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Magnetite was present in all slides studied but in smaller

cuantities than in the Precambrian igneous rocks. Apatite and
zircon are likewise only sparingly present.

Contact metamorphic effects associated with the quartz
monzonite are relatively weak and are rarely noticeable more
than 1000 feet from the contact. GCreen actinolitic hornblende
is locally prominent in bladed crystals as much as 1 inch in
length. Some actinolitic hornblende occurs in zones as rwuch

tic
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as 12 inches thick composed of parallel bands of actinol

0.

horablende ranging from 3 to 1 inch thick which are separate
by bands of aplitic material composed of andesine and ortho-

! . 1 L.
clase ranging from £+ to 3 inch thick. The bands were observed

cutting the quartz monzonite as well as the bordering Precam-

cuzrcz Monzonite Porvpnvry

M

The next youngest unit of the Copper Basin stock is a
light to medium gray biotite quartz monzonite porpayry. It
is present in the north end of Copper Basin as an elongate
cend averaging 1500 feet wide and 2 miles in lengtg. The
long axis of the band trends N. 200 Z.

The quartz monzonite porphyry exhibits sharp contacts
vith adjacent rocks and no contact metamorphic effects were
observed. The southwest contact with the earlier cuartz mon-
zoaite unit is marked bty some intrusive breccia., Breccia

v SR ity A e e g
ts of quartz monzonite are included in the porpayry
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The quartz monzonite porphyry is a competent rock and

generally forms higher ground than the nearby cuartz monzon-
ite. Joint blocks of the porphyry have weathered into angu-

lar to sub-rounded blocks as much as 15 feet in diameter

along the steep slopes at the north end of Copper Basin.
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Some blocks are still in place and others form large rubble

grained edquigranular mosaic of oligoclase-andesine, ortho-
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lase, quartz, biotite, and accessory minerals.
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ig present as prominent phenocrysts

d ed b b

, renging Iirom 2 mm. to 2 cm. and averaging 5 mm. Zoning 1is
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concentrated in the outer
zones. Plagioclase in the groundmass is difficult to es

mate, dut the total. including the henocrysts, is probabl
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Irem 30 to 40 percent.
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Siotite phenocrysts, in hexagonal plates from 1 to 3 mm.
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and averaging 2 mm,, compose 5 to 7 percent of the
rock.  Many of the pléces have been partially or whdily alter-
2d tc chlorite and iron ores,

ne equigranular groundmass has an average grain size of

asout 2 mm,., and comprises a mosaic of orthoclase, quartz,

s apatite and zircon. Orthoclase is
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Porphyry dikes, having a wide range in texture and cam-

position, are included as qQuartz latite por,uyry on the map

}...

(Plates X and XI). Many of these dikes are identical in com-
position with the quartz rmonzonite and are similar texturally
except the groundmass is much finer-grained,

4 major trend of some of these dikes is north to N. 20°
2., parallel to the long'axis of the oquartz monzonite porphyry

“bedy dbut continuous to the south at least 3 miles beyond the

south extension of the latter intrusive. The dikes intrude

tne quartz monzonite porpayry but are probably closely asso-
-
ciated with 1T in time.

Cne quartz latits porphyry dike was traced continuously
Troxm the north pa cf Copper Basin to the EBoston-Arizona

was Indispensible in the interpretation of some structures
end age relaticns of certain ore deposits.

extural differences involve the ratio of lighp to
darx minerals, ratio of phenocrysts to groundmass, and also
Zifferences in grain size of groundmass and phenocrysts.
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Phencerysts form from 10 to 30 percent of the rock and th

remeinder consists of a groundmass which grades from fine-
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Insufficient petrography was cdone to give & detailed

description or general mode of these rocks, but ail are char-

acteri®ed by pkenocrysts of zoned oligoclase ranging in size
1

from 2 mm. to 2 cm. and roughly averaging 5 mm. Locally the

feldspar phrenocrysts are c¢rushed and rounded. Some dikes
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have bilotite phenocrysts, asmich as 1 c¢m. in diameter as th

neecles of horablende as much as 1 cm, long. Some di

ain & few large rounded grains of glassy quartz as much

v

as 1 cm. in diameter but most of the quartz is in -the ground-

mass., <The groundmess is generally a fine-grained mosaic of

ortnoclase, plagioclase, quervz, and in tahe darker rocks
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spar phenccrysts. The darker color of some dikes may be due
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sin stock. The aplite is a white to

sale pinky non-foliated rock whaich can generally be separated

from the foliated aplites of Precambrian age.

&ll of the Copper Basin

stock rocks,

Aplite cuts

but no evidence was found
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to indicate that all of the aplite followed the guartz latite

acent to the quartz monzonite contac

They are compos
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typical aplitic texture and appear

ed of a mosaic of grains averaging

er. The rock is esseatially com-

long was observed in the

IHarte.
1kes, especially prominent

tne Copper Basin stock, are thouzht
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N¥ine Strike mine. As obssrved in thin section this rock is
composed of tabular basaltic hornblende and lath-like labra-
dorite phaenocrysts set in a fine-grained to glassy matrix in

augite and magnetite could be iden-
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the camptonite dikes described by

Lindgren (1926, p. l4lL) in the Bradshaw Mountains, about 25
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southeast. Cther fine-grained basic dikes, in-
cluding diabase, lamprophyres, and dense black basaltic-type
dikes, can be seen along the road to Prescott on the east
side of Copper Basin, No spatial reletion of any of these
dixes to the Copper Basin stock could be determined and those
brian in age may be associzted with the

late Tertiary wulcanism in the region.
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Late Tertiery (?) Rocks

Rhyolite rocks in the area include a volcanic neck, two

Definite evidence is lacking for the age of the rhyo-
Litie ‘Pocks. ‘The rhyolite intrusives cut all thrhe Copper Basin
ztocck rocks anc associated mineralization, and there is evi-
dence that a period of erosion separated the two general per-

lcés ¢ igneous sctivity. The bedded tuff unit indicates an

orizin in deposition from water; thus there has been little
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ace features near the volcanic neck.
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“he rhyolite plugs and dikes are composed of about 1
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onienocrysts and 9C percent glassy groundmass.: The texture
indicates a more near-surface environment than do the textures
of the Coﬁ;er Basin stock. Lake beds, containing rhyolitic
tuff interbeds, near Goodwin, about 2C miles south of Copper

Basin; have been dated as Pliocene by camel remains.  Thi

[}

may

represent a general pericd of acid vulcanism- in the region,
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and hence the rhyolitic rocks of the Copper Basin area are
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tentatively classified zs late Tert
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ary (?) until more speci-

fic evidence is found,

s consisving primarily of Ifine to coarse-
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wash at the east

contact of the volcanic neck, The exposed arsa extends about

'2CCC feet north by 1000 feet east. The beds strike N. 30°-

L0% E. and dip 100-40° NW. towards the volcanic neck. 4 few
rermants of similar materizl were observed on the west side of
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individual beds commonly show graded bedding (Plate VI-B).
Cther beds ranging from 2 to 6 feet thick are not well-

ngular to locally rounded frag-
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(4

ments of rhyclite mixed with Precambrian metamorphic and

granitoid rocks in a fine to coarse-grained matrix of cla-

pact structures, as indicated by sharp down-bending of thin
veds uncder fragments, were cobserved in the unit. Small

B

scale unconformities are present in the thinner-bedded por-

P ~ % . 3 -~ -~ \
tions of the unit (Plate VI-Bj.

A search for micrcfossils in the thinly bedded materis
gave negative results.

The exact origin of the bedded tuff is in doubt, but

it was probably formed early in the history of the volcanic
neck. The vent may have originally formec ty explosive zac-
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incorporated the central part of the bedded tuff ghd left
cnly remnants along the outer edges. rFinal subsidence of

vae main neck tilted these remnants in towards the center.
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~aterial and intrusive rhvolite (Plate VI-A). The neck is

roughly a half mile in ‘dizmeter. Two rhyolite plugs crop

cne is in the center of the cuartz men-
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zonite unit, and the other forms a northerly-trending ridge

n the west side of the tazsin (Flate IX). Rhyolite dikes

beid

connect the piugs with tihe vclcanic neck. A swarm of rhyolite

, fenerally striking north to N. 700 W., is present in
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the -southwest part of the area.
In general the rhyolite is resistant to erosion; the
form rrominent buttes or rounded

likes comnonly stand 10 to 50 feet above their
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made to unravel the cdetziled sequence of events, but at least
two generations of rhyolite are present. Steep T
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tures were observed in many parts of the neck. Ziliptical

from ths weathering out of soft, yellow clay fragments.
Copper Zesin are composed, for the most
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~R4oan o main osectlions.  The rock consists of from 5 to 15 ver-

sl

reev wide, cuts the light gray rhyolite, Swirling, steep

flow structures are common in both plugs. The floor of Cop~-

g

er Basin has been ercded to a depth of at least 30C feez
felow its position when thne plugs were emvplaced.
A general zone of rayolite dikes, striking N. 50°-g0°

W., connects the west plug and tne vclcanic neck. The dikes

range f om 5 to 50 feet wide and are commonly discontinuous
along the strike. Some dikes are massive fine-grained rhyo-

lite and others contain breccia and porous rayolitic materizl.
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in Tae southwest corner of the area to be classed as a "swarm
These dikes generally strikeé north to N, 700 W nc¢ have
vertical or steep dips. Some of these dikes have 2 dist inctly
purple groundmass and others are light gray. In some areas

iigat gray rayolite was cobserved as breccia fragments in a
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Structural controls for the emplacement of the Copper

3asin stock rocks comprise the regional foliation dirseccion,
No 10°-30° Z., znd a contact beiween rocks of different com-
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dips east in

Smaller subsidiary flat faults were noted in vicinity

of the Navy thrust fault. The Silver Gulch mine exploits

Boston fault zone
Trne ZSoston fault zone extends from the Boston-Arizona

mine south about 3 miles To a group of shallow pits and short

parallel fault strands which converge and diverge along the

nly be located definiteiy in & few places and the zone was
traced as a unit. The magnitude and direction of cdisplace-
ment changes along the strike, and there is evidence of more
ne relative horizontai dis-
clacement was determined bv offset of igneous contacts and

o

¢ixce, In the Boston-Arizorna mine there is evidence fron

J -~ 3 -— vy e o e -~ A o~ N =
Lra sy ana sTirliae €01 a sorong vertical comoponentT oI movenent

- -~ ~ - 2 o - - ~ i

&lorz cne strand within the zeone. - Inasmuch as the Bosto
DA 5 = 5 = by - o v~ 3 - - ~ - B o

cau~% Zene 1s-one . of the main siructural conirols for ore
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Zone I is represented by an area of about one square
mile that includes all of the pipes in the main north group
{Plate XI). Local quartz-sulpnide filled joints and fradtures
are present near the pipes in the south area but nothing was
observed that would constitute a definite 'zone.

Zone II is characterized by angular to sub-angular frag-
ments ranging Irom 1 inch to 10 feet in long dimension |
buﬁ averaging between 2-12 inches° There is no marked rota-
tvion of these fragments alithough considerable movement has
taXxen place in parts of this zone, probably by settling’but
dilation may have been of some iImportance. Much of this

zone resembles the stockwork breaking or "crackle breccia®

N

-—
~

bty

0]

>

.2 porphyry copper deposits. A well~bounded fragment
may oe cut by a finer network of fractures.

In some parts of Zone II the projected joint-fracture
pattern of Zone I can be identified and in other places
ihere has been enough non-rotational movement to obscure it.
in general the size of the fragment is much smaller ip Zone
II than in-Zone.I.

In the adit level at the Copper Hill mine, Zone II is

wzll-exposed and the non-rotaticnal character of the breccia

t&n de ascertained, because the foliation in the individual

Suartz diorite fragments still exhibits a common attitude.

-1

Zone III, where present, represents the innermost or

-

izniral zone of the pipes as shown on the idealized Plate VIII.
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This zone is characterized by marked rotation and mixing of
“ragments., The fragments are rounded, suborounded and locally

sngular. Some rounded to sub-rounded fragments have been brok-

o

n intd smaller angular pieces or cut by a network of incipi-

znt fractures. In many placeés the rounded fragments resemble

stream boulders and can be cescribed as a "rubble" breccia.

. iy Zone III shows some variations from a circular or ellip-
S, vical outline in plan. - Zone III exhibits sharp contacts with

Zcne II in some places and is gradational over 10 to 30 feet

in cther exposures. The vertvical shape and extent of this

zone oald not be determined,

Zone III is not present, or at least not exposed, in

many vipes in the district. It is well-develcped in the

Commercial, Copper Hill and Loma Prieta pipes. In the Copper

gg 3 nill adit, zones II and III have been féultéd together and a
P <
direct comparison can be made. Piate VII shows the rounded
25 15 suo-rounded fragments of gneissosé Precambrian quartz di-
' orite mixed with quartz monzonite ragﬁents of late Cretace- | 7

cus {?) or early Tertiary (?) age. The Loma Prieta mine was"

zompletely flooded in 1952, but Anderson (1945) indicates that
f:agments of different composition are mixed together. Por-
sions of the main Commercial pipe contain well-mixed, rounded

Y

cegments of a variety of rock tvpes.
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The general nature of mineralization within the pipes
was ascertained by studying the surface, accessible adits,
and dump material from fﬁocded or caved WOrkings, Unfortun-

1y most of the accessibls worki ings are in the oxidized or

artiy oxidized zone. Dump material is somewhat misleading

3

since it is mostly weste material and from unknown locations.,

Hy

Quartz deposition ranged from pe sive silicification

=

o

v
o partial replacement of breccia fr ragments to filling of
pre-existing open spaces. Some silicification and replace-
ment quartz is cuvt by guartz filling interstices between

e

(6]
m

Z ments and fractures, However, much structural read just-
ment took place during mineralization and there was continu-
“us recementing of earlier guartz by later quartz. - It is

sossivle that replacement cuartz formed in confined eareas

and the space-filling types formed in through-going trunk

Much of the replacement.quartz is a wh

'_;s

Te to gray, dense
varlety wnich is commonly acsociated with orthoclase. Both

™

1nerals, together or indi wally, replace breccia frag-
~#0tSs. Some of this replacement material resembles aplite or
tlaskite. Gilluly (1946, pp. 74-76) describes similar min-

L

¢craiizotion in the porphyry {Cpper deposit at Ajo, Arizona.,

’
1
[43)

b-2
&
(tge]
[
ct
o
o’
13
®
o
[}
(=
()
2]
¢
[&]
0
@3
(@)
(&

it 600 feet east of the Commer-
i3l rnipe 1s strongly silicified and the ori inal fragments
= . o
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The space~filling guartz is ccmmonly granular to glassyv
in appearance. Some is coarse-grained and crystals as much
as 1 inch in long dimension were observed projecting into
vigs between breccia‘fragments° A few lenticular veins of
coarse glassy quartz as much as 10 feet wide are present in

nd near some of the

3
’—)C

contains a few isolated feldspar ¢rystals.

In addition to feldspar and quartz, there was minor re-
piacement of fragments by sericite, biotite, and chlorite.

Hydrothermal alteraticn of the unsilicified country rock
within the pipes is obscured in the oxidized zones by much
iron-staining and secondary argillic alteration. There is a
wide range in intensity of hydrothermal:glteration as observed
mostly from dump fragments, and no attempt will be made to
present a detalled alteration picture. The original mafic
minegrals are completely bleached out in some specimens and
aitered to chlorite, serpentine, and biotite in others. Feld-
spars have undergone varying degrees of sericitization and
lccal argillic alteration. LOCally the original textures of
the igneous rocks have been completeiy destroyed but.in gen=
~ral the alteration is weak to moderate and the original rock
types can be easily identified.
vinere fragments are wellwmixed there is a2 difference in
invensity of alteraticn among adjacent fragments. This
12 probably due to the original vhysical and chemical differ-

~

tes ¢f the fragments. The quartz monzonite porpayry and

ipes. The massive glassy quartz locally
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and quartz latite porphyry fragments appear to be eépecially
esistant to replacement and zlteration,

In areas where the quartz is dominantly of the fissure
fiiiing type the alteration is, _ess intence and aprears to be
zvenly distridbuted through the individual frazments.

Alterauion'of the joint-.fracture area included in Zone I
is generally weak except alcng some of the stronger fracture
zones,-.- Original viotite is oniy partially bleached in many

-~

places and sericitizétion of feldspar is not pronounced.

Sulphides, essentially comprising pyrite, chalcopyrite,
and molybdenite followed the quartz and, for the most part,
deposited in cracks and veids within the quartz. Minor blebs
and veinlets of sulphide worked out intc the altered igneous
reck fragments. Thé mineralization is remarkably similar to
the common porphyry copper itypes.

The age of minor amounts of brown carbonate is in doubt,

out some 1s definitely post-sulphi deo

Structural considerations

The locale of the breccia pipes is within well-jointed
azd fractured igneous rocks., The magnitude and time of dis-
veacement along fractures in the homogenous igneous rocks

t¢ould not be determined.

IT is probadble that no single structural control is re-
ipbasisle fer the location of the piges., Mony are located at

-

s contact of Two or more i1zneous rock units. Several vipes
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sLructures to crackle breccia by forces other than tectonic.
7ne nature of the intersections of the joint and fracture
systems does not represeat an environment that would suggest

& tectonic origin for the breccia found in the plpes.

P s £ 5
clessiiizetion o1 steep coiunmnar or

d
tapular vodies of breccia have received much attention in

= D m e - ~ -~ PR <
S TYPEe Ol ITragnmenvs and nov e Srigili.
A S we e £ o= A At e o TAn - ie w1 < 3 b
ne origin of most brecciz pipes has been explained by

eV P Y . W T v VDS e PR 4 P
e 10diowlng vneories or oy moalilicatvlion aﬁﬁ/uf comoina-
e 2 = Aava .
ci0nls O uilels

& o

\ 4 LXPDL0S10n

\ oy - “ e o i A
(2) Friction (tectonic)
.

3) ZIgneous intrusion
(L) PFiuid intrusion

) Solution and replacement

—
b9 21

N
On
-

Mineraiization stoping

5

Shrinkage.,

-
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(L) Explosive action, generally thought be be associ-

ated with volcanism, is responsidle for openings that have

ceen dlown out by gas. The opening ma be filled with volcanic
Y & ¥ g

debris or fragments of country .rock. The opening has been
called "diatreme" and the filling is known as a "perforation™
pipe (Emmons, 1940, pv. 22.). Fowever, diatreme is often used

N - o -~ Pa B e 9 + Y
Lr'é TO reler o the filling as well as the

Colorado, is a classical example of this type (Lovering, 1950,
P. 293). Characteristic features of diatremes in the Hopi

suttes volcanic field, Arizona have been itemized by Eack

Criteria for this type of pipe include upward movement
material, introduction of foreim fragments, some igneous
aterizl, and intense fracturing and bdbrecciation.,
riction breccia formed ét the intersection of two
more faults or shear zones or at benas in one fauit may

¢rm columnar pipes of breccia. 'Commonly this type of pipe

-s irregular and changes notably as it passes from one wall
rock to another. However, fault intersections are important
&s locl for pipes essentiall& formed by other agencies. Butler
(2913, ». 126).and Kuhn (1941, p. 527) have emphasized frac-

591

(S

‘h

s oA
- By f 2
vas e 36 I

)
ct

ntersections as locl for pipes in the San

réncisco &re

Y

, Jtah, and Copper Creek, Arizonsa respectively.

o
£
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the physical force of intrusion has been noted by ma any authors.

mation of brecc

80

ia columns or dikes by

Lovering (1942, », 8) states:
"An intrusive push at & late stage in the
solidification of a magme may ceuse the
fracturing of a stock along lenticular or
chimney-like zones that ubda¢Ly have thneir
longest dimension parallel to the original
r.avy structure of the intrusion. In such
masses the small opening produced oy in-
Tensive breccilation may be subsequently
enlarged by reactive mineralizing solu-
Tions which dissolve some of the rock ad- -
jacent to tne individuzal. fractures-~the
first step in mineralization stoping as
suggested by Augustus Lockal

"L large number
pelleved to re
cn top of monz
edge of viscou
pebole dikes a

(L) Fluid

-
Tag iy ‘~7

2) gives an example of pebble dike
in the ZEast Tintic district, Utah.
of tThe pebble dikes is

oresent material riding

onlte or dragged along the

§ monzonite bodies, but some

re probably exblcs‘ve breccial

Wil explosion Ddreccia but is apparently more confined and has

&

cnaracteristic intrusive

phenomena.

9

The fluid involved is

-~

sssumed to be gas or liquid of magmatic derivation dbut does

noT involve magma.

Ll
I\
wn

suggested for a pipe-like mass i

]

ct
oy
L
ct




"...The fragments have been lifted to
their present state by a viscous mag-
matic dirfferentiatvel

370; advocated the following for the

M.eofrazments were treken from the under-
iying rocks by magma, or by Tluids ejected
Ircm the magma during volcanism and were
forced uy osward into rbcks above by a rela-
tively thick mudY
{5) Corrosion oy ascending solutions has been advo-

cated by Butler, (1913, pp. 126-129) for pipes in the San

i £

rancisco region, Utah., DButler's d;scu531o“ of the Cactus

5y

cre tody explains tne

ct
r
»
()
O
s
<
-]

"The rock has veen breccizted epparently
by slight movement, as no consicderable
fault can be traced from the ore zone.
Solutions passing through this breccia
zone nave greatly corroded the rock, so
that in places the fragments have the
appearance of rounded boulders., In this
menner the amount of copen space must

have greatly increased. Later this space
was largely filled by ore and gangue min-
eralsV

Butler further suggests that the solutions were rela-
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+3& Literacure indicaztes ca’t tae origin 0L

pipes is a controversial sudject. The observations of the
pipes in Copper Basin were iimited by inaccessible workings
and the fact that none of the pipes have been extensively

developed in depth, Thus it was thought wise to present the

tially relaved to the postulated orifice or funnel-

- S - 1
snayed root orf the stock,.
L M A~ oy B NI =S e 2 - 2
<. i0& pipes Irormed after solidification of all the

P e e o R o~ 9 m 2 [ oY P
orior to emplacement of the late lertiary (?) rayo=-

ne depth eéxtension is only known over a max-

imum distance of 400 feet, but they appear to be near:

vertical columnar pipes.

~ E ol »: - ™ -
“o Lertain prpes formed at the contact of two or more
T~ - £y 2 a2 e
~gneous rocxs. Others formed within one waiform

LEN80UE Totk,
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