quartz-carbonate meta-andesite

tuff: Chlorite-sericite-albite-quartz-carbonate is the dominant mineral
assemblage in the eastern 3,000 feet of outcrops in the eastern meta~
andesite tuff unit, Simiiar rocks are found also in the western part of
the mid&le unit of meta-andesite tuffs, but are unknown in the western

unit,
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Some sections contained a 1little pyrite, and others contalned
leucoxene, The rocks contain a small amount of quartz that is not
evident from megascopic examination. The quartz content of one speci-
men was estimate& to be between 15 and 20 percent. The ricroscopie
quartz forms granoblastic grains associated with granoblastic albite,
small granules of epidote minerals, chlorite flakes, and in places
sericite flakes, Megascopically visible quartz occurs as small "auéen"
couposed of aggregates of granoblastic quartz grains., All the quartsz
1s clear,

The albite (about Ab95) occurs in microscopic granoblastic grains
that commonly contaln numerous inclusions, some of which are chlorite
flakes; other included minerals are too fine grained to be recognized.

Chlorite is abundant. It occurs as disseminated flakes and as
agsregates of fine flakes in small "ribbonsh or bands that anastomose
around the larger grains and "augen." Sericite is in general less
abundant than chlorite, although in certain beds it predominates. 1Its
distribution and habit is like the chlorite with which it is closely
~assoclated.

Carbonate in places constitutes by estimate as much as 15 or 20
percent of these rocks, It occurs as disseminated grains, irregular-
shaped patches, and as veinlets assoclated with quartz.

A few amall grains of zolsite or clinozoisite too small to dis-
tinguish were noted. The paucity of epidote minerals in these meta-
andesite tuffs is in strong contrast to all the meta-andesite tuffs to

the west, where commonly epidote minerals make up most of the rocks.
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This condition probably indicates either that the original plagioclase o
was albite or that carbonate is a more stable form of lime-rich mineral
under the temperature and stress conditions in which these rocks formed.

Although the metgtuffs adjacent to the Texas Gulch formation have
the same minerals as those to the west, the relative proportions are
different, (uartz, sericite, and carbonate are much more abundant, and
spidote minerals much less abﬁndant; these differences may represent
part of an original gradational change from the dominantly metarhyolitic
Texas Gulch formation to the Iron King meta-andesite tuffs., The
megascopic gradation shown in the green slate unit of the Texas Gulch
formation and the variations in relative abundance of quartz, sericite,
and chlorite from bed to bed supports this interpretation.

Along the south margin of ‘the mapped area, the chlorite-sericite-
albite-quartz asserblage appears to be passing into an assemblage con-
taining biotite. The extent and characteristica of the biotite-bearing
rocks arse not known, as they were recognized in only three thin-sections.
Two sectlons are characterized by a chlorite-biotite-albite (or oligoclase)
_ asgernblage and one by a biotite-sericite-quartz-grossularite assemblage.
Yagnetite and pyrite are minor constituents, The garnet is colorless or
very light pink and has a refractive index of about 1.745, indicating a
dominance of grossularite. The blotite is pleochroic in brown and light

yellow-brown, It is associated with chlorite and in part derived from
it.
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Hornblende-oligoclase-epldote-meta~andesite tuff: Toward the west

the chlorite-sericite-albite-quartz-carbonate metatuffs pass into horn-
blende-oligoclase-epidote meta-andesite tuffas, These latter rocks are
less well cleaved than the chlorite-bearing rocks, owing to reconstitu-
tion of platy chlorite to nematoblastic actinolitic hornblende.

The actiﬁolitic hornblende forms needles and fibrous plates crudsely
oriented with their long dimensions in the foliation, Epidote is more
abundant than clinozoisite and occurs as porphyroblasts and as fine gran-
oblastic grains scattered throughout the rock. Clinozoisite occurs chiefly
in small disseminated grains, The plagloclase, generally sodic oligoclasse,
forms very small granoblastic grains and is not as abundant as the epidote
minerals, Next to quartz-carbonate knots, actinolitic hornblende has
been altered to a green chlorite that shows anomalous brown interference
colors; this alteration suggests that the carbonate is late,

'The hornblende-oligoclase~cpidote meta-andesite tuffs are found
near small gabbroic¢ and dioritic intrusive bodies. Plate 1 shows the
larger masses, but other masses, too small to be mapped, occur in the
same general area. Beta—andesite flows, here assoclated with the metatuffs,

also contain actinolitic hornblends as the dominant mafioc mineral.

=33



Chlorite~albite~quartz~epidote meta~andesite tuff snd chlorite—

albite~epidote meta-andesite tuffs: Chlorite-albite-quartz~epidote

meta-andesite tuff and chlorite-albite-epidote meta~andesite tuffs are
the most widespread and abundant metamorphosed tuffs in the Iron King
meta~andesite. They compose all of the western meta-andesite tuff unit
and parts of the middle and eastern. ¥Fine- and medium-grained facies
are interlayered in bands ranging in thickness from less than 1 inch
to many feet. ¥Foliation is more pronounced in the fine-grained bands,
probably because of both more intense shear and finer-grained volcanic
detritus. Mafic constituents appear more abundant in the finer-grained
material than in the more gramular adjacent rocks.

Chlorite and epidote minerals, generally pseundomorphous after plagio-
clase, are the chief megascopic constituents. Quarts can be recognized
in some outcrops. Commonly most of the minerals are too fine-grained
for megascopic recognition, although a greenish color iniicates dis-
seminated chlorite. In thin-section chlorite, albite, sodic oligoclase,
carbonate, epidote, clinozoisite, zoisite, sericite, quartz, leucoxene,
apatite, and a trace of orthocle:ue were identified; howsver, chlorite,
aldbite, quartz, and epidote are the most abundant minersls. Chlorite
composes from 15 to 60 percent of the rock; it occurs ir microscopic
flakes and in concentrations in wavy bands. Sericite occurs as scatter-
ed flakes in albitized relict detrital plagioclase crysials and also in
bands 1ike those of chlorite, but is much less abundant. The epidote
minerals, consisting of epidote (most abundant), clinozosisite, and possidly
zoisite, are very abundant and commonly associated in 2 rock, Most of
the quartz is in microscopic, granoblastic grains but sxme of it is in
8ggregates of granoblastic grains, forming megascopic "azen." The
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plagioclase, chiefly in microscopic, granoblastic grains, is pre-

dominantly albite, but some is sodic oligoclase,

Meta~andesite flows

l(éta-andesite flows occur in two units, separated by the middlse
meta-andesite tuff unit, The western meta-andesite flow is adbout 5000 i
feet in outcrop width and the eastern is 3500{ fest. Where the dominant
mafic mineral is chlorite the meta-andezite flows are well foliateci,.;and
where 1t 1s actinolitic hornblends they are relatively massive. Relict,
pillo-w stfuctnrc was recognized in several places in the more massive
eastern unit, particularly in the water-worn outcrops in tha_ canyons of
the Aszua Fria and ite tributaries. A@ygdulas are common and in foliated
types are attemated, The meta-andesite flows are much more uniform
in fabric, mineralogy, and appearance than the meta-andesite tuffs and
these features are most helpful in distinguishing the flows from the
tuffs. Amygdules and pillow structure are diagnostic of a flow and
though they are sporadic they confirm the other criteria for distinguish-
ing these rocks from the tuffs,

The meta~andesite flows range from light green to.dark green, being
darker than the well-foliated meta~andesite tuffs., The flows are recon
stituted completely into a mineral assemblage stable under conditions
of low-grade metamorphism. Relict plagioclase altered chiefly to epidote
minsrals and chlorite is the dominant megascopic mineral. The actinolitic
hornblende can rarely be recognized in hand specimens, In thin-section,
chlorite, actinolitic hornblende, epidote, clinozoisite, aldbite or sodic

oligoclase, carbonate, pyrite, quartz, and sericite are the minerals
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recognized. Both albite ard epidote minerals form pseudomorphs after
former plagioclase crystals., Much granoblastic clinozoilsite and albite
occur in microscaopic grains in the finer-grained parts of the rock,

Chlorite~albite-enidote mets—~andesite flows: Chlorite-albite-

epﬁ.dote-mnta—andesite flows are all comprised in the western unit; they
were not positively identified from the eastern unit, although they
may occur there, They are amygdaloidal but do not contain recognizabdble
pillows, possidly because the strong foliation destroyed thems Clino-
zoisiie or zoisite occurs in addition to epldote and occurs as microw-
scopiq grains associated with chlorite and granoblastic albite. Most
of the n‘ericito is disseminated as flakes in the albitiszed phenocrysts..
Granoblastic albite is less abundant than in the related meta-andesite
tuffs and appears to range in composition from Abgy to Abgse A small
amount of gi-anoblastic quartz is common.

Hornblende~oligoclase~epidote or clinozoisite meta-andesite flows:

HEornblende~albite~oligoclase-epidote or clinozoisite meta-andesite

flows occur only in th9 eastern band of meta-andesite flows. These rocks
are more massive than the ﬂbvs‘to the west, because of the presence of
-actinoliti.c, hornblende and to less deformation. Amygdules and pillow
structures are common and do not appear to be apyreciably deformed.

In additidn to the characteristic minerals mentioned, carbonate,
pyrite, and a trace of sericits are accessory minerals in the rocks.
Actinolitic hornblende occurs as prismatic needles and fidrous masses,
whose long dimension is parallel to the direction of crude foliation.
Although the plagioclase ranges in composition from Abgs to Abgs, it is

chiefly sodic oligoclasa,
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Metarhyolite tuff and conglomerate

Metarhyolite tuff and conglomérate form a unit, 200 feet thick,
lying chiefly betwzeen the western meta-andesite flow and the upper meta-
andesite tuff units, It is foliated and some of the pebbles in the con-
glomerate are attemuated so that lengths are many times greater than
widths; while others are only slightly attemated. Probably none of
the orlgina.l cobbles exceeded three inches in diameter, although the
det;)rmtion makei difficult any estimate of original size. Near the Iron
King mine the conglomératic facies, occurring from 35 to 95 feet above
the base, consists of interbedded conglomerate and mstarhyolite tuff.
Chalcedony, Jasper, fine-grained leucocratic granitic rock, and an
aphanitic siliceous rock whose origin 18‘ uncertain, compriss the types
of cobbles and pebbles recognized. The upper part of the unit contains
a few narrow beds of gray slate. One good exposures of graded bedding
indicated that the top of the bed is toward the west,

The metarhyolite tuff and conglomerate is generally light gray but
locally has a greenish cast because of amall amcunts of chlorite. It
contains quartz‘(most abundant), sericite, feldspar, a little chlorits,
and pebbles and cobbles as the megascopic constituents, In thin-section
the metarhyolite tuff consists of abundant sericite, quartz, albite, and
a trace of clinozoisite or zoisite. In scme beds fragments of either
rhyolite or rhyolite tuff are sheared ovut and altered to streaks of
sericite and quartz.

The metarhyolite tuff and conglomerate appear to be lithologically
1dentical to the metarhyolite tuff of the Texas Gulch formation. All the

lithologic types found in the latter unit can be found duplicated in the
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former, and even the pebbles in the meta~conglomerate deds from the two

units gre similar,
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SPUD MOUNTAIN METABRECCIA
Distribution

The Spud Mountain metabdreccia, here named from Spud Mountain lying
about one mile west of the Iron King mine, is exposed in a belt ranging
from 4000 to 4500 feet wide in the western part of the area mapped V
(pl. 1). It 1s bounded on ths east by a gradational contact with the
Iron King meta~andesite and on the west by a pre~Cambrian fault now
marked by a dike. On the southeast it is invaded by quartsz diorite,
and on the northeast it is overlapped by the alluvium of Lonesome Vglley.
The regional strike of the formation ie N. 30%° E. and the dip is generally
-steep toward the west. About ten miles north-northeast of the Iron King
mine the Spud Mountain breccia crops out on the east side of Lonesome

Valley in the low hills along the front of the Black Hills,

Stratizraphy
The Spud Mountaln metabdreccia consists of interbedded, metamor-

phosed volcanic breccia, lapilli tuff, and coarse and fine tuff in various
amounts; metabreccia 1s most abundant. The chief mass of breccia stands
out as a topographic high, forming Spud dountain and similar hills

along the strike extension southward, Metatuffaceous parts of the
formation form topographic lows unless held up by interdedded dreccia
beds.
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The base of the Spud Mouatain .metabreccia is gradational' into the
Iron King meta-andesite through interbedding of the lithelogic types
characteristic of the two units. The lowermost bed typical of Spud
Hountain metabreccia was recognized Just to the west of the Iron King
veins (pl. 2). Most of the rocks, however, between this bed and the
contact, as shown on plate 1, are typical of the Iron King meta-andesite
and were included with that formation. It is impractical to map separ-
ately the variocus llthologic typee in the Spud Hountain metadreccla on
the scale used for the regional map, as interbedding betwaen metabdbreccia
and metatuffs occurs throughout the entire formation, the chief differ-
ences between sreas being variations in relative amounts of each.
Locally metamorphism was sufficlently intense to destrc;ay the ori;gina.l
texturs and breccia structure so that breccia siructures in a particular
metabroccia bed are apparent in one locality but destfoyed in another,
However, the general distribtution of the chief lithologic types is kmown.
The eastern half of the formation is characterizied by massive meta~
breccia beds interbedded with subordinate amounts of fine material in
. zomes less than 100 feet in outcrop width. West of this zome lapilli-
metatuff and metatuff increase in amount but metabreccia beds are com-
mon, The western 1000 te 1500 feet are predominantly metatuffs with
interbedded metabreccia beds. This part of the formation is poorly
exposed and partly covered by alluvium which adds to the difficulty

of determining the relative amounts of rock types.



Two zones of meta-andesite flow were recognized in the Spud Moun~
tain dbreccia. One, 150 to 250 feet in outcrop width, occurs about 750
to 800 feet west of the Silver belt-McCabe vein west of the Iron King
mine. It could not be traced as far south as the road leading to the
ghost town of MeCabe, It consists of flow and flow breccia material.
The other occurs from 200 to 300 feet east of the Silver belt—ucdabe
vein in the area south of the road to McCabe, This metaflow 1s more

difficult to bound, and the thickness is not known.

Petrography

In outcrop the rocks va.z;y from well-foliated and cleavablae to massive
types that have a pronounced foliation or planar structure but do not
cleave readily parallel to that structure, In some exposures of meta-
breccia beds the fragments are not deformed perceptibdly; in others they
are 80 attenuated that lengths are 8 to 10 times the widths. The Spud
Mountain mata’ore.ccia. has two foliations, one striking from north to
¥, 30° w,, the other from N. 20° E. to N. 35° E. Both dip at high angles
westwa.rd.. The significance of the two directions of foliation is dis-
cussed under structure.

Locally bedding is well preserved in the metatuffs and is par~
ticularly discernible in the larger gulches., Strikes range from N. 5° E.
to N. 409 E, and the dips are generally steep toward the west. A few

&oopetal structures, largely graded bedciing, indicated top toward the

wost,



Megascopically the metatuffs and metabreccias are green to gray~green
on fresh fracture and various shades of yellow-green, browns, and reddish-~
browns on weathered surfaces, The megascopic minerals are chlorite,
quartz, saussuritized plagioclase; and in places actimolitic hornblende
can be inferred, although genesrally the hornblende is too fine~gralined
to be recognized with assurance under a hand lens. In places, especially
in the metabreccia beds, the rocks are flooded with anastomosing veinlets
of quartz and epidote, In places the fragmental character of the breccia
beds is obscure. Beds of very obvious breccla grads along the strike
into massive rocks in which no vestige of the original fragments remains.
The original shape, size, and distridbution of the original plagioclase
crystals can be recognized long after the breccla fragments have dis-
appeared possibly because the epidote minerals, which indicate the outline
of the original plagioclase, are stadle minerals under low-grade meta-
morphism,

The fragments in the metabreccia beds range from less than one inch
to 18 inches in diameter and are composed of metarhyolite and meta-andesite.
Fragments vary in size from one bed to anothsr, but the size within
individual beds is generally uniform. The metarhyolitic fragments are
light-colored and contain relict quarts and saussuritigzed feldspar in
8 fine-grained ground mass., The meta-andesitic fragments are commonly
anygdaloidal, light green because of their mafic constituents, and
contain relict phenocrysts of laussu£itized plagioclase. Other frag-
ments are composed largely of quartzs and epidote; their original com-

Position is odscure.



In thin-section the rocks are seen to de composed of chlorite,
actinolitic horndblende, epidote, clinozolsite, albite, quartz, sericite,
trace of biotite, and leucoxene. The dominant minerals are chlorite,
actinolitic hornblende, clinozoisite, albite, and quartz, Three assem-
blages were recognized: (1) chlorite-albite-clinozoisite (or epidote)
with or without quartz (2} actinolitic hormblende-albite-clinozoisite,
and (3) actinolitic hornblende~chlorite-clinozoisite-albite. One bed
in the transition zone between the Spud Mountain metabreccia and the
Iron King meta-andesite is comwosed of chlo;ite and albite,

The habits and occurrences of the minerzls in the Spud Mountain breccia
are siﬁilar to those in the Iron King meta-andesite. Actinolitic horn-
blende occurs as oriénted needles and bands of needles, Chlorite is dis~
seminated as flakes intimately assoclated with microscopic granoblastic
albite and quartz, and in saussuritized plagloclase, Epidote minerals
occur in small disseminated gramules and in large aggregates that com-
monly form pseudomorphs after the outline of plagioclase. Quartz forms
microscopic granoblastic grains associated with epidote minerals, albite,
and chlorite, and forms megascoplc aggregates of granoblastic grains,
.Albite is the dominant plagloclase, but the composition of the plagioclase
probably ranges from Ab95 to Ab85. The albite occurs in irregular, micro-
scopic granoblastic grains and as albitized plagioclase crystals that are
Pseudomorphic in form after the original plagioclase, Sericite is not
abundant but is widespread as small fiakes scattered throughout the al-
bitized plagioclase crystals, A few flakes are commonly scattered through~
out the reconstituted parts of the rocks. Leucoxene, in irregular shaped

masses, is widespread but not abundant,
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CHAPARRAL GULCH METAVOLCANICS

Distribution

Phe Chaparral Gulch metavolcanics, here named from the good
exposures in Chaparral Gulch, sre exposed in a northeasi-trending
belt in the western part of the area (pl. 1), Pre-Carcdrian igncous
rockzs shat were intruded along feults bound the Chaparral Gulch neta-
volcaniés on the northwest and on the southeazst; hence the thickness
of the formation is not knowp, but its outcrop width ranges from 1500
feet to a little over 3500 feet. The extent of the metavclcanics to
the northesst heneath the alluvium of Lonesome Valley is not known.
Xt is not present between the Spud Mountain metabreccla and the
Indian Hills metavolcanlcs where these rocks arc gseen six miles to
the north on the ezst slde of Lonesome Valley., The extent of the
formation to the southwest has not besexn determined.

Stratigraphy

Because dikes, which were iniruded along faults, bound the
Cheparral Gulch metavolcanics, their age relations to adjscent forma-
~tions are not known. Perbaps if the stratigraphic relationships
cf tke formation were known, it would not merit formaticnal ranik,

The Chsparral Gulch metavolcanics are composed of interbedded
metarhyolite and meta-andesite. HMetarhyolite is subordinate to mets-
andesite tuffs. In the section exposed meta-andesite tuff lies
above and below the meta-rhyolites and forms both tke top and bottom

of the metavolcanics. An estimate for the exposed thickness in tke
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southern part of the area is 1500 to 2000 feet, Shear has thinned
anits differentially to such an extent that any thickness estimates
are only applicable locally. Bedding, determined from originsl sorting
that is still visidle in the distribution of saussuritized plagioclase,
is parallel to folliation except in the crest of the anticline exposed
in the southwest part of the formation., Two top determinatidns on
graded bedding in the southern part of the unit indicated top to the
east along the southeast edge of the Chaparrsl metavolcanics,
Petrogravhy

The Chaparral Gulch metavolcanics were sheared more intensely
than any other rocks in the district. They show a strong teandency for
the micaceous minerals and quartz-albite to separate into individual
bands, Many of the relict plagloclase crystals have been fractured
into several parts that are no§ separated, Bands of very fine-grainead

granodblastic aggregates may indicate former mylonite zones,

Meta-andesite tuff
The meta-andesite tuff var;es in texture, structure, and
- mineral composition, hence in physical aspect. The dominant type 1s
characterized by the assemblage chlorite-~sericite—albite-epidote-
quartz; 1t is a fine-grained, very well foliated rock that varies
In color from green or light green, to green with irregular patches
and streaks of light-green and white. - The color changes reflect
the variation in relative amounts of the component minerals and even

differences in the mineral assemblage itself, The mixture of sub~
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ordinate amounts of rhyolitic mzterial with the predominant andesitic
detritus has produced the variaticns, and where rhyolitic material
Yecame cominant, it formed the metarhyolite tuff interbedded with
the meta-andesite tuff, Some metarhyclite tuff beds, tco thin to
be mapped, are erratically d'stributed throughoul the neta-andesite
tuff, Quarts igfgéanoblastic grains or agsregates of granoblastic
grains. Albife occurs in relict crystals enclosing microscopic
grzins of sericite, epidoie, and chlorite and in microscoplc grano-
blastic or cataclasiic grains associated with quartz, chlorite, and‘
epicote, Sericite, as concentratiors in bands, 1s associated with
chlorite, and occurs also a3 disseminated flalkes in the albitized
plagioclase crystals.

Intervedded with the meta-andesite tuff contzining consider-
able sericitc are beds characterized by the assemblage chlorite-
a.bite-epidote, with only a little accessory sericite and quartz,
These beds are dark green. They contain zbundant megascopic sans-
suritized plagloclase and hava a much less pronounced foliation,
Thess beds are regarded as reiztively pure meta~andesitic rocks,
A1l gradations are found between them and the fine-grained, sericitie
meta-andesite tuffs, Microscopically the meta-andesite tuffs are
Composed of chlorite, sericite, albite, epidote, clinozoilsite,

@artz, negnetite, and leucoxene. Microcline was not recognized

but ray be present.
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Hetarhyolite flow

The rocks here called metarhyolite flow may be in vart meta-
rhyolite tuff, The basis for calling them flow rocks is appsrent
relict flow banding in the northern exposures of the unit. The unit
aopears distinet from the metarhyolite tuffs, thouvgh the significance
of the banding may be doudbtful, The metarhyolite flow has a much
less pronounced foliation and appears more gramular, In thin-section
it is seen to contaln more feldspar and mach less sericite than the
metatuff, Altbough thia feature dces not prove the rock is a flow,
the more felspathic rock has apparent flow banding and no recognisable
sedimentary features, whereas the sericitic metarhyolite has sedi-
mentary features but no flow banding,

The metarhyolite flow, characterized by the assemblage sericite-
microcline-albite~quartz, is white to pink on fresh and wezathered
surfaces, It is folisted, but locally foliation is not prominent,
aspecially where sericlite is sparse, Quartz and feldspar, in greins
not over one mm. in diameter, are the megascopic minerals,

Thin-sections show that tﬁe netarhyolite flow is composed of
sericite, albite, microcline, quartz, and carbonate. Albite, micro~
cline, and quariz occur both in residual megascopic crystzals =nd in
microcrystalline, irregular-shaped grains; sericite is in flakes,
Carbonate cccurs in sparsely disxeminated grains,

It is not clear whether the plagloclase was originally albite or

whether it was an intermediate plagioclase that was albitized during

metamorphism,
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Metarﬁyolite tuff

The metarhyolite tuff occurs in two units, The more westerly
unit is white or rarely a light pink., The eastern band is most com-
monly light buff but locally contains sufficient chlorite to give
some banﬁs a greenish cast, The planar structure, which in places
looks like foliation and in other places like bedding, is very even
and closely spaced.

Quartz and feldspar are thé only truly megascopic minerals,
but sericite is obviously present, as'indicated by the lustre and
color of the cleavage planes of the rock, Iﬁ gection quartz and
gsericite are more sbundant than microcline and aldite; there is a
trace of chlorite in the upper unit. Megascopic quartz, microcline,
and albite blastoporphyritic crystals are set in a foliated micro-
scoplc matrix of cataclastic and granoblastic sericite, quartz,

microcline, and a little albite.



INDIAN HILLS METAVOLCANICS

The Indian Bills metavolcanics, here named from the exposures
in the Indian Hills in the Mingus Mountein quadrangle, occur in the
northwestern part of the area, largely mapped by Krieger and Eckstein,
The metarhyolites and meta-andesites crop out in north-trending bands
gbout 2500 feet and 3000 feet wide respectively. 'fhey are bounded
on the south by a fault contact, along which pre—Cambrian‘ diorite
was intruded, and are overlapped on the north by alluvium of Lone-
some Valley., A large mass of diorlte lies west of the metarhyolite.
To the east the meta-andesite passes into dense, mafic metamorphiec
rocks (not shown 'on plate 1) whose origin is uncertain,

Northward-trending foliation is pronounced in the metarhyolite
and the western part of the meta-andesite in all areas away from
the southern contact with the diorite. As the southern contact is
approached from the north, the foliation and formation swing from
north t.o northeast, tending to parallel the contact, This change in
attitude of the foliation is due either to drag along the pre-Cambrian
fault or to the local development of a new foliation roughly parallel
to the fault.

The metarhyolite is & fine-grzined pink rock ia which crystals.
of quartz and feldspar are visible in a microscopic matrix, In
Places banding suggestive of flow banding occurs. It is not kmown
whether the metarhyolite represents lava, tuff, or a combination

of both, A thin-section from the small band of metarhyolite south



of latitude 34° 30! is commosed of 60 percent quartz, 30 percent
potash feldspar, and 10 percent sericite. The quartz and feldspar
occur in granoblastic grzins, commonly separzted by cataclastic
zones, The sericite occurs in flakes. The texture closely resembles
that of an aplite. Toward the east the metarhyolite grades into

the meta-andesite,

The meta-andesite is dzrk green. It is composed of meta-
andesite flows, meta-andesite flow breccia, and some metatuffaceous
sediment. Amygdules of quartz and carbonate are common and widely
distributed in the metaflows, and pillow structures were recognized
at one locality. Metamorphosed flows are more sbundant in the eastern
part of the unit, Westward, interbeds of metasediments increase

in abundance until they predominate over flows,
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ORIGIY OF THE PRE-CAMBRIAN METAVOLCARIC ROCKS

The following teble summarizes the common mineral assemblages
recognized in the pre-Cambrian netavolcenics,

Table 1,--Common minersl assemblages in pre-Cazmbrian metavolecanics

1. Chlorite-albite-epidote-  meto-andesite " Texas Gulch
clinozoisite ‘ brecciz i formation

2, Omartz-gericite _metarhyolite tuff

3. Chlorite—sericite-albite—-§ neta~-andesite tuff, Iron King
guartz-carbonate : neta-zndesite

L, Actinolitic hornblende- | meta-andesite tuff
ollgsoclage—eplidote j and flow

5, Chlorite-albite-epidote | meta~andesite tuff

(with or without guartz)' and flow |

6, Sericite-gquartz-albite : metarhyolite tuff '
?. Chlorite-albite-clino~ | metabreccia and | Spud MHountain
zolsite or epldote- | tuff metabreccia
quartz ; .
8. Actinolitic hornblende- | do ;
albite-clinozoisite '
9. Actinolitic hornblende-~ i do
chlorite~albite~clino- !
zoisite *
10, Chlorite~albite : do
11. Chlor1te-sericite—albite- meta~-andesite tuff; Chaparral Gulch
evidote~quartsz !  mebavolcanics
12, Chlorite-zlbite-spidote ; do
13, Sericite-microcline- . metarhyolite tuff
quartz-albite i___and flow L

In large part the mineral assemblages comprising the meta-
andesites and metarhyolites represent dymamothermal metamorphic facies
derived from normal volcanic rocks. under low temperature and moderate
stress, Certain of the assemblages, notadly 3, 10, and 11 in Table 1,

may require some special explanation,
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The metamorphism of much of the metz-andesite tuff, all the
meta-andesite flows, the Snud Mountain metabreccia, and the meta-
a.ndes:ite breccia of the Texas Gulch formation have yielded mineral
assembleges (1, &, 5, 7, 8, 9 and 12 of Table 1)} which are expectable
from andesitic voleznics., Turner (1948, p. 52) utilized the follow-
ing schematic representation to indicate the transformation of basic
igneous rocks under low-grade conditions into stable metamorphic
derivatives that are similar to those referred to in Tsble 1:

Augite (or hornblende) «+ plagioclase i ilmenite 1 water =

actinolite + chlorite (aluminous)t epidote + albite

+ gphens, or = chlorite + epidote + aldite + sphene

(vith minor quartz).

Barker (1939, pp. 280-281) gives essentially the same assemblages .
as being the normal products of low-grade reglonal metamorphism of
basic lavas and tuffs, and Eskola (1939, pp. 357-359) classifies
rocks with these metamorphic assemblages under his greenschist facies
and indicates that the minerals are stable under conditions of low
temperature and moderate stress, Hutton (1949, p. 50) states that
the greenschist of Western Otago, New Zealand, which includes albite=~
epidote~chlorite and albite-epldote-actinolite schists are the re-
sults of low-grade dynamothermal metamorphism of basic igneous rocks.
He has furnished additional proof -(Hutton 1940, p. 51) by two chemical
analyses. The analysis of an albite-epidote-actinolite-chlorite
schist is rezsonably close to that of a quartz gabbro, whereas an
actinolite~chlorite-albite schist ia.s remarkably similar chemically

to a basalt.
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The metamorphic assemblages developed from metarhyolites are
given by z, 6, and 13 of table 1. The products of low-grade meta-
morphism of rhyolitic rocks are.predicta‘ble fron a knowledge of ihe
bulk cormposition and the minerals sizble nnder those conditions,
The following schematic representation indicates the minerzlogleal
transformaﬁions:

Plagioclase + orthoclase + quartz 1" biotite (s:mll

a,n{ount)-f C0p + vwater = aldite + quartz + sericite

+ carbonate + chlorite (small amount).

Apparently potash feldspar can occur with the products as s
relict or ezn be cenverted completely to sericite. In general the
metarhyolites consist of normal minerzl assemblages in the correct
proportions, but some possible variations are noteworthy, The meta-
rhyolite tuffs and._flows in the Chaparral Gulch metavolcanies do
not contzin any visible carbonate and the thin-sections show only
a trace. It seems possible that the original plagioclase may have
been albitic, If so, the original rocks were probably quartz kera-
tophyres instead of rhyolites, However, the solubility of cardbonate
is so great with respect to other minerzls present that the possi-
bility of removal of the carbonate in solutlion exists., None of the
netarhyolites contalns more than a trace of chlorite which probably

reflects a very low mafic content in the parent rocks,



The assemblages repreéented.by 3 and 11 of table 1 represent
bulk compositions intermediate between that of the meta-andesites
and metarhyolites previously discussed, The field occurrence of
these rocks suggests that they represent a mixture of rhyolitic and
andesitic tuffaceous sediments, The chlorite-sericite-albite~quartz-
carbonate assemblages in the eastern metatuff member of the Iron King
meta~andesite grades into the dominantly rhyolitic purple slate and
metarhyolite tuff units of the Texas Gulch formation through a green
slate that contains an abundance of both sericite and chlorite. The
vestern part of the Texas Gulch formation has here and there slightly
chloritic bands that appear to anticipate the gradational change
into the Iron Xing meta-andesite. In the lower metatuff unit of the
Iron King meta-andesite irregularities in the relative amounts of
the mineral constituents from bed to bed suggest a mixture of detritus
from different sources., Quartz and orthoclase or potash-bearing clay
minerzals were probably the parent minerals for the quartz and sericite
in the eastern tuff unit. The presence of biotite, which results
from reaction between sericite and chlorite with increase in the
grade of metamorphism, indicates the presence of available potash,
The lack of potash in strictly andesitic rocks resulted in the
formation of actinolitic hornmblende in place of biotite under similar
grade conditions, The paucity of epidote minerals indicates either
original albitic plagioclase or mefamo:phic conditions of the lowest

grade in which carbonate was formed in place of epidote minerzls,
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There is 1ittle doubt that the chlorite-sericite-albite-—epidote~
guartz assemblage in the Chaparral Gulch metavolcanics represents
a mixturs of* andesitic and rhyolitic detritus, as all gradations
hetween the two types exist, Although meta-andesite predominates,
metarhyolite 6etritus occurs in beds ranging in width from a few
rillimeters to several hundred feet (pl. 1).

Microsconic studies have yielded some information on the re-
actions by which the metamorphic minerals were formed, Albite and
albite-oligoclase occur in two habits, as microscopic granoblastic
grains and as albitized relict plagloclase, The granoblastic habit
i3 charascteristic for low-grade metamorphic rocks and results from
the separation of the albite component in plagioclase with the
sirmmltanecus production of epidote minerals, No disagreements exist
23 to the general charzcter and end products of the'reaction,
pleglioclase + water= albite + epidote minerals, dbut the precise
chemical method by which the transformation is zccomplished is much
debated. In thin-section ageregates of albite and cpldote minerals
(with or without small amounts of sericite and chlorite) that retein
the crystal form of plagioclase indicate the reality of the process,

That plagioclase crystals have been albitized is shown by
microscopic evidence alone. Thin-sectlions of meta-andesite flows
show relict plagloclase crystals that have the crystal habit and
broad twinning charscteristic of phenocrysts in andesites, but are
albitic in composition, To a lesser extent, sectiorns of mets-andesite

tuff show similar features. Although some crystals are quite clear



except for scattered flakes of sericite, others contaln various
amounts of epidote minerals. The crystals preserved by albitization
represent only part of those originally present, and commonly are
those that lie with their long dimension parallel to foliation,

All the feldspar shows cataclastlc effects. All gradations of frac-
turing, displacement, and granulation exist between the best pre-
served crystals which are gramlated onlf around the periphsry te
those whose original oceurrence can be surmised only from a lenticular
streak of granoblastic grains. The crystals that lie transverse -
to the foliation are disturbed the most and only a few wvhose long

axes originally made angles of more than 30° with foliation have
survived, On the other hand, masses of epidote minerals, without a
trace of associated albite, preserve ﬁhe outline of the original
plagioclase crystals. Hicroscopic granoblastic albite alse is present,
Hence it would appezr that some plagioclase erystals were destroyed
completely, with the sodium and some silica being utilized for al-
bitization and granoblastic albite, while calclum, aluminmum, oxygen,
and the remaining silica c;mbined with water and possibly iron to

form clinozoisite or epidote. The albitization would require the
replacenment of alumirmum by tetravalent silicon. This reactiom womld
release additional calcium and alumina which would unite with addi-
tional silica, oxygen, and water to form clinozoisite, However,
calcium is in excess of the amount necessary to combine with aluminum

to form clinozoisite. It must elther react with CO, to produce
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caleite or be removed. The fine granuler clinozoisite (or zoisite)
so common in meny of the sections could form in this way., Although
the process outlined is theoretical and only a possibility, it does
utilize the original components to produce the existing minerals
in the form in which they are known to exist, and it does not re-
quire the introduction of material from an outside source,

In the Iron King meta-andesite actinolitic hornblende occurs
in a broad band through the central part of the formation., The igneous
rocks in this area, which may have been intruded during the metanor=-
phism, probably account for the higher temperatures indicated by the
local development of actinolitic hornblende, The actinolitic horn-
blende in the Spud Mountain metabreccia is more difficult to explain,
Perhqés it ig related to some unexposed offshoot of the large mass
of granodiorite to the southwest., The presence of both chlorite
and actinolitic hornblende in some assemblages possibly may be
accounted for by the amount of available quartz besides the obviouns
explanation of incomplete equilibrium, Free quartz 1s present in
assemblages contalning chlorite and is adbsent in the assemblages
containing actinolitic hornblende. Asa actinolitic hornblende forms
from chlorite by the addition ;f lime and silica, possibly the
abundance of avallable lime and silica governed the amount of
actinolitic hornblende formed. Under such conditions chlorite and

actinolitic hormblende could exist together and represent equi-

1ibrium conditions.



The assemblege chlorite-zlbite (assemblage 10, table 1),
which occurred in the trznsition zone between the Iron King meta-
endesite and the Spud Mountain dreccia is abnormal. It could form
in several ways, all of which involve removal of lime prior to or
contemnporaneous with metamorphism, The removal of lime results
in a relative enrichment in soda and consequently albitization,
The local floods of quartz-epidote veinlets in certain zones in

the Spud Mountain metabreccia shows that lime and alumina migrated,
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Pre-Canmbrian intrusive rocks

GRANITE AND ALASKITE

Two masses of granite and one of alaskite occur within the
area shown on plate 1, The granites occur along the ezsstern and
western edges of the area, and the alaskite is in the north-
central part,

The granite mass 1n the eastern part was mapped only along
its western contact; its extent to the east is unknown, On the
north it is bounded in part by gadbdbro, and on the west and south-
west it is in contact with q@rtz porphyry. The granite is prob-
ably younger than the quartz porphyry, but 1its age relation to the
gabbro is uncertain, It lies along the western margin of a large
nass of thé Bradshaw granite, as described by Jaggar and Palache
(1905, pp. 3-4). In this area the Bradshaw granite is chiefly

granodiorite and the granite may represent a local variant,

In outcrop the eastern granite is a light buff color. It weathers
to rounded, mére—resistant masses that are separated by areas of no
exposures, which are covered by residual decomvosed granitic debris,
The granite is coarse grained hypidiomorphic granular, It contains
about 5 percent (by estimate) of biotite, some plzgioclase, and
abundant ﬁotash feldspar and quartz, The granite was not studied
microscopically. .

The granite mass in the western gart of the area mapped is

bounded by diorite and gabbro., According to Krieger and Eckstein



(oral communication), who mapved the northern part of this mass,
pegmatitic offshoots from the granite cut the adjacent dlorite

and gabbro, indicating that the granite is younger. This granite
i3 a medium-grained rock, and local areas in hand specimens have a
relict hypidiomorphic granular texture. Biotite, albite, patash
feldspar, and quartz are the dominant constituents. Potash feldspar
18 about twice as abundant as albite; quartz comprises up to 30
pvercent of the rock, and biotite from 5 to 10 percent. Sericite and
leucoxene are accessory minerals. The textures of the granite have
been modified considerably by deformation, but an igneous texture

is still dominent, Quartz i1s in lerge part granoblastic., Both
potash felds_z;ar and albite in places have mylonitic finely gramlated
boundaries and small zones of mylonite are localized at the common
intersections of several grains. The cores of the feldspar, however,
have not recrystallized. Some gramalation has occurred along small
fractures,

The alaskite crops out in a small area in the north-central
rert of the area; it is boun;ied on three sides by the Chaparral
Gulch metavolcanics and is overlapped on the north by the alluvium
of Lonesome Valley. The alaskite is well foliated, perhaps more
80 than any other granitic igneous rock in the district except the
&ranodiorite dikes intruded along the faults bounding thé Chzparral

Gulch metavolcanies, .
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Aleskite porphyry forms a bo.rder facies along the south-—
western part of the alaskite. Angular fragments of feldspar and
quartz with smzller amounts of sericite form the dominant mega-
scopic ' constituents. Althoﬁgh the zlasklte was not studled
nicroscopically, the quartz and probably part of the feldspar has
recrystallized. ‘

The age relations of the granite and alaskite to other pre-
Cambrian rocks in the district are only partly known, The granite,
alaskite, and the granodiorite, which will be described in the
following section, are all part of the Bradshaw granite, a gener-
al unit described by Jaggar and Palache (1905) for the vast amount
of granitic rocks that occur in the Bradshaw mountains., Jaggar
and Palache (1905 , p. &) descride two modes of occurrence for
diorite, one, as a margin;al facies of the Bradshaw granite, and two,
as independent bodies. They relate the first occurrence, with
Justification, to the iBradshaw granite, but for the second they
do not exclude the possibility of a different period of intrusion,
" The granite in the western part of the Humboldt region is younger
than the diorite and gabbro in which it occurs, as previously de-
scribed. But whether or not this represents the general case will
bave to await additional field work in the district., There are
Teesons based on structure for believing this diorite-gabbro body

™Y e older than others in the Humboldt region.

61~



GRANODICRITE AND QUARTZ DIORITE
Mepping in the granodiorite area was limited to tracing the con-
. ;
tact of this rock and the adjacent ‘;zxetavolcanics. The smal} mass.
of granodiorite in the northeast and the quartz dlorite in the south-
west corner of the Humboldt region (pl. 1) both increase in outcrop
width into large bodies of medium~ to coarse-grained rock,

The ‘granodiorite in the northeast corner of the region is a
mediuin- to coarse-grained, hypidiomorphic gramilar rock. Hornblende
and bioctite are the characteristic mafic minerals, Quartz is abundant,
constituting by estimate z2bout 25 percent of the rock. Potash feld-
spar occurs as large pink crystals; plagioclase, more abundant then
potash feldspar, ia white and commonly shows polysynthetic twinning.
As exposed along the road to Cherry, the granodiorite appears rela-
tively uniform for perhaps ten miles from its western border,

The quartz diorite, exposed in the southwest corner of the regionm,
is a light-colored, medium—graiﬁed, granitic rock, Here and there
around the mai'gins it i1s deformed, sufficiently so that a crude folia-
tion has developed. The dike of quartz diorite along the eastern
boundary of the Chaparral Gulch metavolcanics has been sheared strong-
ly, and it possesses a pronounced foliation., 4s a rough approxima~
tion, the marginal quartz diorite contains from 20 to 25 percent
mafic minerals, from 15 to 20 percent quartz, and from 50 to &0° peccent
feldspar; plagloclase appears to predominate greatly over po‘\'ob\n

feldspar., Away from the ma.rginsv. which are appreciably oltec ed, the
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rock is probably a hornblende-biotite-quartz dlorite., In the mar-
ginal rocks bilotite, pleochroic in deep green and light brown, is
altered partly to chlorite, and green hornblende to chlorite and
biotite., The plagloclase 1s saunssuritized; the relict grains con-
sist of abundant epidote and clinozoisite (1)}, chlorite, and seri-
cite, all set in 2 base of albite, Here and there less sanssuritized
oligoclase occurs as small grains or parts of larger crystals, Ortho- -
clase occurs in irregularly shaped grains. Quartz is fractured and
strained, and commonly exhibifs cleavage or regular fractures as a
result of the deformation, Accessory apatite is common,

Yo distinction between granodiorlte and quartz diorite was made
for the dike rocks {qd) that partly bound the Chaparral Gulch meta-
voleanics and for the mass (qd) in the north-central part of the
Hunmboldt rezion, for these rocks are too strongly deformed and al-
tered for one teo distinguish between the two types on the bases of
megascopic examination and a few thin-sections., They are grouped
under quartz diorite because.of their close spatial relastion to the
quartz diorite mass in the southwestern corner of the Humboldt region
and because one of the dikes appears to be an offshoot of the gquartz
diorite., The megascoplec constituents of the sheared quartz diorites
are quartz, sericite, fragments of feldspar, and, rarely, a little
chlorite. In places the planar structures are so well developed that
the rock is schistose., Toward the southwest ths degree of shearing

gradually diminishes as the maln mass of quartz diorite is approached.
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The agé of the granodiorite and quartz diorite is belleved to
be the aame as that of the granite, dlscussed in the preceding secc-
tion, as this graniie, so far as known, is a local faclies variation

of the grancdlorits,
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DIORITR, QUARTZ DIORITE, GABBRO, AND DIABASR

Mafic, holocrystalline, intrusive rocks, including quartz diorite,.
gabbro, and diabase are widespread throughout the regilon mapped, com=
nonly in small masses (pl. 1). Some of the masses are megasconically
homogeneous in mineral compositicn end texture, whereas others have
a considerable range in both composition and texture., In places where
shearing and alteration were pronounced, the writer was unable to dis-~
tinguish between dlorite and é;a’bbro. The following table summarizes

the rock types recognized,

Location Rock type recognized

1. Eagt-central margin of Humboldt 1. @abbro

region :

2. Smell mass in meta-andesite 2, Diorite porphyry
btreccia, Texas Gulch formation

3. Central part of Iron King 3. GCabbro, diabase
meta-andesite

L, Dike bounding east side of L, Diorite and quartz
Chaparrel Gulch metavolcanics diorite, gabbro (?)

5. Dike bounding west side of 5. Diorite, gabbro (1)

Chaparral Gulch metavolcanics

6. West-central margin of Bumboldt 6. Diorite, gabdbro,
reglion dizbase




Diorite and quartz diorite form relatively homogeneous masses
in the dike bounding the east side of the Chaparral Gulch meta-
volcanics. These masses are chiefly dlorite, but near the margins the

'diorite locally grades into a border facles of gquartz diorite. These
rocks generally do not show a megascopic foliation, but metamorphism
has destroyed completely the original igneous texture. They have a
medium grain but contain irregular dlebs as much as 8 mm. in diameter
of (1) aggregates of epidote minerals and plagloclase, (2) areas in
which actinolitic hornblende is concentrated. The rest of the rock
appears gramlar., The rock is composed chiefly of granoblastic quartz,
epidote, clinozoisite, and plagloclase (Ah80-85)' platy chlorite, and
fibrous actinolitic hornblende;

Mafic diorite is dominant in the dike that bounds the Chaparral
Gulch metavolcanics on the west, but some gabbro may be present. It
has a pronounced planar structure that in section 1s seen to be due to
irregular cataclastic zones. The mafic diorite is medium grzined
and contains megascopic saussuritized plagioclase, fibrous hornblende,
and here and there chlorite and a little quartz., The original igneous
texture is mostiy gone, but the saussuritized plagioclase locally is
still somewhat tabular in outline. A specimen from a mafic diorite
dike consisted of actinolitic hornblende (30 percent), epidote, clino-
zoisite, albite, and perhaps a few small residual grains of augite.
Albite grains, some of which are twinned, are fractured and serrated
around the boundaries; very fine granoblastic aldbite occurs in the inter-

-8tices between larger grains, Actinolitic hornblende is in porphyro-

blasts and disseminated fine needles. The epldote mineralg are granodblagti
Q.
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Although diorite is probably the dominant rock type in the mass
in the west-central part of the Humboldt region, dlabase and gabbro
. also were recognized., Mapping dy Krieger and Eckstein to the north~
iest.has shown that these rocks form a large, complex mass of mafic in-
trusive rocks., Planar structures in the rock are not pronounced. In
outcrop the diorite is a medium-grained rock composed of irregular
blebs of saussuritized plagloclase as much as 2 mm, in dlameter,
mafic constifuents, and epidote minerals. In section plagioclase,
clinozoisite, actinolitic hornblende, and small amounts of chlorite,
gsericite, and quartz were recognized., Pyrite and apatite are minor
accessories. The plagioclase is locally saussuritized to epidote
minerals, chlorite, and sericite, In some crystals alteration is not
§ronounced, and the plagioclase is andesine (near Ab5o). In other
places plagloclase is granoblastic and apparently much more albitic,
The actinolitic hornblende, &s much as 3 mm, in diameter, is porphyro-
blastic, enclosing other minerals., Some actinolitic hornblende has
rims of nonfibrous brown hornblende. Clinozoisite is in small grano-‘
blastic grains and aggregates.

The diorite porphyry in the meta-andesite breccia unit of the
Texas Gulch formation consists of rellct saussuritized plagloclase
phenocrysts and irregular blebs of mafic minerals in a fine-grained,
light green, granular groundmass,

The gabbro in the east-central part of the Humboldt reglon be-

tween the granodiorite and granite appears uniform in texture and
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composition in the small part of the mass mapped. The gabbro 1is medium-
to coarse-grained and locally has a gabbrolc texture. In outcrop it
consists of subhedral plagloclase and irregular-shaped areas of mafio
minerals, probably hornblende and residual auglite.

The intrusive rocks in the central vart of the Iron King meta~
andesite are chiefly gabbro; however, some ultrabasic types may dbe
present, for in p}aces no feldspar was recognized, These intrusive
masses are foliated, owing to the presence of oriented fidbrous actinolitic
hornblende, but not especially cleavable, In outcrop the gabbro is medium-
to coarse-grained and contains fibrous hornblende and granular, saus-
suritized plagioclase. The gabbro is reconstituted completely. In
section actinolitic hornblende, epidote, clinozoisite, and albite are
the major constitu;nts. Actinolitic hornblende, commonly the dominant
mineral, occurs both in fibrous porphyroblastic grains with ragged termina-
tions as much as 4 mm, in diameter, and in slender curved vispQ and
needles, Granoblastic epldote and clinozoisite are abundant as fine
grains and aggregates. Some granoblastic albite occurs, dut it is
subordinate to the actinolitic hornblende.

Diabase, wldespread in the reglon, as indicated in the above tabdle
(sce P. 65), occurs chiefly in small, irregular-shaped masses and dikes.
The writer has used relict diabasic texture to distinguish dilabase from
other fine-grained, mafic intrusive facks. The relationship of diabase
to the associsted mafic rocks is commonly obscure, No sharp contacts

between disbase and gadbbro were recognized in the mafic masses in the



central part of the Iron King meta-andesite or the diorite-gabbro
along the west-central margin of the Humboldt region. Diabase dikes
that appear to be offshoots from the composite dike bounding;the‘éast
side of the Chaparral Gulch metavolcanics cut the Spud Mountain meta-
breccia.

The mafic intrusive rocks described in this section of the report
are clearly intruéive into the Yavapal series. Ho;ever, their age in
relation to the granite and granodiorite comprising the Bradshaw granite,
discussed in the section on granite and alaskite, is not known with
assurance, In the west-central part of the Humboldt region pegmztitic
dikes, originating from the granite, cut the diorite and gabdro, bdut
this con#titutes the only clear-cut age relation between these two rock
types known to the writer. There are reasons, discussed under struc-
ture, for believing these diorites and gabbros may be older than others
exposed in the region. The additional mapping belng done in the
Prescott quadrangle by Krieger and Eckstein probably will establish

age relations in this general area,
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METARHYOLITE ()
The metarhyolite occurs in the Texas Gulch formation, within

the meta-andesite dreccia and between the metabreccla and coarse-
grained intrusives. It has a very irregular outcrop pattern that
in meny places crosscuts the regional strike of the metz-andesite
breccia.

The metarhyolite has & poor cleavage which cannot be related to
the orientation of minerzls, The rock is light-colored, either cream-
colored or white., Megasconically it 1s composed of a felsitic ground-
mass with sparse relict quartz and feldspar phenocrysts. Secondary
pyrite in veinlets and dissemlnated crystals are commonly scattered
throughout the extent of the unlt, and where p&rite is abundant, the
metarhyolite is streaked with iroan oxide. In thin-section the meta-
rhyolite consists of relict phenocrysts of quartz and euhedral albite
in a microcrystalline groundmass. A little chlorite in irregular
nasses also is present. One quartz grain has the smooth indentations
characteristic of partly resorbed quartz seen in some rhyolitic rocks.
‘The albite crystals have remarkably good crystal forms in both complete
crystals and in parts of crystals, Several crystals with perfectly
develoned crystal outlines have bores of groundmzass material, and in
others the crystal faces are developed on three sides, ag seen in
sectional view, The groundmass consists of a microcrystalline aggre-
gate, Under high magnification individual grains have highly serrated
outlines; they extinguish in an undulatory fgshﬁbnthat is reniniscent

of devitrified glass.



Sericite is liberally sprinkled throughout the rock. It ap-
pezrs to replace chlorite, penetrztes quartz grzins, end rims the
albite crystals, all habits that stggest a secondary origin,

The metarhyolite is a very puzzling rock., Where first mapped
the field relationships suggested that it was intrusive, but the
videsrread indications of alteration suggested that it might be a
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