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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.

-



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.
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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.
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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.
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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.
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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,

-5



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.
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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
product of hydrothermal alteration of the meta-andesite breccia,
Morosconie study, however, gives no indication of & genetic re-

lationship to the meta-andesite breccia. The textures appear com-

patidle with an intrusive origin,
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QUARTZ PCRPHYFY

Quartz porchyry crops out in a smsll dike-like body adbout 700
feet wide in the central part of the Iron King meta-andesite and
in a larger mass ietueen the granite z2nd the meta-szndesite dbreccia
unit of the Texas Gulch formation. Severzl small bodies of the
quartz porphyry occur in the meta-andesite breccia to the west of
the main mass, |

The quartz porphyry in the Iron King meta-andesite is well
foliated, and the western margin and outlying bodies of the eastern
occurrence of quartz porphyry are more or less foliated, whereas
the interior part is more massive,

The quartz porphyry 1is composed of as much as 30 percent of
rounded relict phenocrysts of quartz and lesser smounts of albite
in an aphanitic groundmass. Where well sheared, the groundmass
contains megascopic sericite, In thin-sections of well-sheared
specimens, the quartz phenocrysts are seen to be fractured and strained;
some anpear to have been sheared out and recrystallized lnto len-
ticular aggregates of granoblastic quartz., The crystals of albite,
where not modified by cataclgsis, are euhedral, and commonly show
closely spaced polysynthetic twinning., The groundmass is composed
of granoblastic quartz and azlbite, and of abundent sericite that
occurs as disseninated, oriented flakes and as "ribbons® that wind
through the rock. Potash feldspar was not recognized in the sheared
facies of the quartz porphyry; vpresumably it was all transformed

into sericite,
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Locally at least, the rocks along the western margin of the
eastern mass are believed to be aldbitized, as indicated dy a grezat
variety of symplectic textures bdetween gquartz and albite, This
feature 18 described elsewhere. The quartz porphyry in the south-
easternmost exposures apparently has been contaminated, for locally
it contains up to 30 percent by estimate of mafic minerals, which
appear to include hormblende, blotite, and chlorite,

The quartz porphyry invades the Iron King meta-andesite and the
meta-andesite breccia unit of the Texas Gulch formation, but itself
is cut by diorite. It 1s probably older than the granite, as the
quartz porrhyry is sheared appreclably near the granite, and the
granite is not. Altﬁough the granite and the quartz vporphyry have

a "frozen" contact, neither cutting of one by the other nor contact

chilling was seen,



Cenozolc rocla

MIZCUS MOULTTALLD 3A3°AT

The Hingus Mountaln dasslt, here armed frem the excellent exposures
of this rock on lingus Mountzin in the Nlugus Meuntes in quirengle,
consiets of basalt and subordin-te basaltic sediments, Mingus llountzin
basalt occurs in a large pateh in the ceatral part O;i' the Jumboldt
region, &nd in several small natches on the downthrown side of the
normal fault that bounds the east side of lonesome Valley. Cane small
petch ecsps a hill, Just east of the Ajua Fria River, southeast of
Rumboldt. Large areas in the Dradshav cusndrangle and much of the
sumnit area in the Bleck Hills toverd the znorithenst are covared by
basalt, All the patches are remmants of a basalt dlanket thet was
widespread over thls part of Arizons,

The basalt is a dense, black to dark-gray, vesiculer flow rock
with interbedded flow breccia. Basaltic sediments occur only in the
large exposure south of Humboldt, They are well-bedded baszltie ssnds
and gravels that probably filled irreguler denressions on the surface
.éurirgz the period when vulcanisn wzs aetive, Such sediments are
common in the bazsalts that cap iingus iounteain in the Bleck Eills,
tventy miles to the northenst., The bas:ltlc sedinments nenr Tuholdt
cron ocut z2long the north wzll of tha strean canyon that bisecta the
exnosure of basalt, Southwerd they pinch ocut and the bazalt rests on

uncongolidated gravels,



The basalt is porphyritic, with phenocrysts of olivineand augite
in 2 hypohyaline groundmass containing microscopile pla,gioclo.ﬂ,lath%. ‘

Though the age of the basalt is uncertzin, it antedatec the fault-
ing along the east side of Lonesome Valley, and hence the preent
topography of the district. Mr, Kendall of the Ground WaterBranch
of the U, S, Geological Survey found vertebrate remains in the gravels
nezr Prescott, Arizona. As the gravels are interbedded withdasalt
flows, it is quite possible that these lavas and gravels are 2ssen-
tially contemporanecus with those at Humboldt, which are abewt 12 miles
from the Prescott 6ecurrence. Dr, €. L, Gazin of the Katiomwl Museunm,
Washington, D. C., tentatively dated the vertebrate remains'xs Pliocene
or Pleistocena, the assemblage not being dlagnostic of any sweller
time interval., Hence, a questionable age of Plioceneo or PRistocene
iz the best that can be assigned to the Mingus Mountain basalt 2t

this time.



ALLUVIUM

Alluvium of Lonesore Valley iz widesprezd in the cenirzl pzit
of the Humboldt region. Small erosignal rcermcnts of gravels occur
in the southwest part of the region, well cbcve Lonesome Valley,

-~ At ieast three different gravels ire represented under the head-
ing allnvium, The youngest gravels form the river wash along the Agua
Yria River and tributary streecs. The gravels of internediate sge
constitute the £ill of Loresome Valley; this £111 1s now being dis-
sected as the Agua Fria deepens iisz canyoa in the pre;-Cambria,-z hede
rock downstresm. The oldest gravels sre interbedded with the Hingus
Mountain basalt.

The oldest gravels, exposesd beneath the basalt south of Humboldt,
are unconsolidated and unsoried boulders, gravels, and sands. Cen-
erally the -ebbles and boulders are rounded to subrounded. RBaszltic
types predoninate, but pre-~Cazbdriaa and Paleozoie¢ rock types also are
well represented.

The gravels of intermediate z3e, best exposed in the walls of
the Agua Fria River in Lonesoze Valley, are crudely bedded. Beds
conposed of gravel and boulders elternite with thicker units contain-
ing sand-, silt-. and clay-size particles. The gravel and boulder
beds in part mey represent streamchannels, for in Lonesome Valley
certsin wells, which draw much water from a gravel bed far abovs
bYedrock, are arraznged in & lire, Giant cottonwood trees wers the

guide to this water channel. The gravels and boulders in the fill
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of Lonesome Valley comprise basalt and Paleozoic and pre-Cambrian
rock types. The ratio of basalt to other rock tyves is lower in the
gravels of intermediate age than in the gravels interdbedded with the
basalt,

The Recent river wash is the material being carried down and de-
posited by the ephemeral streams draining the district, In general
it is heterogenous but consists chiefly of pre-Cambrian rocks, Sand-
sized and larger fragments are all that are deposited; the flner
material is carried away.

The age of the alluvium varies from Pliocene (?) or Pleistocene
(?) to Recent, The alluvial fill of Lonesome Valley is probably chief-
1y of Pleistocene age. Lonesome Valley certainly received sediments
as the result of movement along the faumlt on the eastern side of the
valley. As this fault offsets the basalt, valley fill must have
accumulated in post-basalt time, probably including at least part
of the Pleistocene epoch. The remnants of gravels perched on the
lover slopes of the hills adjacent to Lonesome Valley and the terrzces
" in the valley show that erosion has been active for a considerable

time, prodably since some time in the Pleistocene,



STRUCTURE

General features

Phe structure of the Humboldt region is complicated, so much
so that the evidence for some of the structural elemerts is not found
within the smzll area mepped, snd for others only a tentative explana-
tion can be offered,

All the pre-Cambrizn rocks are foliated, excepi the interior
parts of the larger intrusive bodies, Tae foliation has two major
trends, (1) north to N. 20° ¥. and (2) ¥, 20°-45° B, The north-
to northwest-trending foliation is dominant in the Indian Hills
metavolcanics and in the Spud Mountain metabreccia, and the north—
ezst-trending foliation is dominant in the Iron King meta-andesite,
Chaparral Gulch metavolcanics, and Texas Gulch formation. To a
lesser extent the northeast-irending foliation also occurs in the
Spud Mouniain metabreccia, and is superimposed--locally ia individual
outcrops——on the north-trending follation, ZXither the deformation
contriduting to the northeast-treading follatisn occurred in two
periods, sepérated, loczlly at least, by intrusion of igneous rock,
or izneous rocks vere intruded during the period when the deformation
droducing this foliation was active., The northeast-trending foliation
xay be yoanger than the folds in the Texas Culch formation,

The relztion of igneous intruslon to deformztion is not everyvhere
¢lecr, vertly because the relative ages of come of the rock mzsses

have not been determined satisfzctorily, Igneous intrusion =and
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defornation may have been essentially contemporaneous, and hence, al-
thoush the strike of follzation in two sepzrate igneous masses mey
vary in trend, the time gap may have been short, and both igneous
masses products of a single intrusive period. The diorite-gabbro
complex west cf the Indian Hills metavolcanics may be older than
other mafic bodies, as the former is cut by the north-trending planar
structures, and the others, in part, were emplaced along northeast-
$rending structures, The quartz diorite in the western part of

the reglon appears to be younger than the north-trending foliation,
and the granodiorite, granite, and gabbro in the eastern part of

the Humboldt region have no obvious time relationship to either
structural trend.

Faults undoudbtedly are far more sbundant then one would Judge
from a casual inspection of plate 1. The difficulty in recognizing
faults is partly due to the lack of marker beds in the Iron King meta-
andesite, Spud Hountain metabreccia, and Indian Hills metavolcanics,
and partly to the difficulty of distinguishing fanlts fronm foliation,
Considerable movegent could have occurred along z relatively narrow
zone in the foliation and never be recogaized, as deformation wzs
sufficiently strong to give all units and structural elements a gen-
eral tendency toward parallelism. The relations of the folds to
One another in the Texzs Gulch,formétion strongly suggest consider-
able transport parallel to the planar structure. The Lonesome Valley

fault is the only one exposed in the Humboldt region that is known
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to have post-Cumbrian movement. It moved the gravels of Lonesome
Velley agcinst ore-~Carmbrian rocics in Pleistocene () tine, but by
anslogy with the Verde fault, which bounds nart of the Tlzclz Hills
on the east, the Lonesoms Valley fault may have moved in pre-0Oambrian
time =zlso. A pre-Cawdbrizn znd o Toertiary period of movement for the
Yerdas feult was established by detzileld g2ologlc mapuing in the
vicinity of the Uaited Verds mine at Jerome (Rebsr, 1933, o. 51).
Polds large enough o dupnlicals formsmbions were not nrovad,
The outcrop vattern of the nurple slate snd the metlarhyolites tuff
unlits in the Texas Gulcn formatlon suggests $ight folds of small
megnitude and the mapving of beds has proved folds in thres differ~
ent places. Lenticularity of the metarhyolite tuff, howsver, may
in sous places explain the ocutcrop pattern., If lentienlarity exisis,
there ia no assurance whether it results from deformation or from
original deposition. Many folds similar in sczle to those imown and
helieved to exist in the Texas Gulch formation could bde masked by
the uniform lithology in the Iron Xing meta-andzssite and the Spud
Mountain metabreccia., One nearly Isoclinal anticline was recognized

in the Chaparral Gulch metavolcanies.
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Pre-Cambrian structure

As in most regions of strocg dypanic deformetion, the Humboldt
reglon shows a rough parellelism ¢ all structural eclements, With
increzsing intensity of deformaiion, the perellelism increcses,
until under extrexe daformation the crests and trouzhs of folds are
the only discordant elements; axial plenes of folds, fold limbs, and
£0liz%4ion 221 aré parallel; and locally the linear structures have
a common rake, Although the Humboldt region his nod reached the ex~
trens condition, it shows = tendency toward parallelism of the strue-
tural elements within a given structurél block. The structural nattern
18 comlicated in the Shud Mountain melabreccla dy the superposition
of one structural trend upon another,

Bedding and foliation are commonly but not always parallel.

In general bedding dips at a high angle and ranges in strike from
north to northeast, The local vzriations are illustrated on plate 1,
Bedding exerts control on the foliztion chiefly as a plane of weak~
Ress along which slinping is mere apt to occur, if the tendency is

o dreak in thet general direction, Fkkernkamp (1939, vp. 719-742)
Yas shown in a series of controlled experiments in a pressure box
*hat an eczrlier planar structure tends to control later planar struc—
ture that, in a homogenecous mass, would form in a different direc-
Yoa. In the Bumbolat region there are mumerous exzmples of folia-

tom paraliel to bedding and of foliation discordent to bedding.

-81-



The north-trending foliation is one of the oldest structural
elements recognized in the Humboldt region. It is the dominant
structure in the Indian Hills metavolcanics snd in the diorite-~
gabbro complex and granite lying toward the west., Both the north-
trending and later northeast-trending follation are found in the
Spud Mountain metabreccia, locally in the szme outerop. The meta-
breccia also exhibits snomalous northwest-striking foliation near
Spud Mountain, No counterpart for such & northwest-trending structure
wés observed elsewhere in the region, and its significance is unknown,
The foliation in the Indian Hills metavolcanics,near the diorite
dike bounding the Chaparral Gulch metavolcanics on the west, has
a8 northeast strike. The change in strike suggests drag along the pre-
Camdrian fault along which the diorite dlke later penetrated, How~
ever, the change in strike may indicate a new foliation formed paral-
lel to the fault, In either case, it demonstrates the younger age
of the northeast structural trend in the Chaparral Gulch metavolcanics.
In the Spud Mountain metabreccla the north-trending planar structure
i1s dominent, whereas the northeast structural trend is prominent
loceally.

Northeast structural elements, which include follation, Joints,
and faults, dominate in the Iron King meta-andesite and Chaparral
Culch metavolcanics, and are present in the Texas Gulch formation
and Spud Mountain metabrecéia. Foliation strikes generally N, 20°-

30° B., except in the Chaparral Gulch metavolcanics where 1t 1s about
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H. 45° E,; dips range from 70° ¥., through vertical, to 70° E,
Vest dips are fzr more abundant. In the southern part of the Texas
Gulch formation the follation swings toward the northwest, bdbut the
lithologic units and the contact of the granodiorite (including the
granite) on the west show the same change in sirike, The czuse of
the change in strike is not clear, but perhaps it is related in some
way to the configuration of the more massive granodiorite, In the
Spud Mountain metabreccia the northeast planar structures are repre-
sented by fractures and local zones of folfation. The northeast-
trending fractures are not abundant, but are well exposed in several
places near the eastern contact in the southerly parts of the map.
Hovement on the fractureplanes could not be established, Zones of
northeast foliation are most common in the eastern part of the
metabreccia and are represented by small zones of shear, Where
well expoged they consist of zones of various widths of foliated
rock that cleaves easily along the northeast folliation, These
zones are separated by more massive metabreccia, which cleaves with
difficulty along the north-~trending foliation,

Iineation, manifest by mineral streaks in the foliatiom plane,
vlunges north in the Iron King meta-andesite and in the northern
part of the Texas Gulch formation, but in the more southerly exposures
of the Texas Gulch formation it plunges scuth, Lineation was not
apparent in the Chaparral Gulch metavolcanics, but the anticline

plunges north, at least in its southern part.
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Pentatively the structural coordinates for the northeast struc-
tural elements can be defined for the area in which the lineation
plunges northwards, Although there is considerzble doubt whether
the lineation marks the "a® or ®b® direction, the north-plunging
fold irn the Chaparral Gulch metavolcenics suggests it is the "b"
direction., The foliation plane defines the "z-b"® plane and *b*
plﬁnges north 2% angles'of 60°% to 80°. The "c" direction is per~
pendicular to the plane of foliation.

Yo folds large enough to duplicate formetions were proven in
the Humboldt region, but three smell folds are knmown in the Texas
Gulch formation, and the ocutcrop patterns of the purple slate 2nd
the metarhyollte tuff strongly suggest others, A larger fold appears
probable in the area cut by section C - C', plate 1, where both a
metarhyolite and a purple slate unit bend around as if involved in
the sazme fold. It is uncertain whether certain discontimious outcrops
are due to folds or to primary lenticulerity, & comron feature in
volcanic sedimentary rocks, #s bedding within some litholozgic units
" has been oblifterated almost entlirely, the czuse of an outcrop termina-
tion in them cannot be proved. XNevertheless plunging folds seem best
to account for the map pattern of the largest units that stop abrupt-
1y. Two folds, both established by mapping metaconglomerate beds,
lie in jJuxtaposition. The metacongldmerate bed could not be traced
from one fold to the other, Fnrtﬁermore both folds appesr to dbe

in the same sense, that is, both synclines or anticlines, jJudging
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by fheir direction of plunge and thelr relzations to adjacent beds,
Thus it seems provzble that an intervening fold has been sheared

or squeezed cut, Close examination of the zone between the two folds
did not reveal a fzult, only a strong folintion, If folding dominates
the outcrop pattern, then much movement zlong the well developed
planar structures, such as this, 1is necessary to explain the relation
of these folds, =nd some folds must plunge north and othsrs south,

If, howvever, the outcrop pettern is due to primary lenticularity,

it may give no clue to the amount of transport along the planar
structures,

The age relations of the folds and folistion in the Texas Gulch
formation were not esteblished with certainty; however, the writer
believes that the folds may be the older. The rezional strike of
the lithologic units a2nd of the fold axes, where known and inferred,
are north; vhereas the follation, except near the grznitic textured

o
2, The snall srea of

intrusive rocks, is dominantly H. 10°-15
Texas Gulch formation in ths Humboldd rezion does not vprove that the
northeast foliation is domirnant, However, 1f the rezsional exposures
of the Texas Gulch formatioa for about 15 miles to the north are
considered, the small angular discordance between the general trend
of the foliation and that of the lithologic units becomes much more

impressive, Thus it appears possidble that the northeast foliation

was superimposed on the north-trending folds.
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The anticline in the Chaparral Gulck metavolcanics contains a
metarhyolite tuff bed which is much thinrer on the southeast liimb
than on the northwest limb: this thinning is believed to hsve resulted
from shear, as foliaticn is very pronounced throughout the formetion,
The rocks in the crest of the fold are either much attemusted or,
more probably, the plunge of the fold becomes nearly horizontel,
for the metarhyolite tuff continues northward as a bznd froa the
point where both limbs of meterhyolite tuff nmeet in the crest of the
fold, This fold appezrs to be related to the deformation producing
the associated planar structures.

Though folds large enough to duplicate form=tions can not dbe
proved, at lezst one is possibly present. The lithologic sinilarity
of the metarhyolite tuff and conglomerate unit in the Iron King meta-
an&esite and of the metarhyolite tuff unit in the Texas Gulch forma-
tion is striking. Rocks are megascopically identical and the szme
rock types are represented in the conglomerzte beds of both units,

If the two units ére in reality the sarne, the western meta-andesite
tuff unit of the Iron King meta-andesite might be correlated with the
wvestern meta-andesite tuffs of the meta-andesite breccia unit in
southerly exposures of the Texas Gulch formation. The Snud lountain
metabreccia would then be correlated with the eastern part of the neta-
andesite brecéia unit in the Texas énlch formation. However, the two
breccias are only similar in that both are comnosed predoninantly of

meta-aidesite fragments with subordinzte metarhyolite fragments.
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The meta-andesite frazmeats in tke Spud lountain metzlreccia aré
porphyritic whereas those in the Texus Gulch forwmation are norpor-
phyritic or are very inconspicuously porphyritic,

From kere on 1t becomes difficuli to malch rock uni{s on the
two limbs of the hypothetical major fold. Several possibilities
exist, 2ll involving faults, for similar lithologic units are no
longer symmetrically arranged on either side of a hyvothetical fold
l exfe. Presumsbly the fold azis would Ve somewhere in the central
pert of the Iron Kirg meta-andesite, which contalns hornblende-bearing
minerzl assemblages and irtrusive rocks.

There are severzl strong arguments against the existence of
such a fold., Fo lithologic units have been traced from one limd
of the hypothetical fold to the cther, end the only good lithologic
zatch on both limbs is the mefarhyolite tuff end conglomerazte unit
of the Iror King mets-zndesite with the metarbyolite tuff unii of
the Texas Gulch formation, Furthermore, 21l lineation in the Hum-
boldt rezion zrd in the area to the north plunges steeply. This
indicates that any folds would likewise plunge steeply. Therefcre,
{f there has been no major faulting, beds should be trazceable from
one limb of ths fold to the other. The similarity of the lithology
of the two metarhyolitlc units counld have resulted from a repetition
of similar conditions of deposition and of material deposited., With
the present informatioa, the fold exlsts only as a possibility and the
map of the Humboldt region is drawn on the basis that a major fold

does not exist,
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In large vart the symbols for minor folds in the Texas Gulch
formation indicate small wrinkles in the foliation. They are more
common along the Lonesome Valley feult than in a2ny other area of
equal size and nrobebly resulted from movement zlong the fault,

Others are too few a2nd scattered to be interpreted,

In part, the intrusive bistory of ﬁhe igreous rocks can be re-
lated to the stzges of deformatlon represented by the foliation,

The gebbro-dioritz complex west of the metavolcanics of the Indian
Bills is older than the north-trending foliation, whereas the mafic
intrusive bodies in the centrzl part of the Iron Xing meta-andesite
apoear to be essentially contemporancous with the deformation producing
the northeast structures, as they are controlled and cut by the north-
east structures, Likewise the diorite a2nd quartz diorite dikes and
small irregular masses that bound Qhe Chaparrel Gulch metavolcanics
are both controlled and cut by northeast structures., The granodiorite,
granite, and gabbro in the eastern part of the Ehmboidt region have

no obvious relationships to either the north- or northeast-trending
structural elements., The structural features associczted with the
different igneous masses indicate that there are two generations of
gabbro-diorite intrusives and that the quartz dicrite wee prodably
emlaced during development of the northeast structurzl elements.

Fanlts with movement in pre—Caﬁbrian time are difficult to
prove in the Humboldt region, possibly because with strong regional

deformation the distinction between a fault and ploner structures
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representing immortant lsteral transport tends to diszppear., The
plenar structures become "distributive feults,® Two faults zre in-
dicated strongly but not proved by the dikes and irregular shaped
intrusive masses that bound the Chaparral Gulch metavoleanics, Per-
hzps they only sppear more like faults beccuse they are planes nmerk-
ing structural discontinuities. The actual amount of movement on
them nmay ﬁot have been any greater then on some zone within the
Chaparral Gulch metavolcanics,

The faults or fractures locslizing the Iron King ore deposit

are postfoliation, as the foliation is intensely deformed next to
-

e

them, ané they are assumed o be pre-Cambrian because:%he'ffahAKing
ore deposit is snalogous in many aspects to the vre~Cambrian massive
sulfide deposit in the United Verde mine at Jerone, Arizona. Although
there is no positive evidence for the postfoliation age ogugie shezr
gone localizing the Kit Carson and Silver Belt-McCabe veins, it is
assuned to be the same 2ge as the fracture system of the Iron King

nine,
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Pzleozoic, Fesozoie znd Geonozeolc structure

The structurzl history since nre-Csmbriea has been relabively
sirple, Although no lithologic units, vhich vould indiceste Peleozoic
end Mesozoic deformabtion, cccur in the Fuumboldt region, a section of
Pzleozoic rocks ranging from Cambrizn to Permian occurs in the Nlack
Eills, which bound the Humboldt rezion on the northeast, These
Paleozolc rocks represent the most southerly extension of the Platean
rezion, which farther northward contains rociks of Mesozoic age also.
Presum=bly the Humboldt region was covered at one time by the same
Pzleozoic section as is exposed in the Black Eills, Thus it would
appezr that the Paleozolic and Mesozoic history of the Fumboldt region
1s essentially analogous to that of the southern Plateau region,
which amounts to little more than simnle uplift and subsidence at
various times during these two eras, The Paleozoic rocks in the
Black §111ls have a homoclinal dip to the north of perhaps 5°, It
is beyond the scove of this paper to review fully the Paleozoic and
Mesozoic structural history of this region, dut it does appear worth-
while to point out the ebsence of stroansg deformation during these eras,

Jnaternary deformation in the Humboldt region occurred along the
Lonesome Valley fzult, which has moved bzsalt and the slluvium of
Lonesome Valley agalnst the pre-Cambrian rocks. The Lonesoms Valley
fault is s high-angle normal faulf, dipping at about 75% or 800 west-
wvard, Although the dasalt might be expected to furnish a2 datum

plane by which the general stratigraphic displacément of the Lonesome



Valley fzult could be determined, the altitude of the basalt on the
footwall side of the fzult at the time of faulting is not kmown,

nor is it feasible to estimute its general position by extranolation
from other areas, as the basalt flowed out on an irregular erosional
surface. In the 3lack Eills nearly horizontel basalt rests on gently
tilted Paleozoic rocks ard on ore-Cambrizn rocks; extensive areas
east and southeast of the Humdoldt region are covered dy basalt and
related rocks vhich rest on an irregular sur:’t‘a.ce carved from pre-
Cambrisn rocks. The difference In elevation between these two occur-
rences of basalt is roughly 2000 feet in about 12 miles, which may

represent in a general wey the relief in the district when the dasalt

was extruded,
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EYDROTHARMAL ALTZRATICH, NOT ASSCCIATED WITH THE IROYW KING

ORI DIPOSIT

Bydrothernal a2lterztion in zones not associzted with the Iren
King ore denosit hes not besn studied in any detsil, Alteration
that has at lezst bleached the rocks has occurred along the Kit
Carson and McCabe-Silver Belt veins. The elterztion 1s generally
restricted to the sheared zones that comprise the veins, Bleaching
also is common along the Lonesome Valley fesult,

A wide alteration zons, charactefized by quartz veins, magnetite,
and pyrite, occurs within the eastern meta-andesite tuff unit of the
Iron King meta-andesite {pl. 1). The zone appears to be metarhyolitic
in composition, but it is not kmown whether thg zone represents an
altered rhyolite tuff or whether the avparent metarhyolitic commosi-
tion is due to hydrothermal alteration. The rocks of this zone are
predominantly light-colored on fresh fra;ture but reddish to black
on weathered surfaces owing to stain by iron oxides and possidble
manganese oxide. Sericite is épparently a major constituent of thLe
rock in contrast to the more chloritic rocks on either side. As
quartz-sericite-pyrite is a common assemblage in hydrothermally
altered rocks, the presence of more than averzge sericite in rocks
in this vicirity suggests some secondary sericite. Quartz is abundant
in veins ranging up to several feet in width. The veins in some

places lie parallel to foliation, but in other places they transgress
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1t, =nd mony contoin casts after pyrite and *borwork® that susgest v
the former »ressnce of chalconyrite, Crsts aftor nyrite are cozrion
in the rock 1tzelf, The lizht color of the rock misht e due in
part to bleschinz by sulfurle ccid derlved from oxidntion of pyrite.
Kuach of the iron stzin undoubtedly is due to iron oxide derived fron
pyrite.

The metarhyolite ne~r the gronite and gronodlorite on the constern
margin of the region shbows wesck nyritization, and the metr-andesite
breccia, quartz pornhyry, end metarhyollts show textures that suzcest
albitization., Kot enough specimens were collectad to deteraine the
extent of the surgested albitization, but the textures were recosnized
in specimens taken from locrlities separzted by severcl miles, The
metorhyolite, weskly nyritlzed over Iis entire extent, contains scat-
tored euhedral pyrite crystsls, which form iron-sisined casts on
vezthered surfaces, Some secondary sericite ;lso ray be present, 28
gericite flokes penetrate quartz gr-ina and rim idloblastic aldvite
crystals, The albitizztion is irndiested in the cquartz porphyry and
the neta~andesite dreccla by pseudonmicrogrzshic textnures batween
quartz and albite that are very ruch like those deserided by Cilluly
(1933) from an albite gronite necor Soarta, Creson, In the meto~
endesits dreccla and nmetarhyolite it 48 shown by zccretion of aldite
on xenoblastic a2lbite grains, Tha.paeudomicro;raphic toztures con-
sist of warious caounts of quartz znd 2lbite interpenetr:ting each
other 1n irregalar blebs and rods, In places tho aldblite develons

intricate branching forns, rozettes, and vrrled irresuler nutteras.



Within one quartz-zlbite pseudomicrograpbic grala the albite has the
seme optical orientation, possibly indiceting that in three dimen-
sions the albite blebs, rods, znd branching forms are integrated,
The replacement origin of the textures is suggested by the large
variations in the relative abundance of cuartz and albite from one
albite~quartz grain to another, and commonly the slbite apnexrs to
work out from microsconic fractures or from a centrsl point to form
the rosettes. However, the most convincing evidence for replacement
origin ig that the texture occurs both in a vater—deﬁosited mete~
andesite breccia and in a quariz porphyry that is intrusive into

the metzbreccia, That these symplectic features occur only in rocks
near the intrusive contact of coarse-grained granitic rocks, lends
credence to a2 hydrothermal origin, as a logical source for the al-
bitizinz solutions is at hand, The growth of idloblzstic albite
crystals by accretion of clear albite on granoblastic (?) albite
graing containing flakes of sericite and granules of epidote min-~
erzls is perhaps in itself not conclusive evidence of albitization;
but when considered in combiration with the symplectic quartz-albite

texture, it is suggestive.
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IRON KING ORE DEPOSIT

History snd oroduction

In 1901 Jaggar and Palache (1905) mapped the Bradshaw Mountaing
quadrangle and, although they did not mention the Iron King mine !
in the text of the follo, it is indicated on the geologlic mep by a
symbol. In 1922 Lindgren (1926) studied the ore deposits of the
Jerone and Bradshaw Mbuntaing quadrangles and published some informa-
tion on the history, production, and ore ocdurrence of the Iron King
mine, According to Lindgren (1926, p. 128), the first production
from the Iron King mine was in 1906 and 1907 from oxide ores. In
1907 it amounted to 1,253 ounces of gold, 35,491 ounces of silver,
and 3,933 pounds of copper. Mining activity ceased soon thereafter,
but was renewed during World.War I by George Colovocoresses, who mined
heavy sulfide for his Humboldt smelter, By 1922 several thousand
tons of ore, averaging $8.00 per ton in gold and silver, had been
shipped to the smelter.

The mine remsined inactive from this period until 1938 when it
was purchased at a tax sale by Fred Gibbs, Prescott, Arizona.' In
1937 the Iron King Mining Co. purchased the mine and besan develop~-
ment work on the lead=zinc veins. In 1938 a dulk flotation mill,

140 tons dally capacity, was put into operation and the following
year converted to differential floéation end increased to 225 tons
daily capacity. Subsequently the mill capacity wes increased to sbout

500 tons delly capecity. The Shattuck Denn Mining Corp. purchased

the physical assets of the Iron King Mining Co., in 1942 and has
operated the mine since that time,
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H, F., Mills (1941, 1947), General Manager of the Iron King
mine, has described the history, ore occurrence, and mining; and
H, B. Hendricks (1947) has reported on the milling, The mining -
and milling'practices at the mine have been described further in two
articles in the Mining World (194La, 1944b),

Pable 2.—Production of the Iron King Mine, Yavaepai County, Arizona,
fn terms of metal content, (Based on figzures sunplied by the Iron Kingz Branch,

Shat tuck Derm Mininz Corporation)

Metal mined Gold Silver Lead Zinc Copper
. tons ' _0z, oz, tons tons _tons
1906-1938* 91,929 18,007 359,746 1,17r 3,677 269
1939 70,227 9,911 272,604 936 2,927 175%*
1940 | 65,812 9,239 266,497 9k5 3,610 164+
1941 69,159 9,720 331,746 1,160 3,808 173**
1942 91,213 12,180 43,952 1,910 4,965 228+
1943 75,309 8,672 317,127 1,762 5,570 203
1944 103,231 19,953 330,841 1,979 7,250 294
1945 | 120,211 13,164 438,369 2,705 8,742 267
1946 117,343 13,322 471,326 2,924 8,715 251
~1947 | 122,368 15,297 ~533.6uz 3,097 8,463 206
Tota] 926,802 119,465 3,765,650 18.589 57,727 2,230

*some early production estimated
“approximate, but prohably very close to actual production



The production of the Iron King mine from 1906 to 1947 is given
in table 2, The average grade of all ore mined on the 400 and lower

levels has been $7.00 per ton in gold and silver, 2.17 percent lead, -

and 6.80 percent zinc. In genersl, the dollar value of the goldeas

about twice that of the silver,



Mine water
The Iron King mine has produced consistently about 30 gellons
of water per minute since 1937 or 1938, When new levels are drained
through diamond drill holes, the amount of waler pumped increases
appreciably for a short time, but soon decreases to 30 gallons per
ninute. The mine water 1s slightly alkaline, Additional water for the
mill is obtained from company-owned wells near Humboldt and pumped to

the mine,



General features

The Iron King ore devosit consists of 12 massive sulfide veins
arranged en.echeion on the footwall of a hydrothermally altered
zone which ranges from about 100 to 250 feet in width. Perhaps the
most obvious feature of the Iron King ore deposit is its location
in a zone of shearing. If other structural controls for the deposit
exist, they were not recognized. The hydrothermal alteration occupies
a zone of general shearing and the veins occupy restricted zones of.
more intense sheéaring along the footwall.

Quartz, ankerite, nyrite, and probably sericite, are the intro-
duced minerals in the alteration zone, and quartz, ankerite, and
pyrite are the recognized gangne minerals in the Iron King veins,
During a period of intramlnerzl deformation the early minerzls were
fractured and sheared., These structures were the ones that localized
the ore minerals in the veins, Sphalerite, galena, temnantite, ar-
senopyrite, and chalcopyrite clearly dbelong to the ore-forminé period
of mineralization. A little quartz, pyrite, and ankerite'also were
deposited late, but it is not known whether they were introdnceéi
or were shifted from some other place in the depnosit. A second
period of hydrothermal sericite accompénied the ore-forming period
of mineralization., This alteration concentrated chiefly around the
north ends of the veins. |

The veins have been cut by postmineral reverse faults. The
maximum vertical displacement known on any of these faults is sbout

100 feet.



Hydrothermal alteration related to the Iron King ore deposit

The alterztion zone sssociated with the Iron King ore deposit
and those lying nearby are illustrated on plate 2, Three zones of'.
alteration were recognized, one directly in contact with the deposit
and two otherst lying one on either side of the deposit. The central
zone or hanging-wall alteration zone (so called because of its rela~
tion to the ore deposit) is the largest; it ranges from about 100
to 250 feet in width on the surface and extend; for over L4000 feet
along the strike, It was studied in most detail, as it is better
exposed becaunse of penetration at various levels by the underground
openings of the mine,

Threc subdivisions, whose contacts are more or less arbitrarily
placed, were mapped in the study of the surface exposures of the
alteration zones, These subdivisions are illustrated on plate 2,
Adjacent to the veins the alteration is most intense, and the rock
contains a greater concentration of quartz, pyrite, and ankerite,
Southward this subdivislon grades into a zone in which quartz,
ankerite, and pyrite are not as abundant but are still common,
particularly in zones alternating with others in which the originsl
character (meta~andesite tuff) of the host rock is apparent. The
third subdivision comprises the south end (not shown on plate 2)
of the central zone and all of the.eastern and western zones,
Sericite appears to be the dominant platy mineral, pyrite is very
rare, and secondary quartz and ankerite are not megasconically

abundant except in local patches.
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It is difficult to separate the early introduced minerals formed
by so-called hydrothermal alteration from those that were deposited
during the ore-forming period of mineralization, as both are products
of one more or less continuous period of mineralization,

Phe designation of the early phase of mineralization as hydro-—
thermal alteration is arbitrary, but useful ss a designation to
distinguish, in the discussion that follows, between the early wide-
spread introduction of minerals and the concentration of the ore-forming
minerals in the Iron King vein system, Quartz, ankerite, pyrite, and
probadbly sericite are the early minerals deposited throughout the
hanging#vall alteration zone and probably were concentrated in the
fracture system which was the predecessor of the ore veins, These
minerals are known to have been deposited early because they were
dbrecciated and sheared intensely before the ore~forming minerals were
introduced. Thus it appears that the ore deposit formed during
deformation, These early minerals continued to be deposited during
the formation of ore, for quartz, pyrite, ankerite, and gericite
appear to have been deposited late as well as early, However, it
is difficult to say whether the late quartz, pyrite, and ankerite
represent the iIntroduction of actual new material or reworking of
early-stage minerals,

All or part of the assemblage.qpartz-pyrite-carbonate—eericite
is common in the alteréd zones of ore depo:its.‘ Schwartz (1947, p. 322)

in a paper summarizing the hydrothermal alteration of porphyry deposits
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gives quartz-sericite-pyrite as a distinct type of alteration in the
copper deposits at Insplration-Miami, Ray, Sacramento Hill (Bisbee),
and Castle Dome (in part) all in Arizona and at Bingham (in part) in
Utah,

The occurrences of the introduced minerals forming the hydro-
thermal alteration zone are somawhat varied. Veinlets and irregular
patches or lenses of quartz, pyrite, and ankerite are abundsnt. The
veinlets, generally lying parallel to the pronounced plsnar structure
but commonly transecting it, consist of all three components, of various
combinations of two, or of only one. Quartz occurs as a general
silicification as well as in veinlets in the altered rocks, In thin-
section the distributed quartz is in microscopio granoblastic-cata~
clastic grains, Because of the intense deformation subsequent to the
introduction of the early hydrothermal minerals, it is impossidle to
distinguish introduced quartz, unless it is in veinlets, from quartsz
originally present in the metamorphic rocks, even though quartz is
perhaps several times as abundant in the hydrothermally altered
rocks, Irregular-shaped quartz gralns commonly contaln inclusions
of apatite which may indicate a secondary origin for this quartsz,

.Apatite is more abundant in the alteration zone than in the adjacent

meta-andesite tuffs; in two sections it composed by estimate between
5 and 10 percent of the rock, .

Pyrite occurs as individual crystals disseminated in the altered

rocks and in veinlets assoclated with other alteration minerals, A
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series of individual pyrite crystalas arranged along a given "s-plane®
is a common feature of the central szlteration zons #s exposed in the
underground openings of the Iron King mine, JAnkerite, probadbly bdbe~
canse of its high solubility, appears to accompany both early and lzte
stages of mineralization and to veln the last stage sulfide minerals,
Sericite has two occurrences, (1) in smell amounts widesnread in the
alteration sone where it is essoclated with quarts, pyrite, and snkerite,
and (2) in local concentrations along the veins and perticularly at
the north ends of the veins, The sericite in the second occurrence

is helieved to be younger than the sericite dlsseminated in the alteru-
tion zone, as the sericite assocleted with the ore veins and occurs

in veinlegs that locally cut the ore-forming sulfide minerals. Howe
ever, distinction between ezrly and late hydrothermal sericite could
not te made in all thin-sections, for in many sections sericite lies
with fts basal section parallel to planar structure whether it formed
before, during, or after the period of deformation that is the basis
for distinguishing the early hydrothermal snd the later ore~forming
period of mineralization, .

It is noteworthy that the hydrothermally altered rocks rich in
sericite but relatively vnoor in pyrite and quartz, such as in the
eastern and westérn alteration zones and the southern extension of
the hanging~wall alteration zone, are more or less perinheral to

the Iron King veins, It is not known whether or not this is significant

or purely fortuitous,
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Zones in which pyrite, quartz, and ankerite are more abundant
alternate with others in which these minerzls are distributed sparse-
1y, and these successions persist to the walls of the velns, where
commonly both pass into serlcitic schist. Chlorite is abundant in
the zones of sparse hydrothermal minerals, but decreases with increase
of the hydrothermal hinerals, Crosscutting microscopic veinlets of

chlorite,seen in & few thin-sections, attest the mobility of chlorite

during the alteration perlod,

For a short distance south of the ore shoots, the Iron King
veins are composed essentially of quartz, pyrite, and ankerite, and
these minerals are the host fgr the ore minerals, Hence it appeers
that during the pre—bre stage well-developed veins were formed in
the Iron King fracture system while the sheared zone to the west was
being sporadically mineralized along planar structures and short dis-
continuous fractures. Deformation during the mineralization period
fractured and granulated these early minerals. a8 cataclastic and
mortar textures were recognized in every specimen examined micro-
’scopically. Comb quartz in the pressure shadows of deformed pyrite
is 2 common product of the lntramineralization deformation,

The outcrops of the alteratlon zones are generally white to
cream~colored and of the central zone are stained by iron oxide that
marks the former presence of pyrite; The white color was attributed
at first to abundant sericite, but as rocks below the water table

are generally green, and thin-gections from surface rocks contain
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abundant colorless chlorite as well as sericite, it is concluded

that the vhite color is due in part to bleaching action of sulfurie
acid formed by oxidation of pyrite. Lasky (1936, p. 64) has described
similar bleaching along many of the veins in the Bayard area, Central
Mining Pistrict, New Kexicé. In the outcrops of the central sone

of hydrothermal alteratlion casts after pyrite are common, and car-
bonate has been largely dissolved by sulfurie acid.

¥Within the pvart of the alteration zones illustrated or plate 2,
small partly altered relicts of meta~andesite tuff are common and
indicate the host rock for fhe ore deposit, Toward the south, owing
to the decreasing amounts aof pyrite, ankerite, and quartz, the rock
adjacent to the veins grades into fipne~grained, closely foliated, lighte
colored rock that appears to be sericitic, '

Thin-sections from outcrops of the hydrothermal alteration sone
contain 2 small amount of a probadly clay mineral, The clay (?)
wmineral has a negative 2E of sbout 35° and a birefringence near 0,010,
The indices of refraction could not be determined from the thin-sections
and not enough was found for deteramination in oil mounts of powdered
rocks. The clay(?) mineral forms irregularly shaped microscepic
mssses composed of fibers or narrow plates commonly oriented at right
angles to the long dimension of the grain and to the foliation in the
rock, The growth of the fibers or‘plates perpendicular to the foliation
1ndic§tes an authigenetic origin later than the last period of deforma-~

tion, The clay(?) mineral was not recognised in rocks from underground



and accordingly is believed to bPe a weathering product. As the mineral
probadbly formed in an acid environment produced dy oxidization of
pyrite, a clay mineral from the kaolinite group would be most likely,
Batemen (1927, p. 583) has described kaolinization due to oxidation
of aulfides in the sericitic alteration zone near massive pyrite de~-
posits of Rio Tinto, Spain,

Sericite is difficult to place in the history of the deposit,
for it is erratically distriduted in the hanging-wall alteration zone,
.and its habdit is not diagnostic of age relative to deformstion,
Underground most concentrations of sericite are closely related to the
veins and especially to the quartz-rich north ends of the veins, al-
though some exceptions occur., Commonly a narrow sericite septum separates
the north-end quartz from the remainder of the veln, and unreplaced
septa of wallrock in the veins are generally serlcitic, Generally,
masses of gsericite schist at the north end of a veln narrow southward
along the vein walls and grade into well-foliated meta-andesite tuff
ninerglized by more or less qnarté, pyrite, and ankerite., Common—
ly the sericitic or partly sericltic selvage of a vein is only a
few inches wide, Some sericite is erratically distributed throughout
the hanging-wall alteration zone, but it is probadbly less abundant
thkan the chlorite and does not form concentrations, such as those
at the north ends of the veins,

Sericite, within the veins, formed late in the mineralogical

sequence of the Iron King deposit. Within the veins, it is in micro-
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scovic veinlets that cut quarts, pyrite, ankerite, and sphalerite.‘
Individual flakes lie in the cleavsge planes In snkerite and in the
pressure shédows of pyrite greins transverse to the planar struc-
tures in the vein filling. The same age 1s suggested for sericite,
immediately adjacent to the velins, which occurs in small slender
needles lying as much as 45° off the folistion direction and for
microscopic veinlets composed of undeformed plates of sericite that
cut rocks in which all other minerals are deformed., As stated elsewhere,
the north ends of the veins are seperzted from the hanging-wall
glteration zone and terminzte in meta-zndesite tuff. EHence, the sericite
gchiat that envelops the north ends of the Ve;ns is commonly inde~
pendent of the quartz-pyrite-ankerite alteration in the hanging-wall
zone; this suggests to the writer a more or less distinct period of
introduction for this sericite., Where this sericitic rock grades .
into chloritic rock in the footwall, the sericite is in veinlets or
stringers perfectly concordant to follation, and resembles the asso-
ciated chlorite in habit, This suggests that sericite is mimetic
after chlorite or a planar structure. Such sericite has the habit
and distribution that are expected if it had bdeen formed earlier and
was later deformed. Thus, although some sericite associated with the
veins formed 1ate.Aand asome of it after the ore minerals, no reliszdble
textural criterion was found for aating the sericite in the hanging-
wall alteration zone; on the bases of distribution and assoclation,

however, some sericite, chiefly that in the hanging-wall alteration
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zone, is believed to have formed with the early quertz, pyriie, and

ankerite,
L}

Phe associstion of large masses of sericite schist with the north
ends of the quartz velns, though not invariadle is too common to de
fortuiﬁous. As some quartz "noses® do not have the sericite schist
envelope, the solutions that deposited the quartz were not responsible
for the gsericite, for then the associatlion would de invariant, The
C vein, well-exposed in the dack of a drift on the 1100 level, perhaps
affords an explanation (fig. 2). Sericite schist can be seen to
"flow" around the guartz "nose®, Join, and extend down the drift and
into the wall as a sericite vein, The sericite 1s clearly limited
to a zone of shear, and the shear appears to de postouartz, A quarts
"nose® in the I vein on the 900 level, vold of the sericitic envelope,
ends in & sharp point in massive meta-andesite tuff, In other placss
vhere sericite is abundant, small sericite veinlets in the quarts
were observed, and the narrow septa of sericite that commonly separate
the quartzs "nose" from the remsinder of the vein have the appesrance |
of veinlets, Hence, the sericite probadbly developed after the guarts
and was controlled by shear zones cutting the meta-andesite tuff near
the quartz "noses®, Deformation of this period also may have permitted
introduction of the ore minerals,

The sericitic zones lying to the east and the west of tha altered
zone associated with the Iron King ore deposit are probably alterstion

3ones rather than original metarhyolite units, as they appear to be
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controlled by sones of more intense deformation rather than bedding,
Phe rock has a much more vromounced planar structure thsa the adjacent
meta-andesite tuffs, probadly decause the more intense shear localized
the alteration. The most-zltered rocks consist chiefly of very fine-
grained sericite, quartz, and carbonate with here and there an albite
grain and small amounts of residual chlorite. These rocks grade into
others that c§ntain abundant chlorite and also sericite, and are inter-
preted as representing intermediate stages of alteration, Some
irregularly shaped masses of residual meta-andesite tuff occur within
the alteration zones, A thin-section of the rock from the western
zone shows a quertz veln that bas deen sheareiinto tvo sugen., ZEXach
shows mortar structure and the twa are comnected by # microscopic
veinlet of mylonitic quartz. However, though no age differences
based on fabric could he estadlished between chlorite and sericite,

an age difference might not be apparent if the sericite was mimetic
after chlorite or foliation, The proximity to the Iren King ore de-
rosit and the similarity of mineralcgy and more pronounced foliation
between the henging-wall alteration zone and those on either side

seem sufficient to relste these bounding alteration zones to the

mnineralization which formed the Iron King deposit,
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Sulfide veins

DISTRIBUTION AND ATTITUDS

The massive sulfide veins in the Iron Xing denosit are sxposed
on a surface area about 2500 feat by 250 feet {(pl. 2). Subsurface
openings on the productive veins extead to a depth of zbout 1140
feet below the collar of Eo. 6 shaft, but the surface givee the most
complete exposure of all the velns in any horizontal section, The
productive veins comprise the group lying along the footwall of the
alteration zone north of the 1250 K, coordinate, plate 2. They sre
essentlally strike veins, as they deviate from both bedding =nd folia~
tion by only a few degrees., The part of the report dealing with the
Iron King ore deposit is concerned chiefly with these veins and the
ore shoots within them.

The ore deposit consists of 12 veins arranged en echelon, The
individual veins strike about ¥. 22° E, and dip 71° E¥., and in plan
view each succeeding vein on the west extends farther to the north
than its next easterly meighbor. In section the veins maintain a
similar en echelon arrangemert., In any particular vertical section
each vein to the west extends to a higher altitnde than i4s eastern
neighbor. All the veins vplunge northward, and the vplunge for inéi-
vidual veins is commonly constant, the angle of plunge from vein to
vein varying between 552 and 60°. The veln width is comronly con-
stant for individual veins over short distances but ranges between

1l and 14 feet for different veins; the lengths are measuradle in
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hundreds of feet, From southeast to northwest the veins ere designated
as follows, X, Y, P, A, B, C, D, E, P, G, H, and I, plates &4, 5, =nd 6.

The en echelon arrangement occurs only with the veins in the
eastern part of the hangirg-wall alteration zone, and it is rigidly
maintained by ﬁhe north ends of the veirs dut not by th: scuthern
terminations,

All workings on the veins above the 600 Xevel were insccessidle
for study, except some service drifts and crosscuts so scattered that
they aided little in interpreting the lower levels., The 600 level
is accessible from 100 feet north of Ko, 6 shaft to 100 feet south of
Yo, 2 shaft, This part was mapped but ie not illustrated in the report.
The 700, 800, 900, 1000, end 11C0 levels, however, were completely
accessible and aré illustrated by plates 4 and 5,

The ponproductive veins are erratically distributed through the
hanging-wall alteration zone, "In general little is known sbout tkhese
veins below the surface, Most of them are shorter than the ore veins
and they are probably just as discontinuous with depth.- The Copper
vein {opened by Copper shaft) is the widest end most continmous, dbut
its contiruity between the north and south segments is uncertain
(pl. 2), Di=mond drilling from underground openings delow the 700
level penetrated vein materiel similar to the Copper vein and in the
same position relative to the cre deposit and the alteration zone,
¥ot enough is known to estimate its coantimity, but most if not all

diamond drill-holes through the zlteration zone encountered copper
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minerals near the hanging wall of the alteration zone. All the non~
productive veins, as well as can he seen from surface exposures, paral—

lel the foliation in the altered wallrocks,
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VEIN STRUCTUERS

The Iron King velns were formed by replacement witiuin en echelon
fractures that controlled the spatial relationships, widths, lengths
and to some extent the internal structures of the veins., Whether
these frzctures or faults were formed simultaneously with the shear
zone represented by the hanging-wall alteration zone, or whether they
were formed somewhat laker is not entirely clear, An age difference
might be interpreted ffom the szmall angular discordance between the .
individual velns ;nd the shear zone, Eowever, the early gangue minerals
in the veins, although more concentrated, are the same as those
sporadically distributed throughout the hanging-wall alteration zone,
indicating that at the time of earliest mineralization bdoth struc—
tures were present. This, of course, does not preclude the possi-
bility of two periods of fracture prior to mineralization. The sig-
nificance of the slight angular discordance between the veins and
the shear zone is most difficult to interpret, especizlly as the rock
affected was strongly anisotropic owing to the folilation. The veins
mark zones of more intense shearing, and hence indicate zones in which
stresses were stronger, Perhaps here the resolved stresses at an
angle to foliation were strong enough to produce breaking across the
foliation, whereas in the hanging-well zone the weaker stress at an
angle to foliation resulted in movement chiefly along the pre-
existing folia, The close spacing of the en echelon fractures

that Eontrol the veins and the relatively wide spacing of similar
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points on the veins, such as the north ends, suggest that the frac-
tures or faults result from a shear couple. The plunge of the lines~
tion in the walls of the veins and the corresponding plunge of the
north ends of the velns indicate that the plunge of the direction

of relative movement was steep, but until the lineation can bhe es—~
tablished as either thé "a¥ or "b* structural coordinate, it cannot de
said whether the principal axis of transport plunged to the south or
to the north, The ore deposit at the Eustis mine, Quebec, demonstrates
a somewhat similar en echelon arrangement of massive sulfide leuses,
Stevenson (1937, p. 348) attributes the localizing structure to the
sction of two opposite and tangential forces, The localization of
massive sulfide bodies in fractured and brecciated zones has been
deacribed by Finlayson (1910, p. 405) for the Huelva deposit, Bio
Tinto district, Spain; by Graton (1909, pp. 92-99) for the pyritie
deposits in Shasta County, California; snd by Capps and Johneon {1915,
P. 92) for the massive sulfide deposit in the Ellamar district, Alaska.
Hanson (1920) studied a mumber of pyritic massive sulfide deposifs

in Canada to determine the relationship of the form and structure of
the ore bodies to the enclosing rock, After considering the Mandy
mine, Manitoba; Northpines mine, Ontario; Flin Flon, Manitoba-
Saskatchewan; and the Eustis mine, Quebec, he concluded that the
sulfide resulted from replacement in "zones of more intense shearing
and brecciation,® The Sullivan mine, Canada, appears to de an ex~

ception, for according to Swanson and Gunning (1945, »., 651) the
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deposit is controlled by a stratigrsphlic zone. However, the tourmalize
and cassiterite in the deposit suggest a grezter depth of origin than
many other massive sulfide deposits,

A second period of movement is indicated clearly by strong frac-
tu&ing and brecciation of the early introduced minerals, This later
movement controlled the distribution of the sscond-period minerels
that produced the ore shoots in the velns, The distribution of tkre
second~atage minerals suggeste that the later movement, in the velns
at least, took place along fracture zones that extended from the foot—(

v

wall to the henging wall of the veins,

The I vein, although designated as on2 veln, actually consists
of at least three individual echelons; the most northerly is not ex-
posed completely by underground openings. This explains in part the
greater length of the I vein., The individual echelons of the I vein,
marked I7, I>, and I3 on plates 4 and 5, show a&ll the characteristics
of individual veirs, such as quartz "noses,” coneisténcy of »lunge,
and characteristic mineral diatribution with the component echelons,
In all other parts of the deposit, adjacent veins 1lie to the west
or east of the strike extension of the reference vein, dut in the X
vein the partings between echelons are narrower, and there is a slight
tendency for the succeeding echelon to bend until 1t lies along the
strike oxtension of the previous oné. Hence these three echelons

have been regerded &3 one vein,
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The P vein is ummsual, for it plunges much less steeply and is
the only vein whose limits are exposed completely within the zone
mined. The plunge, 25% N., of the P vein is et least 259 flatter than
any other, so that the vein occuples 2n intermediate position between
the Y and A veins, The vein anexes above the 400 level and bottoms
a éhort distances below the 700 devel, figure 1. On the 400 level i%
is glmost a part of the Y vein; however, in depth it diverges te
" the north of the Y vein, and on the 700 level $s seperated by 250
- feet from the north ends of the Y veln and lies next to, snd sbout as
far north as; the A veln, figure 1,

Individual velns that have much of thelr strike length exposed
to observation appear to have a tendency toward a gentle curvature
that is convex eastward, %The X vein on the gsurface 1llustrates this
feature (pl. 2). Its strike varles 5° betwaen its southern and
northern limits. Thls feature is not limited to the Iron Xing ore
deposit; both the Kit Carson and Silver Beli-McCabe veins ars curved
in a similar manner (pl, 1). Furthermore, the strikes of beds at the
" north and south ends, respect1Ve1&, of tos Sllver Belt-McCabe vein
do not deviate appreciably from each other, but the vein changeeAin
strike from ¥, 65° B. to N. 27° B. The common curveture of the
veins in the area mapped suggests a comrwon origin; if the curvature
is primary, it suggests that ths Silver Beli-McCabe, Kit Carson, and

the Iron King vein-forming siructures are essentially the same age,
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Variations from an idezl en echelon patitern occur in some of
the indivicual veins, On the 900 and 700 levels the X vein consists
of two separated segments dut on the 800 level only one vein exists
{pls. 4 and 5), The veins must joiﬁ and split detween the 700 and
900 levels, The B and C velins, lying between the A and D veins,
represent subsidiary structures, as they do not maintain the en echelon
pattern (the B vein was omitted from plates 4 end 5 because of lack
of spaée). The A vein extends as far to the north as the C vein and
‘considerzbly farther than the B vein, The B and C veins probabdly
should be considered parallel veins to A, and not be included in the
en echelon psttern.

In general, the veins and the schist septa separating them are
consistent in width from the surface to the 1100 level, and with
rare exceptions, such as the local junction of the north ends of the
® and ¥ veins, adjacent veins do not Join, The septum between the
B and F veins is comrmonly not over 2 feet wide, and that separating
the E vein from the ¢ and I véina is most comuonly not over 5 feet
wide, In places, as on the 1100 level, the veins have been moved
together by postmineral faulting, btut these occurrences are not
conaidefed here. Variations in the widths of the C, H, P, and G velns
are lmown., Between the 200 and 6C0 levels the C vein, ranging in
width from 5 to 10 feet, produced some ore, but it is narrow and
unproductive on the lcwer levels. The E vein ranged froa 10 to 15

feat in width on the 300 and {00 levels znd was 10 feet wide on the
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500 level, dbut it narrowed to about 2 feet between the 5C0 and 700
levels, The G vein increzsed in width delow the 600 level, and the
increase is roughly commensurate with the decrease in the width of
the H vein., A general reverse relationship between the widths of the
two veins appears to exist, According to Kills (1941, p. 57), the

T vein chang;d into a wide, low-gfade. extremely siliceous dedy
between the 400 and 500 levels, but it n=rrowed to its former width

“

before reaching the 600 lavel,

So far as krown all the veins except the P are continuous
th?ouéhout the depth of the deposit, and the contacts ietween mas—
sive sulfide veins and wallrocks are very sharp, These features
and the consistency in veln widths suggest that the original frac-
tures were sharply defined and distinct,

One of the most striking features of the veins is the abrupt
change from massive sulflde with no megascopic vestige of host rock
to wallrocks with 21most no vein minerals, at least on the footwall
side, In many places a knife blade will cover the contact, Common~
ly a narrow band of gouge separates the vein material from the rock,

Yor one or two feet from the veins the foliation in the wallrock
appears to parallel the velns, As the veins are locally breken by
postmineral faults, both the marginal gouge and the parallelism
of veins and foliation seems logically explained by this postvein

deformation,
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The ore minerals are not uniformly distribduted throughout the
veins, for in places massive sulfide veins in which no wallrock ex—
ists continne for 100 feet or more south of the economic limits
of mining; A short distance south of the ore shoots the veln sfruc~
ture becomes generally wezker and replacement of rock material less
complete, Plate 3, therefore, does not give an accurate picture of
either the distribution of ore or the relative degree of replacement,

The north ends of the velns are exposed best by the underground
openings; additional information on thelr shape and size was obtained
from diamond-drill records. The north end of the C vein, 1100 level,
is exposed completely in the back of the drift (fig, 2), Other
informative exposufes are the D vein, 700 leve;. and the X, T, and
I veins, 900 level, plates 4 and 5'and figuare 3, The northern termin~
ations véry considerably in pattern. Commonly the veln swells to
perhaps twice its normal width; the X and ¥ veins were thereby Joined
on the 800 and 900 levels. The D vein, 900 &nd 800 levels, snd the
8 vein, 700 level, also widen. In contrast, some of the individnal

echelons within the I vein end by pinching out (fig. 3).

Fracture zones continue northward from the ends of some of the
veins, as is 1llustrated by the C vein, 1100 level, figure 2, The
fracture zones extend only short distances, as is shown dy diamond
drilling, Generally they are narkéd by abundant hydrothermal gseri-
cige and lesser amounts of quartz and ankerite; the alteration fol-

lows the fracture zone as a veinlike projection from the irregularly

-119-



' 3600 N. A S
fe- Sericite abundart in
the shear zone
._: | s
-0 20 FEET b4
AN i m
approx. - !
 ENLARGEMENT OF THE
NORTH END OF THE
, C VEIN
) : a0 . 80 FEET
L | | .
14%
ATy
S
s /S EXPLANATION
o <
< (&)
z g =
N

Shear zone

Figure 2. Plan view of the distribution and structure of the sheared
"and sericitized zone surrounding the north end of the C vein,

1100 level

11%a



3 00+

Wi
]
, /

//’/ Tl 77
4800. ‘;}i Vi

///// . :: ’

EXPLANATICN

Quarfz vein filling

amailve sulfide vein filling

“0liat~d meta-andesite tuff
40O N &
Fgult, showing dip
Q £ 100 Feeot
L - I
Figure 3. Plaon view of the relationship between I, T,, and
I; segments of the I vein,” 900 level

ne b



shaped, hydrothermslly altered mass surrounding the northern sections
of the veins, ¥hersver observed, the fracture zones cut and generally
disturbed the foliation, leaving little doubt as to their post-
foliation age,

The structures in the rocks that existed in the space now occu~
pled by the massife sulfide is thought to be reflected to some extent
by the banding in the sulfide: To thias extent the massive sulfide
gives clues to the character of the originalllocalizing structures,
The irregularities consist of (1) contimous, wavy bends, (2) dis-
continnous, nonpa;allel bsnding, aad (3) irregulsr fracture networks,
Regular banding also occurs, and all gradation§ between the regular
and irregular exist, but generally not in the same vein or the same
general area, In the ore zones some banding is due to the deposition
of sphalerige in fractures, and replacement of early minerals by
sphalerite along microscopic fractures, dut in other places, such
&8s in nonproductive veins, it results from the alternation of bands
relatively rich in pyrite and in quartz, anksrite or both. This al-
ternation was observed in narrow veins whose banding conforms to the
foliation in the wallrocks and is as regular and perfectly developed
as the foliation, Where only one stage of mineralization was recog-
nized, the danding in the veins prodbably reflects variations in
relatiie rates of deposition of the~different minerals, The most
drominent banding, that in the ore shoots, is partly due to the concen-

tration of the late ore-forming minerzls along nsrrow bands in the
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early vein filling. It appears clear thst the combination of planar
structures and variation in the relstive rates of depositicn of the
different minersls resulted in the banding.

Bending is common in most deposits of massive sulfide, but it
is by no means always present. It has been attriduted to pseundo-
morphism of various older structures, such as bedding, fractures,
and foliation, Massive sulfide deposits are characteristically fine~

grained, thereby favoring preservation of small feetures by psecudo~

mrphi SR,
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V21X FILLIXG
PThe general similarity of the mineralogy of massive sulfide de~

posits is most striking, Some differences and variations do occur,
but variations in relative abundance of the different minerals is to
be expected from one deposit to another, and varistions in minor
amounts of rare minerzls does not obscure the general similarity,
In general the massive sulfide deposits contaln pyrite, sphalerite,
chalcopyrite, and generally galena; in many, galena occurs only in
winor amounts., In table 3 the minefal assemblage of the Iron King
ore deposit is compared with that of six other massive sulfide deposits.

At the Iron King mine, the vein filling consists generally of fine-
grained massive sulfides and massive quartz in sharp contact with the
wallrocks, The massive sulfides vary in color from pale yellow to
nearly black, depending on the ratio of pyrite to sphalerite and car-
bonate, The massive quartz is gray, white, and greenish gray. Fine
banding produced by differences in the relative amounts of pyrite,
sphalerite, or, gangue is present almost universally in the massive
sulfide ores and is less marked in the nonproductive parts of the
veins. Here and there on all levels narrow schist partings, most
commonly under 6 inches in width. occur within the veinas,

The principal sulfide vein minerals are pyrite, arsenopyrite,
sphalerite, galena, and tennantite, and the nonsulfide minerals are
ankerite, quartz, sericite, and a little residual chlorite, Gold and

silver constitute the rare metals, The gold is free, and according
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sulfide minerzls

Gangue minerals and
hydrothermnal alterztion

. products

Table 3,~-

Sullivan mine, Huelva, Elo Tinto 'Shasta County, United Verfie

Iron King, Remmelsberg, Mandy mine
Arizona Canada district, Spain California deposit, Ariz, Germany Manitoba
(Swanson and  (Bateman, 1927) (Graton, 1909) (Reber, 1938) (Lindgren & (Hanson,
Gunning, 1945) Irving, 1911) 1920) N
pyrite pyrite pyrite pyrite pyrite sphalerite pyrite
arsenopyrite arsenopyrite arsenopyrite chalcopyrite marmatite chalcopyrite arsenopyrite
sphalerite pyrrhotite sphalerite sphalerite chalcopyrite galena sphalerite
galenn marmatite galena galena bornite pyrite chalcopyrite
chalcopyrite galena tetrahedrite bornite chalcocite arsenopyrite galena
tennantite chalcopyrite enargite tennantite
boulangerite luzonite
magnetite famatinite
cassiterite chalcostibite
. whitneyite (1isted in
umangite order of
hauchecornite abundance)
ullmanite
berthierite(?)
quarts chlorite sericite quarts chlorite barite gericite
ankerite albite calcite quarts carbonates
sericite tourmaline barite specularite quarts
apatite (?7) dolomite chlorite
rutile
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to Mills (1947) is carried largely in pyrite; the silver i3 believed
t0 be in the tennantite, Pyrite is the dominsnt sulfide mineral sunéd
in places constitutes by estimate as much as 75 percent of the vein,
Quartz end snkerite are the dominant nonsulfide minerals, and locally
either may be moet abundent., The north ends of the veins are almost
exclusively qusrtz; whereac in the central section askerite is com-
monly more sbundant,

The vein filling is very fire greined, The upper limit of grain
gize is about 1,5 mm,, and the lower limit 1s less than 10 nicrons.
Most of the grains are estimated to rarge in diesmeter tetween 100 end
300 microns, Arsenopyrite occurs in grains that sttein =& di;meter of
1.5 em,, and intergrowths of galena and tennentite occur in greins
estimated at 1 mm, in long dimension, Some pyrite crystels, especially
in the southern sections of tke veins, attain diameters of sbout 300
to 400 microns. Masses of pyrite are much larger, but they are aggre-
gates of xenomorphic pyrite erystals, as shown by eteching with nitric
acid, Sphalerite, galena, chalcopyrite, and some tennentite, common—
ly occur as sma2ller grains interstitial to pyrite and arsenopyrite,

The crystal habits range from idiomorphic t6 xenomorphic granular,
Pyrite commonly has idiomorphic outlines agsinst every other mineral,
In aress of massive pyrite, however, matual interference produces aggre-
gates of xepomorphic crystals. Arsenopyrite exhidbits erystal outline
against galena, ankerite, and sphalerite, but not against pyrite or

other arsenopyrite. Crystal outlines of sphalerite, galena, and

=123~



tennantite were not observed, but in places they replace ankerite,
retaining the rhombohedral cleavage angle in the outline of the grein,

Banding, widely distributed throughout all the veins, is the
most characteristic feature of the veln material (pl. 7). Individusal
bands range in width from sbout 1 mm, to 3 or 4 cm, Continuity in the
length of individual bands is more difficult to establish, in part
because of poor conditions underground for such observations., However,
lengths of several feet parallel to both strike and dip were observed
in stopes. Color variations resulting from the differences in the
relative amounts of the varlous minerals produce the megascopic band-
ing, Bands relatively rich in pyrite and sphalerite, respectively,
are the most abundant and produce the most marked color banding, but
local concentrations of arsenopyrite, quartz, and ankerite also con~
tridute to the banded structure,

The distribution of the minerals within the veins is consistent
in the larger veins on all levels but 1s not uniform, The north ends
of all the veins consist almost entirely of greenish to gray or white
quartz that appears almost chalcedonic. Here and there along the foot-
wall of the veins lenticular bodies of similar quartz occur. Some of
them are connected to the quartz at the north ends of the veins, but
others apparently are independent bodies, The marginal quartz mass
occurring within the I, segment of the I veln is connected to the
quartz nose on the 900 level but 1s apparently independent on the

800 level (pls. 4 and 5), The level maps show other gquartz masses
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of this type, and the veins contain several other masses that are too
small to indfcate at the scale used for the illustrations., The
greenish to gray or white quartz contains disseminated idiomorphic
pyrite crystals and is cut by ramifying sulfide veinlets and by massive
white quartz (fig. 4). In places, the gquartz at the north end of the
veins is rich in gold and silver, as on the G vein, 600'le§e1. Other
bodies, as indicated on figures 5, 6, and 7, contain average or less
than average amounts pf gold and silver, No megascopic differences
were observed between some barren quartz and ore quarts; however,
greenish quartz is valueless, according to John Kellogg, the mine
geologist., The translition from quartz to the massive sulfide is
sharp and regular, Plates 4 and 5 and figure 3 1llustrate the pat~-
tern of the transition and in every vein the pattern is similar, |
The quartz-sulfide vein contact strikes more northerly, cuts the vein
at an acute angle, and transgresses from footwall to hanging wall,
The angle between the contact and the vein is varied, ranging from

a few degrees to 30°, The G vein, 900 level, and D vein, 800 level,
illustrate the two extremes,

South of the quartz at the north end of the veins, the chief
variation in mineral content consists of an inverse relationship be-
tween amounts of pyrite and sphalerite, Assay data 1llustrate these
changes for the D and G veins, 600 to 1100 levels, and for the F
vein, 500 to 1100 levels (figs, 5, 6, and 7). The assay data are

accurate, as samples are cut at very close intervals on all productive
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veins, and individual samples are broken at significant chsnges in
vein structure or composition., In general the dollar value of gold
is consistent enough as twice that of silver to permit combining
them for simplicity of illustration, Lead and zinc are combined in
the diagrems, and but 1little information is lost, as lesd usually

is distributed uniformly throughout the minadble limits of a vein.

On the D and ¥ veins lead averages between 1,50 and 1,75 percent, and
_om the G vein about 2.50 percent., The ratio of lead to zinc, there-
fore, is much higher for tﬁe section of the vein Just south of the
massive quartz and to a lesser extent near the southern limit of min-
ing (figs. 5, 6 and 7)., The variations shown in the graphs are due
chiefly to the sphalerite content, vhicﬁ increases rather sharply
from the massive quartz southward to a maxirum amount and then de-
creases gradually. The south limit of mining is everywhere an
*agssay wall,® However, zones relatively high in sphalerite start

at a point on the footwall and cut across to the hanging wall at an
acute angle to the vein, dupiicating the pattern of the contact between
the massive sulfide and quartz at the northern end of the vein. The
assay graphs show plainly that any line of equal grade will parallel
generally the north plunge of the north ends of the veins and that

a spatial relationship exists within the vein between the rare and
base metals, In every veln the gold plus silver maximum occurs north
of the lead plus zinc, but not so far north that no overlap exists

between the twvo., The dollar value of the gold and silver is high at
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the lead-zinc maximup, but is appreciadbly less than the maximun
dollar value, This feature of the deposit is consistent,

In the veins, the gquartz masses, including both the auartz noses
at the north end of the veins and the less common lenticular masses
along the footwalls, are commonly separated from the massive sulfide
by thin partings or septa of sericite schist, The most common type
of parting, usually chlorite schist, enters the veln from the hanging
wall, and after continuing for distances up to several hundred feet,
terminates, In places the last few feet are thin chloritic filme only
a few millimeters thick, The north I vein is divided into several
parts by thick partings that cross the vein (fig. 3), Where this
occurs, the individual segments have all the characteristics of an
independent vein, such as internal zonigg and a quartz mass at the
northe:n termination., In a few places narrow partings enter the vein
from the footwall, migrate well into the vein, and then back into the
footwall metatuffs, The velns contailn numerous narrow partings,
ranging in length from a few inches to as much as 100 feet, that in
plan view are entirely within the vein, In three dimensions many
of them, especially the larger ones, undoubtedly are connected to

the wallrock,
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PAéAGEﬂESIS OF THL VEIN MINZRALS

The parzgenesis of minerals determined microscopicslly is held
by the writer to be most significant when Interpreted in relation to
the local and regional geology established by geologic mapping,

The chief value of microsconlc study alone is mineral identification,

The following geological background is necessary, therefore, to
understand the relations observed through the microscope. The veins
constitute a massive-sulfide replacement of a foliated meta-andesite
tuff in well-defined fractures, The amount of displacement, if any,
of meta-andesite tuff by massive sulfide is not known, as only
evidence for replacement was cbserved, The fractures. which localized
the veins, and the massive sulfide velns are younger than the regional
metamorphism, Intramineralization deformation wae strong and con-
gsisted of brecciation and shearing of the early veln material,
Postmineral deformation is limited to a few faults whose maximum
vertical displacement is of the order of msgnitude of 100 feet and
whose exposures indicate well-defined bresks rather than wvidespread
brecciation,

The regional mapping does not disclose any pervasive post-
mineral deformstion, although local postmineral faults exist. The
period of shear or fracturing resul?ing in the Iron King, Kit Carson,
McCabe~Silver Belt, and other smaller veins in the district, is inter-
preted as the last stage in the more or less continuous deformation
producing the matamorphic terrain snd structures in the Iron King
district.
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The similarity of the pattern of mineral distribution in each
veln, as described in the section on the vein filling, further sug-~
gests a common and simple history.

Pyrite, a}senopyrite, sphelerite, galena, tennantite, and chale
copyrite are the primary sulfide minerals recognized in the microsconic
study of the ores. Quartz, ankerite, stringers of wellrock, and traces
of residual chlorite (?) and lste sericite ere the nonsulfide con—
stituents of the veins., In the ore shoots, ramifying velnlets of
various mixtures of sphalerite, galens, teﬁnantite, chalcopyrite, and
arsenopyrite have pyrite-cerbonate-quartz vein m-terial as a host,
and where the former minerals are not abundant, the later constitute
the principal vein material. This is the commonest and most signifi-
cant association obsefved. Pyrite~carbonate-quartz meterisl con-
stituted the initial vein filling; the iater period of drecclation
of the early vein minerals was followed by the introduction of the
sphalerite, arsenopyrite, galena, tennantite, and chalcopyrite in
one general period of mineralization. Pyrite, quartz, and ankerite
may have accompanied this later stage, as they also occur in cross—
cutting relations, From the geologic mappling of the veins and the
microscopic study of the ores, the minerals of the second period appear
to be essentially contemporaneous with one another,

Significant age relatlions of tﬁe minerals of the later stage
for the entire deposit were not established, chiefly because apparent

age relations could be determined in less than 1 percent, by estimste,
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of the pairs in mutual contact and some of these relatione contra-
dicted others., Schouten (1934)produced replacement artificieslly

in the laboratory and showed some of the possible sources of error
in the determination of age relations; selective replacement is the
chief cause of error, If selective replacement 1s extensive, age
determinations would not be significant, Widesoread and consistent
occurrence of velned and pseudomorphed minerals is diagnoetic evi-
dence for age relations under most conditions, but such consistency
vas\nnt observed among these vein minerals,

The following more detailed descriptions of individusl mineral
species are included for the common associations and occurrences of
the minerals, The inferred age relations are stated as a matter of
record,

Two types of sphalerife occur, the ordinary or rosin variety and
marmatite, Marmatite is by far the most abundant, constituting over
90 percent of the sphalerite, An anelysis of the marmatite by the
American Cyanamid Company for the Iron King mine gave zinc 63.5
percent, ferrous iron 3.2 percent, and ghlﬁde 33.5 percent, which
corresponds to 95 percent zinc sulfide aﬁd 5 percent iron sulfide,
Marmatite is the earlier mineral and in places is velned by the rosin
variety, The marmatite occurs chiefly as streaks or bands of rela-
tively pure material which contribute greatly to the bended structure

of the veins, In part, these bande certainly represent replacement

features, as residuasl pyrite grains are dispersed irregularly through
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them in various stages of replacement, and on either side of the véin—
let idiomorphic pyrite occurs, Plate 8A illustrates the character
of the pyrite oh either side of the contact of a band rich in sphalerite,
The pyrite in the upper vert of the fleld is replaced partly by
gsphalerite, whereas that below the contact 1s unmodified, Commonly
marmatite is interstitisl to pyrite that shows little or no modifica-
tion of the crystal outlines (pl. 8B). Such a relation could mean
either (1) simultaneous deposition of pyrite and mermatite, (2) or
selective replacement of early quartz-carbonate by marmatite, or
(3) replacement of sphalerite by pyrite, Under the microscope sphaler-
1te‘vas obeerved as velnlets in gquartz, ankerite, chalcopyrite, arseno—
pyrite, and galena, It is velned by galera and is included as small
grains in chalcopyrite and very commonly in pyrite., Idiomorphic
arsenopyrite in a matrix of sphalerite was observed; locally the
‘arsenopyrite outline is undisturbed, but elsewhere it hes been modi-
fied by the sphalerite, In places sphalerite forms pseudomorphs after
ankerite preserving the rhomboﬁedral angle, Parts of the vein that
/,/~rich
are ric§ in sphalerite are/also in tennantite, galena, and arsenopyrite,
Rosin sphalerite occurs in late crosscutting veinlets assoclated
with clear quartz; to a lesser extent it occurs with ankerite and
“tennantite and as disseminated crystgls whose age relations are od—
scure, Several nests of rosin sphalerite were found on combd quartez
that filled a late -crosscutting fracture. A few crosscutting micro-

gconic veinlets contain both marmatite and rcsin sphalerite, In none
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of them were the mutusl age relations discernible, but the general
occurrence of the rosin evhalerite strongly suggestis a lster age,
Galena rarely constitutes more than 4 percent of the vein material,
yet it is present in every polished specimen from productive veins
exzmined, Galena and tennantite are associated very closely (pl. 9).
Galena, tennantite, and chalcopyrite also form a common association,
No evidence wes found for any age difference between the galena and
tennantite. Galena is Interstitialito pyrite and arsenopyrite, It
veins marmstite and arsenopyrite and is veined by marmstite, Galena,
assoclated with rosin sphalerite and pyrite, was observed perched on
conb qusrtz erystals in an open fracture, Most of the galens and
essociated tennantite are in pyrite-free zones of quartz and carbonate
(pl. 9) that form part of the megascopic banded vein structure and
sugen (less than 1 cm. in length) in the vein, The gelena and tennan—
tite cccur in the quartz-ankerite bands as irregular grains and as
ramifying microscopic velnlets that in general parallel the danding
in the vein, In the augen they most commonly occur as large grains
at the enés, and where more sbundent tend to rim the augen completely,
In a few places gelena replaced vyrite, as indicated by emall ir-
regular residuals of pyrite enclosed in galena, Had the pyrite been
younger, it most certainly would be in idiomorphic crystals, as the
power of crystallization of pyrite.is many times that of galena,
Chalcooyrite occurs only in amounts less than 1 vercent in the

pProductive veins, It is limited chiefly to small, irregular, inde-
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pendeﬁt grains; small m:sses associated with tennantite crystals;
and microscopic blebs in sphalerite. Chalcopyrite veirns pyrite,
arsenopyrite, and quartz-carbonate, and is veined by sphalerite,

Arsenopyrite is sbundésnt in the veins, pzrticularly in the
ore, Com@only it has good crystal outlines, chiefly diamond-shsped
in section, agairet 211 minerzls except pyrite and other arsenopyrite,
Arsenoryrite in veins associzted with sphalerite, tennantite, galens,
and chalcopyrite cuts through pyriteerich vein material and contributes
to the banded structure of the veins, In several polished sections
arsenopyrite is more abundant than pyrite, and s fzw of the larger
arsenonyrite crystals contaln small, irregular unreplaced residuals
af pyrite,

The distribution and occurrence of tennantite is similar to that
of galena, No mineral that has silver as an essential part of its
composition was found in the veln; th; silver, therefore, by analogy
with deposits elsewhere, is probably in solution in the galena and
tennantite, Assays of the mili concentrates reveal that silver is
more closely sssociated with copper thsn with lead, Fluctustions
in copper content of concentrstes are always accompenied by a pro~
portionate change in silver., Hence most of the silver is probably
in the tennantite, although microchegical ammonium dbichromate tests
for silver were unsuccessful, However, Short (1940, p. 201) was un-

able to obtain ammonium bichromate microtests for silver in tennantite

that assayed 1 percent Ag,
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Although gold was not observed during the microscopic study of
the orea, sufficient data are known from metallurgical tests e&nd assays
to summarize its occurrence., The gold is free and occurs in galens,
sphalerite, and pyrite., Pyrite cerries most of the gold, chiefly
becasuse pyrite is more sbundant. Gold is distributed throughout the
veins, as indicated on figures 5, 6, 2nd 7, but the ratio of precious
to base metals is higher for the quartz at the north ends of the veins
than for the rest of the veins. Higher local concentrations of precious
metals also occur in the quartz noses. These relations strongly sug~
gest that the gold is in the pyrite. The nrecious metals, in a sim-
ilar manner to the base metals, gradually dgcrease in smount south—
vard,

The cartonate is probably ankerite, The omega index of msterial
occurring as knots and as interstitial filling in the vein is 1,710,
Material from a small quartz—carbonateféchlorite veinlet cntting the
meta-andesite tuff south of the Iron King mine hss an omega index
of 1,725, All the carbonate reacts slowly to dilute acids with effer-
vescence and all tested gave strong microchemical tests for irgﬁ;
From index alone ankerite and ferrodolomitc cannot be distingnished
from magnesite or magnesite with partial replacement of magnesium
by iron or manganese. But, according to Winchell (1933), neither
magnesite ﬁor siderite react with cold dilute acid, whereas dolomite,
ankerite, and ferrodolomite may. On the basis of index and reaction
with dilute acid, a member of the dolomite~ankerite~ferrodolomite

gseries would seem most probable, This fact is further substantiated
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by the occurrence of the carbonate, much of which was devosited contem—
p8rancously with pyrite, Under such conditions, ions of both =mzz-
nesium and iron must have been plentiful, Mangsnese oxide stain was
not observed on the weathered carbonate, indiczting thet mengenese

does not enter into the composition. Oxidation releases the iron

in the carbonate, coloring the carbonate a dark red.

The occurrence; index of refraction, microchemical tests, and
slow effervescence with dilute acld suggest the carbonate is ankerite,
corresponding to 65 percent dolomite (Ca Mg 0206) and 35 percent
ferrodolomite (Ca Fe C204). The carbonate with the index of 1,725
contains equal amounts of dolomlte and ferrodolomite molecules,
according to Winchell's (1933, p. 74) charts,

Quartz and ankerite are both associated and independent of each
other. Some polished sections contain a predominance of one or the
other. In general the northern sections of the veins contsin more
quartz, and the central parts are richer in carbonate, Smell vein-
lets of quartz, ankerite, or both, here and theraz cut pyritic vein
meterial, Some of them may carry also rosin sthalerite, galena,

or tennantite. In one polished section =z quartz~tennantite-~galena

veinlet cuts ankerite.



POSTMINXRAL STRUCTURAL FEATURES

Postmineral structural features conslst of faults, Joints, and
prodably slip cieavage. The larger faults that have offset the veins
are all reverse faults., Those that dip steeper than the vein produée
an overlap of the vein; those that dip less steeply produce a gap.
Other faults of similar attitude but whose direction of relative
displacement is not known also occur in the mine, especially in the
northern parts of the 800 and 900 levels, A nearly flat reverse fault
occurs on the 900 level,

All of the high-sngle reverse faults are nearly parzllel in
strike and dip to the foliation and to the veins. They are not en-
tirely folistion-plane faults, for in places they crosscut the folia-
tion, commonly at an acute angle, The faults tend to crosscut but
are diverted slong foliation planes because the preexisting surfaces
offer less resistance than the direction of maximum resolved shearing
stress, HMovement along foliat}on planes continues until the stress
at an angle to follation becomes greater than the strength of the rock.
Bupture then occurs across the follation. In a similar manner the
faults appear to be diverted along the wall of the veins for some
distance before they rupture the vein. In a scale-model experiment,
Ekkernkamp (1939) found that planar structure at 20° from the direc-

tion that fractures would normally follow in a homogenecous material

would control almost completely the direction of fracture. Where the

fractures did transect the foliation, the direction about bisects
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the angle between the normal to the foliation and the direction

that would be taken in a homogeneous rock. Similar experiments were
made with the planar structure at 45%, 60°, and 75° to the normal
direction of fracture., Each had an effect on\the direction of frac-
ture, but the effect decreased as the angle increased, At 45° fuily
half the fractures occurred parallel to the planar struc;nre, but at
?5° the fractures orosscut without much visible control by the
planar sfructures.

The fault at the north end of the 800 level and the fsults north
of coordinate 4200 ., 900 level, so far as known, have not displaced
the vein, although some displacement could accur without being notice~
abie at the present state of development in these two localities,

By analogy with other faults of similar attitude in the mine, they
are probably reverse faults, Offsets of the vein on these faults
may appear as development and mining progresses, A gouge zone, 4 to
12 inches thick, marks the fgult within the vein on the north 800
level., It is not known whether this gouge represents an originsal
schist parting which has been sheared or whether it is material moved
into place by faulting., This fzult has not been located on the 700
level; on the north 900 level it is probably the fault on the hanging’
wall of the vein, and if so, bas not disrupted the vein to any large
extent (pl. 6). On the 900 level the fault is marked by a gouge
sone up to a foot in width, The fault in the footwall at the north

end of the 900 level is marked by a strong gouge zone about three
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feet from the actual wall of the vein, This fault is not known on
higher levels, a2nd development on the 1000 level had not extended
far enough north to encounter it.

The Iron King fault, which is steeper than the veins, has dup-
licated the I vein on the 700, 800, and 900 levels (pls. 4 and 5).
It lies in the footwall of the I vein on the 1000 level; apparently
movement has occurred between the I and B and between the H and G,
as’the veins are much closer together than elsewhere and much gouge
is in the intervening wallrocks, The fault dies out both to the
north and to the south from a central point where the vertical displace~
ment is about 100 feet., Figure 8 shows the offset of the vein in
thrée equally separéted sections, Section Z ~ Z' illustrates the
fault near the north end of the mine where it begins as a small
fault bresking a small fold in the vein., The fold extends some
distance north of the fault, The axiz of the fold is approximatély
parallel to the line of intersection of the footwall segment of the
vein with the fault plane. Section Y - Y' is through the zone of
maximum vertical displacement, and Section X - Xt illustrates the
decrease in vertical displacement on the fault toward the south,

At about 3880 N. on the 900 level the Iron King fsult is cut
by a reverse fault flatter than the velns. This fault has displaced
the D fein about 10 feet vertically n;ar coordinate 3440 N,, as shown
in a raise from the 1000 to the 900 level. No counterpart of this

fault was found in the hanging wall of the Iron King fault; hence
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it is assumed to be essentizlly contemporaneous with the Iron King
fault, This fault intersects a reverse fault that is stecper then
the vein at 3360 N,, 900 level. The steeper fault has duplicated
the D vein between 3200 H, and 3300 E., and its relations to the
veins and the adjacent flat fault are shown in figure 9, From 3100
H, to the south end of the 900 level, the workings expose a reverse
faﬁlt flatter than the vein, At about 2920 ¥, this fault has a
vertical displacement of about 10 feet between the 80O and 900 levels.
Conceivably fhis fault and the one that oceurs between 3900 X. and
3360 N., 900 level, could be offset parts of the same fault, as both
have the same general attitude and amount of vertical displacement.

Only the faults that dip steeper than the veins will affect the
veins in depth, On the 1000 level the Iron King fault lies between
the I and H and between the H and G veins, Devélopment vork has not
proceeded far enough south on the lower levels to expose the steep
fault that lies south of No. 6 shaft, The faults that are less steep
th;n the velns transgress 211 the veins between the 900 and 1000
levels and rake either gently southward or nearly horizontal., They
probadbly will not be encountered again,

Here and there in the veins are small faults (not shown on maps)
that range in strike from ¥, 85° W, .to N. 80° E. and dip south at
about 80° wherever the dip could be measured, The most striking
feature of these faults is that commonly the fault planes stop at

the walls of the veins, yet gouge up to 6 inches in width, composed

~-139-



NW : ‘. : SE '

900 LEVEL

Vem f:limg

D

- Fault, shown g relohve movemem

Fugure 9 ~Section showing nature of dzspmcemem of veins on
foults ot 3288 N., 900 level o

M S e ok Ak AL

139 a




of pulverized vein filling, is present., Generally the faults occur
as scveral closely spaced parallel breaks, Jn several places they
extendAinto the wallrock and a swmall horizontal displacement was
observed; in all such occurrences the north wall moved east relative
to the south. |

. There is no way of measuring the displaéement on these faults,
alfhough it is prodadbly small, as the faults do not mark changes in.
grade or appearance of ore from one wall to tﬁe other, Where the
faults do not cut the wallrocks, they mey represent minor adjustment
to postmineral deformation, wherein the veins moved slightly within
the confines of the vein walls.

Flat joints, essentially at right angles to the dip of the
velins, arec abundant throughout all the veins. They fre spaced only
a few feet apart vertically.

In the fine-grained, well-foliated hydrothermal alteration
zones in the Irom King area slip cleavage 1s very abundant., As the
slip cleavage is somewhat varied in attitude, 58 attitudes were
measured from outcrops scattered at random throughout the alteration
gones, Only one attitude of slip cleavage was recorded at any one
outcrop, Tﬁe poles to the planes of the slip cleavage were plotted
on a stereographic net revealing a 25 percent concenxratién of planes
at l; 60° W., 70° SW, and & 12 percent concentration of planes at
. 75° ., 70° SB. The slip cleavage has two distinct forms, (1) a

series of "V-shaped" minor folds having fractures bisecting the folds,
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and (2) sigmoid folds having sharp beﬁds and a fracture bdisecting
the engle at each bend., Using the direction of relative movemeni
indicated by the sigmoid-type cleavage, the north side of the K,

75° E. slip cleavage apperently moved toward the southwest, and the
north side of the N, 60° W, slip cleavage apparently moved toward the
gouthesst, Thus they moved in the proper sense to be members of a
.conjugate set of shears. In plan view the two directlions of cleavage
are nearl& symmetrical with the strike of the veins, and it might

be assumed that the fracture cleavage and faults that lecalized the
vei;s were related to the same deformation, However, in three dimen—~
sions, the deformation plane of the slip cleavage {ac plane of the
structural coordinate system) is far removed from either of two
deforﬁation planes, inferred by assuming that the lineation in the
vein walls is either the "a® or "b* direction of the structural
coordinates, Thus the slip cleavage is probebly of postminerszl age,

possibly due to the deformation that produced the postmineral faults

in this mine,

~1l41-



REFERENCES

Barth, T, P, W., Correns, C, W., and Eskola, P,, 1939, Die Entstehung
der Gesteine: Springer, Berlin, S, 357-359.

Bateman, A, M,, 1927, Ore deposits of the Rio Tinto (Huelva) dis-
trict, Spaint Econ, Geol., vol. 22, no, 6, pp. 569-61%4,

Capps, S, B,, and Johnson, B, L,, 1915, The Ellamar district,
Alaska: U, S, Geol, Survey Bull., 605, pp. 87-92.

Ekkernkamp, M., 1939, Zum Problem der altern Anlagen im Bruchgebieton:
5601. Rnnch&ﬂ. ’ 30' s. 713”76“.

Finlayson, A. M., 1910, The pyrite deposits of Huelva Spain: Econ.
3901.. vol. 5. no, 5. PP. 14’03"!4‘370

Graton, L, C., 1909, The occurrence of copper in Shasta County,
Calif.: U, S. Geol. Survey Bull, 430, pp. 71-111,

Gilluly, J., 1933, Replacemen? origin of the aldbite granite near
Sparta, Oregont U. S. Geol. Survey Prof, Paper 175-~C,
pp. 65-81,

Banson, 6., 1920, Some Canadian occurrences of pyritic deposits
in metamorphic rocks: Econ. Geol., vol, 15, pp. 574-609.

Harker, A., 1939, Metamorphism, 2d ed., p. , London,

Hendricks, H, R,, 1947, Milling lead-zinc ores at the Iron King
mine, Prescott, Arizona: Am. Inst. of Min, and Met. Eng.,
Mining Tech., vol, 11, no. 4, T, P, 2191,

Kutton, C. 0., 1940, Metamorphism in the Lake Wakatipu region:
Bew Zealand Dept. Sci, and Industr, Res., Geol. Mem.,

no. 5.

Jaggar, T. A., and Palache, C,, 1905; U. S, Geol. Survey Geol.
Atlas, Bradshaw Mountains folio {no, 126).

Lasky, S. G., 1936, Geology and ore deposits of the Bayard area,
Central mining district, New Mexico: U, S, Geol. Survey
Bull, 870, . :

Lindgren, ¥W,, and Irving, J. C,, 1911, The origin of the Rammelsberg
. ore deposit: Econ. 8eol., vol., 6, pp. 303-313.

Lindgre;ﬁ, W., 1926, Ore deposits of the Jerome and Bradshaw quad—
rangles, Arizona: U, S, Geol, Survey Bull. 782,

=142~



Mills, H, F,, 1941, Ore occurrence &t the Iron King mine: Eng. and
Min, Jour., vol, 142, no. 10, pp. 56-57.

» 1947, Occurrence of lead-zinc ore at the Iron King mine,
Prescott, Arizona: Am. Inst. of Min. and Met. Eng,, Mining
Tech,, vol, 11, no., 4, T. P. 2190.

Mining World, 1944a, Mining at the Iron King: Mining World, vol, 6,
no. 3, pp. 13-16.

Mining World, 1944%, Iron King milling practice: Mining World,
vol. 6, no, 4, pp. 21-2h4,

Ransome, ¥, L,, 1903, Geology of the Globe copper district, Arizona:
U, S. Geol, Survey Prof., Paper 12, p. 15.

s 1919, The copper deposits of Bay and Miami, Arizonaj
U, S, Geol, Survey Prof. Paper 115,

Reber, L, B,, Jr., 1938, Jerome district: Arizona Bur. Mines Bull,
1‘4’5 » PP-. b1-65.

Schouten, ' C., 1934, Structures and textures of synthetic replace~
ments in "open space®: Econ, Geol,, vol, 29, no, 7,
ppo 61 1 ’658 L)

Schwartz, G, M., 1947, Hydrothermal alteration in the "Porphyry
Copper® deposits: ZEcon, Geol,, vol, 42, no., %, pp. 319~

352,

Short, M. K,, Microscopic determination of the ore minerals: U. S.
Geol, Survey Bull, 914,

Stevenson, J. S., 1937, Kineralization and metamorphism at the
: Pustis mine, Quebec: Econ. Geol., vol. 32, pp. 335-363.

Svanson. C. 0., and Gunning, H, C., 1945, Geology of the Sullivan
mine: Canadian Inst. Min, Metallurgy Tranms,, vol. 48,

pp. 645-667.

Tarner, F, J., 1948, Mineraloglical and structural evolution of the
m@tamorphic rocks: Geol, Soc. Am. Mem. 30.

¥ilson, X, D., 1939, Pre-Cambrian Mazatzal Revolution in Central
Arizonaj @Geol. Soc. Am,, Bull,, vol, 50, pp. 1113-1164,

Winchell, A, X,, 1933, Elements of optical mineralogy, 34 ed.,
p. 74.

=143~



