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COBTROL OF ORE BY PRIUARY IGWEQUS STRUCIURES:

PORCHER ISIAND, BRITISH COLUYBIA
By

Alexender Smith

INTRODUCLION

Happing inbernal sbtructures of an intrusive has proven of
value in quarrying but only about a dozen exemples appear in the
literature wherein metalliiferous deposits in intrusives were found to
occupy feabures such as cross jJjoinbs or marginal upthrusts ..,
{Bomons and Grout 1935), (Kerr 1936), (Barr and Gardner 1940). This
study therefore is presented as an sdditional example of structural
control of an ore depusit by primasry igneous structures. The lode
deposits deseribed in this paper show a rigorous control by a rela-
tively small primery flow structure, an arch of flow layers.

The area studisd is the northwest porbtion of Porcher
Islend, Be C» (Fig. 1). The principal deposits are those of the Surf
Point and Ldye Pass Mines. These properties lie about 25 miles south-
west of Prince Rupert, B. C., the western terminus of the northern
branch of the Canadisn Natlonal Railways.

The climate is wet and equable. Tenperatures remein below

freeging for only & few weeks each year. The region is for the most



part heavily forested with spruce, hemlock and red cedar, but
adjacent to the mines, muskeg, moss and scrub cover moest of the area
mapped. Although bedrock commonly lies within a short distance of

o

the surfece, ouberops, excepbing along the shoreline, in the nine work-
ings and st higher slevaetions, ere isolated and small. However, as &
result of Plsistocene glacietion, they are of fresk rock. The relief in
the ares mopped varies from sea-level to & meximum of 2200 fest on the

ridge south of Surf Point Hine.

Bravious Tork in the Ares.

The geology of the coastline and islands of the northerly
porbion of British Columbie has been mepped and described by V. Doluage
{1522). The progress of the properbies has been reported on from bime
%o tinme by J. T. Mendy of the Provincial Department of liines (1928-1938).
R« Be Legz (1934) hes described the milling methods at Surf Point and
He Ve UWarren end J. Ms Cummings (1936) conducted a microscopic investi-

gation of the ores.

Purpose and Bxtent of the Present Study.

The primery purpose of this investigation was to debermine
the structural comtrol of ore beodies In a quartz-diorite stock thereby
furnishing e geclogienl guide in the development of the deposits. The
principles and technigue employed were those developed by Hams Cloos

and his eo-workers and admirebly deseribed by Rebert Balk (1937) in e

recant memoir.



Struetures were mapped in great deball. The accompanying
Plates I and I are generalized from field maps, of seales 1" = 300!
and 1" = 100' respectively, on which hundreds of flow and fracture
orienbations were recorded. Napping was not confined to the ares dese
eribed in this report bubt was exbtended to include adjoining areas snd
adjacent islends. Since this work did not add materially to the inter-
prebation of the ignecus structures, it has been omitted from the present

report.
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(ENERAL GEOLOGY

Reletionship of the Area to the Coast Range Batholith.

The quartz-diorits stock in which the ore deposits occur is
e satellite of the composite coast renge batholith of Upper Jurassic
and Lower Cretaceous ege (Buddington smd Chapin, 1929, p. 252-253).
The wesbern sen%aatraf the main batholith lies ebout 20 miles %o the
easte To the west of the massive batholithic rocks thers is, along the
coast and islends, & wide gone in which older rocks are injected by
smaller bodies of Coast Renge intrusives. Porcher Islend lies in this
wostern marginel zone. luch the greater part of the island comsists of
older rocks but there are numerous smell end & few larger bedies of the

inbrusives (Dolmage 1922)

Geologic History

The significent events of the geologic history of the map

ares are sumearized in Table 1.

Prince Rupert Schists.-The Prince Rupert schists are

highly metamorphosed rocks contalning verying smounts of emphibole,
pyroxens, chlorite, mica end garnet with & few layers of limestone
included (Dolmsge 1922). They are Carboniferous and/or Trisssic in
aze. In the area covered by this report the Prince Rupert series are
yrinéipally amphibolite schists derived by dynemic metamorphism of

sndesitic and basaltic flows, tuffs and sills. The schists ghlained



TABLE 1. Geologic Columm

Age History Formation Litholegy
Recent Post placiel wplift.
Pre-Fleistocene Long peried of erosion with repesated Dikes Andesites
uplift and peneplanation. Inbrusion Basalts

of small dikes.

et e S e N b e

Uppsr Jurassic Ore deposition in guartz-diorite Veins Auriferous

stocks quartz~pyrite
veing.

Faulting along N30E shears and
assocliated movements.

Upper Jurassic Intrusion of the Coest Range Coast Range Quertz-diorite
batholith and the associated minor intrusives. grenodiorite
inbrusives of the map area. gabbro.

Upper Jurassic Dynamic metamorphism of the rocks Prince Rupert Amphibolite
of the Prince Rupert Series. schists. schist.

Carboniferous and/ Vuleanism and sedimentation Prince Rupert Andesites

or Triasssioc series. Basalts




their present characteristics prior %o the injection of the smell Coast
Renge inbrusives of the map area. Their metemorphisn however is assow
ciated with the intrusion of the batholith (Buddingbon smd Chapin, 1929,
De 293=208 ).

The regional strike of the schistosity is northwest with an
aversge dip of 50° to the northeast. Bedding, in the few cases where i%

could be determined, parallels the schisbtosity.

Coast Ranpge Intrusives.-In addition to the quarbz-diorite

stock, one swell mess of gabbro and numerous sill-like injections of
grancdiorite are found in the map area. The gabbre oceurs Lo the sast

of Little Useless Creek as & small isolated body in the schists.

Quartz-Diorite.~The quartz-diorite (tonelite) stock in which

the veins occur is about 1 3/4 miles in diameter. It is subcircular in
outline, the contact is feirly reguler without large protuberances or
re-entrants. The intrusive is rather uniform in composition and texture
but there is & slight change towards the core where the rock becomes more
leucocratic and approsches & granodiorite in appearsnce and composition.
This gradebion between quarbz-diorite and granodiorite is common in the
Coast Renge batholith (Dolmege 1922, p. 15)s Smell grey inclusions,
characteristic of the normel quartz-diorite, become scarcer towards the
central portion end are not present in f;:}';a granodioribe core. There is
no well defined basic border facies in thé inbtrusive nor any noticesble
zone of thermal metamorphism in the counmbry rock. Although the aetual

conbact with the schists is rarely exposed it appears to be fairly sharpe.



Granodiorite.-8ill-like bodies of granodiorite, ranging in

thickness from & few inches to several hundred feet, inbrude the schists,
often in litepar«lit relatiomships. In the mep aree the volume of grance
diorite that has been injected into -‘aﬁe schists more then egquels the
volume of the schists. In the field this granodiorite can readily be dis-
tinguished from the normel quartz-dicorite by its more leucoccratic appear-
ance and the sbundence of smell barren quartz veinlets. Megescopically it
is gimilar to the pgrenodiorite cors of the satellite.

The age and structural relationsiips of the grenocdiorite
injections with réspeet o the guartz-diorite are not clear. Although
the sreal distribubtion of the grancdiorite is widespread and is not related
to the quartz~diorite satellite s yet in the map area their relationship
might suggest that the éranodiori‘t;e was & lit-par-1it injection into the
schists of an seid phase of the guarts-diorite megma. There is no evidence
indiceting that the grenodiorite sills are later than the stock. Nost of
the injections probaebly preceded intrusion of the sbock, but the structural
relations along the western margin of the stock suggest that some may have
been injected during the intrusion of the stock as offshoots from the

guartz-diorite magma.

Ore Deposits.-iollowing the intrusion of the guartz-diorite,

fanlting occurred in, end adjacent to, the stock along shears trending
H30B. At the same time movement slong ére-»exigting; Joint plenes formed
the future ors-bearing structures.

The ore deposits are suriferous guarbze-pyrite veins with the

values enclosed in the pyrite as minube blebs of telluride and free gold



(Warren 1936). They are of a rather high temperature, close to hypo-
thermal origin. Individual querbtz velins very in width from e fraction
of an inch up to 2 or 3 feet. The average assay of such vein maberisl
is of the order of 1 ounce gold per bon. The pure pyrite assays about
8 ouunces gold per bton. A few small veins occur in the schists near the
contact but most of the weins lie within the guartz-diorite in a zone
trending W20B. They very in sbrike from N30E to S80E end dip from 60°N

to vertical.

Post~0Ore History.-Besalt end sudesite dikes cut the schisbs,

the quartz-diorite and the ore. They ars the only post-ore formations
in the area. These dikes may be much younger than the ore deposits.
Basalt and endesite flows and dikes of Tertiary and Quaternary age are
found in nearby areas on the coast (Dolmage 1922).

The Tertiary history of the region is one mainly of repeated
uplift and erosion. Pleistocene glaciation stripped the mep earea of all

weathered rock, soil amd detritel deposibs.



PRIMARY FLOW STRUCIURES

Introductory Stebement

Exeept in the core of the sbtock, flow layers, though faint,
are clearly discernible. There is = good platy sligmment of small
tabuler inclusions end hornblends erystals. However, there ave no well
defined schlieren, basic clots, or segrepations into light and dark
bands. Flow lines, resulting from the sligmment of slongated inclusions
end hornblende, have an almost constent trend. They often lis in the
plane of the flow layers but flow lines oveur in which the trend is at

veriance to the plane of the flew layors.

Flow Layers.

Near vhe margins of the intrusive flow layers invariebly
parallel the nearest contact. On the northeest end southwest margins of
the intrusive, the contact and the flow layers parallel the trend of the
intruded schists. Alongz the western combact, in the northerly section,
flow leyers 'and conbact strike mortheast at a high angle “i:,é; the trend of
the schists. Towards the south the intermal structures oﬁ’ schist end
intrusive again become concordent.

The most striking structural feature im the intrusive is a
well defined arch of flow layers. (P‘ie:ta; I and II). The axial plene of
this arch strikes N20E and dips about 85° southeast subparallel to the

trend of strong N30E shears. The northerly plunge of the arch increases
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from 55° at the north conmbtact to over 85° near the core. The flow
layers in this arch are arranged in a nose compareble to a steeply
plunging snticline in sedimentary rocks. On approsching the axils
from the flanks, the flow leyers become more nearly parzllel o the
sxiel plone of the arch, i.e., bownrds the axis the structure becumes
tighter and isoclinal.

Southwerd along the exis of the arch the flow layers
become feinter unbil in the southern portion of Surf Point Mine worke
ings (Pl. I1) they cennot be distinguished slong the sxis although
they aressill strongly developed on the {lenks. IHere there is
locally & divergence between the platy alignment of inelusions end of
horublende {Fige. 2) with the inclusions forming & more open arch. In
this core zone the guartz-diorite gredes into o more leucocratic roek,
e grencdicrite.

The arch of flow layers probably continuss wsouthwerd of
Surf Point YMine. As the flow layers along the southern margin of the
imbrusive dip 65° north, these layers, combined with the arch of {low
layers may form an ellipbical funnelelike structure, pitehing northeast
and bapering upwards. (Fige. 9). Other less well defined arches ceours
Ho detailod field work was dme on the southesstern porbion of the stock,
hence on the map (Pl. 1) the lack of detail does not indicate thet the

intrusive in this sectlon is devoid of flow structures.



Plow Lines-

Linsar structures in the quartz-diorite are neither as
widespread nor as easily identified as the flow layers but their trend
is more regular. |

Along the northeast margin the flow lines subparallel the
dip of the overlying schists, i.e., pitch 55°NE.

(n the arch of flow leyers, the lineation trends almost
parallel %o the axis but has a more gentle snd constent piteh of
about 55°NE. on the flanks, flow lines dipping sbout BO°HE ocour withe
in the plane of the flow layers. Locally a lineation with this trend
is found where flow layers are not dis‘eemibl}a‘( Exzceptions to the
relatively constent trend of the lineatiocn occcur on the axis of the
arch where flow layers dip steeply (80°). Iere flow lines are uncommon
but occasionally e linestion of variable pitch, somebimes horizombal,
is found in the plane of the flow layers.

If one were to disregard the plaby structures and plot only
the flow lines the stock would show & regular pattern of linear struce
tures striking N20-30E end dipping sbout 50°WE. ¥No arch or nose would
be apparent« The general itrend of the lineation is slightly more

easterly than the W20E axis of arch of flow layers (Fig. 4).



JOINT PATTERN

General Statement.

The joint systems in the guarbtze-dlorite are more closely
related in orientation to linear struebures in the inbrusive end
regional jointing in the schists, then to the arch of flow layers.
The attitude of the flow layers, however, influences the frequency
and @ﬁraisﬁ@nﬁy of jJoints of a given orientation. Several prominent
jolnt sets ocour in both schist and intrusive but the age and genebic
significance of these joints may differ i@'ﬁh@ two rocks. Cerbain
types in the intrusive have been classed zs primery joints, but this
designation is not nearly as clean cub ss in the case of some larper

imtrusives described in the literature (Balk 1937, p. 97-117).

Joint Bystems.

Table 2 summarizes the informetion regarding the principal
joint sets in schist and intrusive end thelr relationships to flow
strucbures and schistosity (see also Figure 3). These types may vary
10°-15° in strike or dip from the oriembation given. In the schists

&

this verisbion seems systematic snd in sympathy with a change in the

<

trend of the schista. Looally obther sebs of joints oeour but they eare
less numerous and consbant than the Htypes describad.

The ege relationships end genebic significance of the
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TABLE 2. Joint Sets.
p——cm——
& Orientation Rock Cheracteristics Relation to flow System
structures or
schistosity
Strike Dip Persistency, Spacing Filling
etec.

Sche Continue imto inbru- Basalt Nearly normal %o Tension *
sive-nearly parallel  dikes schistoslity. Jointse.
to HN30E shears.

¥20~30E  75-908E :

Inte Continue into schists Basalt Parsllel to trend Primary

dikes of flow limes end Longitudi-

axial plane of arch nal joints?

of flow layers. *
e A e B e o e e e e e S S SRS
Sche. Common, persistent, Plane of schis- Plane of
parallel to tosity (plane schistosi-
schistosity of meximum shear). ty.
N40® 50NE
Int. Common only south of
mines. Spacing B-30° T
persistent.
Sche Common, persistent Complement of plane
spacing 1«5t of schistosity.
Plane of meximum
shear.
N4o0w 508w
Int. Even remarkably per- Gouge, Nearly normal to Primary
sistent spacing Pyrite, flow lines. cross
10*-50" slickensides Andesite joints? *
dikes.
Sche ot persistent Diagonal to Diagonal
schistosity Joints?
Wrsw 858508
Int. In gones of closely Quartz- Diagonal to flow Primary
spaced joinbts along pyrite lines plemes of Diagonal
arch of flow layers,  veins. shear. Joints?,
scme slickensides
Sche Not persistent Diagonal to Diagonal
schistosity joints?
N65E 55=-85NE
Int. In zomes of closely Quartz- Disgonal to flow Primary
spaced joints along pyrite lines. Planes of  Diagonal
arch of flow layers, <veins shear. joints?
some slickensides. *

*Joints of this type are descrided by Balk (1937, p. 27~-42).



%arious types in schist end indrusive are not fully understoode In

the schists many of the Jjoints may heve formed prior to inbrusion.

Types common ‘to both intrusive end schist msy be either related to the
intrusion or of post intrusive age. EHven sorw of the primary joints in
the intrusive could be sxpected to have the same oriembation as oldsr
joints in the schists for joints (type 1 smd 2, Teble 2) in the schists
played an importent part in the emplecement of the guartzediorite. Flow:
lines vhich control the orientation of primery joints in the intrusive,

parallsl the dip of the schisbts.

Primary Joints in the Intrusive.

Joints of types 1, 3, 4 end § in the intrusive might, on

the basis of their orientation reigtive to the limeation, be classed as
primary joints (Balk 1937, p. 27-42). They would be longitudinal joints,
{(type 1); cross joints, (type 2); and diagonal joints, (types 4 and §).
Their persistency, spacing, surface characteristics and f£illings correse
pond closely to descriptions given in the literaburs. However some
doubt on their primary origin is cagt by the ocourrense in the schists
of joints of similar orienbtation, and by anommlous featurss such as an

unusual orientation of slickensides on disgonal jointse.

Influence of Flow Layers on Joinbing.

On the arch of flow leyers the orientation of the primary
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joint system is spparemtly little affected by the changing attitude
of the flow layers. Yebt, in sny par%ibn of the structurs, the
continuity end spacing, and even the types of joints which occur, are
governed largzely by the attitude of the layers.

This centrol results probebly from the structural anisoe-
tropy of the guartz-diorite. The plame of the [low layers is one of
easy splitbing. It is difficult for the rock Yo split along planes at
engles of 20°-70° o the flow layers except on plames including the
lineation.

In the northerly portion of the arch, disgomael joints arve
conspicuous where the crientations of flow layers and joints coineide.
This occurs prineipelly slong the exis of the archs At Surf Point iine
in the central asree of the stock where flow layers are faint, zanes.of
closely spaced disgonal joints (types £ and 5) are strongly developeds
but on the flanks, where strong flow leyers lie at a hich angle ‘o
these Joint dirsctions, these zones of close jointing die oub. EBven
the cross jolmts (types 8) seem to be more frequent end persistent in
the cenbtral arssa.

This combrol of jointing by flow layers has in turn in-
fluenced the ore-bearing struckures as will be discussed in e labter

sections



LIODE OF BUPLACEIENT OF THE QUARLZ-DIORITE

Theory of Intrusion Developed by H. Cloos.

Bef'ore discussing the mechanics of emplacement of the
quartz-diorite it will be desirable to summerize the theories
developed by il. Cloos (1925). The following paragraphs are abe

stracted from Balk's discussion (1937, p. 78«B83).

During the early stages of intrusion it is believed that

a highly mobile magma or crystal mush intrudes & relabively
rigid and mechanically resistant erust. Such a mass must
encounber o maximum of rebardetion. of motiom slong its con-
tect planes. Segregetions, inclusions, and tabuler erystals
will be drawn out into flow layers (schlieren) which thus
develop spproximetely pearallel to the nearest conbact.

As more end wore megme inbrudes, the mechanicsl resistance

of the crust is weskened, and the roof or flanks of the
chexber begin to yisld by folding or faulbing. In this
second stege the adjacent crust partekes in the mobtion of the
igneous core. There is no longer slong the contact the
extreme friction and reterdation of the magme which in the
earlier stages formed the schlieren. Lineer flow structures
which disregerd loeal conbact pleanes form in the direction of
maximun linear expansion. For hundreds of square miles, the
projected strike of flow lines may be counsbtant, even if the
older schlieren vary in strike end dip. Fresumably, where
{flow lines lie within flow layers, the individuel greins hed
enough fresedom to move slightly within the plane of the layers.
A few cases are kunown where isclabed flow layers dip more
steeply than doss the pitch of the flow lines between the
leyers. lineral grains within flow layers rich in ferromeg-
ussien crystals mey not have been free to rotate any longer,
but crystels in the more mobile surriunding megma mey have
been arranged in accordance with the feeble linsar elongation
of the magma. The older an arch of flow layers, the longer it
will have participated im the subsequent arching, thus
etbaining steeper dip engles.



Application of Theory to Structures in

Guartz-Diorite Stock.

The {flow structures in the quartz-diorite conform closely
to the theory outlined sbove. The parallelism of the layers to the
nearest conbact is very nobiceable. The conshbant pitch of the lines
tion To the northeest indicates thet, during the second stage of
emplacement the direction of maximmm slongation of the querta-diorite
magma for the levels exposed was upward to the southwest, i.e., up the

‘dip of the schists.

Origin of the Arch of Flow Layers.-The origin of the well

developed arch of flow leyers might be explained in several ways.
Among; the possibilities are-

1. Prior to intrusion a steeply dipping, northeast trending
shear (or joints of type 1 with similar trend) was present in the area
now ogcupled by ﬁhe arch of flow layers (Fig. 5). The earliest TALIG
rose nearly verbically in this shear, graduelly prying it open to the
northwerd end developing the steep arch of flow layers im almost its
present form. In the sscond stage the magms enlarged its chamber by
mushrooming out mainly to the northeast of the shear end by doming its
cover. The linear structures indicate that the greatest elongetion of
the igneous body during this later stegg paralleled the dip of the
schistsa.

2. The magma rose from the northeast paralleling the schibte

osity (FPigs 6)s Tlow layers were developed,dipping northeast parsllel



parallel to the contact. The magma chamber inéraased in size by
faulting along the NE trending shears. In this explemaetion the shears
need not have been of pre-intrusive ege. If they formed as a result of
the forces of intrusion they could have followed planes of weakness
provided by joints of typs l. in the schists.

The offset of the cover alomg the shear folded the flow
layers into the steeply plunging earch. The occasional almost horizontal
lineation found in the steeply dipping flow layers on the sxis mey have
formed during this folding.

3. The walls of the megme paralleled the schistosity on ‘the
northeast conbact, end the N30E joints (type 1) on the northwest
contact (Figs 7). Over the area of the arch of flow layers megme rose,
alonz a shear or zons of weekness, above the genmeral level of the roof.
This upsurge of wmagma %o higher levels formed the arch of flow layers.

There is no conclusive field evidence to indicate whieh of
these albernetives is the mode of origin of the stock. The writer
regards 1. and 2. as being equally probsble. There is no preof, in
case l., of a pre-intrusive shsar or of mushrooming of the chamber, or,
in case 2. of actual folding of the flow layers. (ase 3. offers an
explanation only for the steep arch of flow leyers and does not apply
to the intrusion of the entire stocks

Whatever may have been the origin of the arch of flow
layers it is evident that strucbures in the schists, the plane of
schistosity and the N30E shears or joints, exerted a marked control

during the esplacement of the intrusive snd the development of the arch.



Evidence of Forceful Intrusion.-Bnlargement of the magme

charber by movement along the N30E shesrs in and adjacent to the
intrusive indicates that the megma was foreibly injected inte the
schists. In %hqaarly stese of intrusion of the stock, prior %o the
faulting along 30E shears, litepar-lit injection of & leucocratic
phase (grancdiorite) of the guertz-diorite magme into the schists may
have aided in the éﬁlargemam of the chexber. An upbowing or doming
of the schists elong the northeast contact and 2 pushing aside, on the

southwest margin, mey have been caused by the push of the meguwe.

Form of the Quarte-~Diorite Intrusive.~If one were to pro-

ject the intrusive conbacts on the basis of orientation of the struc-
tures in schist and intrusive, the quartz-diorite mass would taper
wpwerds with a northeastern cén’me'l; dipping 50°NE end the northwestern,
southwestern and southern contects dipping more steeply towards the
central portien of the stosk. The intrusive is a subcircular stock
whose axis plunges northeast at about 55°-60°. At depth the body mey
continue to parallel the trend of the sehists (Fige 6) or it mey be
more res*sricﬁsed. to a N30E shear (Fig. 5).

Such projections should be used with caution. Flow layers
near the margin would not show the influence of a sudden change in
the direction of the conbact a few hundred feet distamt. However, such
2 change would probably be reflected in the lsyers abt a greater disteance

from the mergine.
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THE ORB-BEARING STRUCIURES

Introductory Statenent.

‘i‘he ore deposits occoupy fauvlits and zones of close joiunbe
ing on the arch of flow layers. Veins lis btrensverse bo the axis but
the ore~bearing zone extends along the axis. The structures were
formed by movemends, individually of smell megnitude, acting on pre-
existing joint ?.‘I.m@s; The persistency and freguency of these joiuts,
as discussed obhove, is‘ determined by their veletion to the arch of {low
layers. The forees which ceaused the movements were probably directly |
related to the intrusion of the guartz-diorite stock. Structures
developed by regional stresses con?sr§1led the emplacement of the stock

but it is not known if such stresses were present during intrusion.

The Ore-Rearing Structures.

‘?he oubstanding feature of the ore-bearing struchures is
their control by primery flow and fracture patterns. There are two
main gtructural types of ore deposit, (o) those ocoupying well delined
fissures {faults), end (b) those occourring in zones of close jolnbing.
A1l gradetions between these twe types occur. The former are the more
persisbtent; the latter, though of 15.11@‘1'&32& extent laterally and verticel-
1y, often conbtain higher grade ore.

To the north of H vein (Plate 2) the veins sre of type (8).

Here the {low layers are strongly developed on the exis of the arch.



Where the disgonal joints (bypes 4 and 5) parallel the plane of the
flow layers then joints of these orientations are common end persis-
tent. Faults, or fissures, have formed slong the plane of the flow
layers end primary jeints. These structures are sirong where they
develop parallel to the flow layers on the axis of the structurs but
die oub on the flanks where they transect the flow leyers. Several of
these fissures curve slightly in concordsnce with the curve of the
flow layers on the flanks before pinching ouk.

South of H vein meny of the veins are of type (b). The
flow layers sre poorly developed along the axis but strong on the
flenks. Movement has been chiefly slong the sets of close diasgonal
joints (types 4 end 5). Ore-bearing structures may roll from one set
to the other« With the exeaptieﬁ of B vain the displacement has been
small, generally insufficient to offset the cross joinbs (type 3).
The persistent southwest dipping eross joints (type 3) form the roofs
of many of the ore shoots.

B vein occuples a shear zone in which the quartz-diorite
has been in part mylonitized. Wovement has been sufficlent to offset
the cross joints at least 7 feet. A draw lies on the continuation of
B vein to the svuthwest. It is probably underlain by a strong shear
of the N30E type. It is significant that no worthwhile deposits heve
been found south of B vein.

In addition to those on the axis of the arch other veins
ocour, but here too the conbtrol by flow .}.a;yers is spparent. ALt Edye

Pess Mine D5 vein occupies & persistent fault paralleling the flow
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layers, and joints of type 5, on the limb of the arch. D3 vein liles

in one of the strong W30E shears. Thi.x;s shear zoune of highly mylonitized
rock is over € feet in widbth. It continues across schist and intrusive
regardless of orientation of flow structures, nevertheless, quartz-
pyrite lenses occur in this structure where the shear parallels the flow
layers. Veins near the mouth of Litile Useless Creek also parallel the
flow layers; oue of these veins lies tremsverse to & minor arch of flow
layers.

Direction of Movement on the Ore-Bearing Structures.~-It is

difficult to measure displacements on ths ore~bearing structures. The
date obteined indicabe movements were such thet the result wos a
lengthening of the intrusive, in the area of the arch of flow layers,
(Fige 3), ina northeasterly direction. This lengthening was nearly
parallel to the axial pleme of the arch snd the trend of the lineation.
The slickensides all have plumges of low angles. Such movements would

tend to widen the chennelweys for the ore~bsaring solutions.

Origin of the H30E Shears.

Inasmuch as the ore-besaring structures and the N30BE shears
probably resulted from the same stresses, a short discussion of these
shears is pertinent at this point. ‘

Although N30E joinmbs (Lype 1) are common in the ares, it
is only within a mile of the intrusive that conspicuous shears of this
orientation oceur. Three of these shears lie to the west of the in-

trusive. D3 (Plate 1) shear cubts both intrusive end schist. These four



structures sre remarkebly streight and persistent; they can be
reedily treced as drews (depressions) on the surface. A similar drew
conbinves southwest from B vein. In the eastern part of the sbock the
parellelism of the southern portion of each of the three forks of
Little Useless Creek suggests conbtrol of the drainage by similar frac-
tures.

Faulting along these shears took place after solidification
of the quertz-diorite, at the levels now exposed, and preceded ore
deposition. Although these faults do not bear the same relastionship to
the contacts of the intrusive as the gemtly dipping marginal thrusts
and normal faults deseribed in the literature (Balk 1937, p. 101-111),
nevertheless, they may have served the sawme purpose, nemely, to lengthen
an expanding intrusive, already scliﬁified at its mergins. |

Contacts and slickensides on D3 shear suggest that the
southeast side of the foult moved almost horizontally northesstward in
a manner to be expected if the intrusive was expanding by pushing north-

easterly.

Origin of ths Ore~Bearing Fractures.

The ore~bearing fractures probably were formed by the same
stresses as the N30E shears, bub in this case the mauner of relief was
not by & long coniinuous fault but by e series of much smaller movements
involving the joint planes already developed on the axis of the arch of

flow layers. The effect however was the same, mnamely, to aid in the



oxpansion of the magms chawber to the northeast.

The easiest relief to the stresses was spparently by move-
ment embracing the transverse joint plenes rather than by the formation
of a through-going shear along the axis. That the stresses were the
same is indicsted by the preseunce of a northeast trending shear to the
south of B vein.

The elongation to the northeastwsrd would not be a simple
dilation in thet direction. In the area of D3 and the axis of flow
layers the maximum northaastward.mnvameﬁt occurred to the southeast. A
shearing sbtress would exist in the sres (Fig. 8). The effects of such
a rotational stress are discussed by Mead (1920). Relief to this stress
was by Pfaulting slong D3 shear and by the smaller movements along the
B8xis, Tha‘diyecﬁian of maxlmum elﬁngation in this rotational stress
would be northeast.

The action of this shearing stress on the morthwest portion
of the inbtrusive explains the nearly horizontal slickemsides foumd on
the joints and ore-bearing fractures (Figs. 3 and 7). If this coupls
were effective during the earlier staeges of the intrusion it may have
caused the progressive eastward rotation (Figs. 4 and 7) of succeeding
primary structures: axis of flow layers, flow lines end the normal to

the cross joints.

Extension of the Ore Zone.

The structural control of the deposits having been established

by mapping of internal structures in the intrusive, it is of interest to



see whet predictions can be made ess o the probable lateral and
vertical exbent of the deposits.

The veins were formerly considered to occupy tension
eracks of limited vertical range (200'-300'), formed by cooling near
the roof of the intrusive. Reconstruction of the form of the intru-
sive, using the flow structures, platy snd linear, and the trend of
vhe schists, indicates thet veins of Surf Point Mine lie a distence
of the order of 1000 feet below the roof of the stock. Hence a much
greater vertical range for the ore zone is supggested for the deposibs.

The lateral extent of the zome is limited by the arch of
{flow lsyers. At depth the deposits should conbtinue to occur alomg the
axis of the arch, i.e in & zone sbriking N20E and dipping BOSE. Within
this zone the maximum concentration of ore occurs at present levels
between H and B veins. WThether this results I'rom the change in the
charecter of the iantrusive snd vein structure, or from sn increase in
the strength of ore~bsmring struchbures on approaching the shear south
of B vein, is not known. In sither case the maximwm concenbration withe

in the ore zone should rake steeply to the northeast.



SUMMARY AND CONCLUSICONS

The quartz-diorite stock in which the ore deposits occur
was forcibly injected into older schists. The planes of easy parting
in the schists, schistosiby and tension joints, conbtrolled the oube
lines of the iubrusive. In the stoek an arch of flow layers formed
early. The succeeding linear struchbures had & consbant trend.

Primary joints had fixed orientations but thelr persistency, freguency
and location were controlled by the arch of flow lsyers. The intrusive
expanded partly by movement along H30E shears snd partly by movements
involving the joints already developed along the axis of flow layers.

The sequence = flow laysrs, flow lines, primery joinbs,
ore-bearing structures - is directly related Yo the mechanics of the
intrusion. The ore-bearing solubtions probably came in shortly after
the development of these structures, and originated as an end product
of the consolidation of the magma at depth.

Vapping the inbermel structures of intrusives in which lode
deposits occur may yield guides to prospecting end development. The
application of Cloos' methods may give valuable information on such
practical considerations as the form of the inbtrusive, the order of
depth of known deposits below the contact, an estimation of the vertical
range of the deposits, the strike, dip smd rake of the ore~bearing zone,
and may indicate favorable and mnfavorsble areas for prospecting or

exploration.
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ABSTRACT

The general strike of the metasediments in
the area iékN.15°W. with dips at medium angles to the
northeaste. The limestone deposits at Crestmore and
Jensen quarries are, however, on minor folds whose axial
planes strike N.70°E.

- S%ructural features which piteh easterly
at ~-50° are (1) the general 4ip of the sediments (2)
the axial line of the folds in limestone (3) the flow
lines and dip of flow layers in the Perris quartz dio-
rite (4} the dip of flow layefs in the other intrusives
(B) the axis of the girdle maxime for calecite optic
axes. This direction is thought to be the g tectonic
axis.

Strong optic axes maxime normal to the ton-
alite contact indicate the intrusive was foreibly in-
jected and that the magma exerted pressure normal to the
contact on the limestone. An unususl feature in the
quartz diorite is two sets of flow layers having in com-

mon the flow lines therein.



INTRODUCTION

General Statement

The quarries at Crestmore, Riverside County,
California are a famous mineral locality. Over 100 niner-
als have been described from the contaat.meﬁamcrphic assen-
blage at Crestmore in some thirty articles in the litera-
ture. The distriet also has many interesting problems in
petrology snd structural geology. The intrusives show
primary flow structures and the limestones are suitable for

peorofabric studies.
Previous VWork in the Area

The mineralogy of the locality has been ade-
quately described in the literasture. Numerous papers by
A. 8. Bakle, W. F. Foshag, A. F. Rogers, E. S. Larsen and
others describe individual minerals, J. W. Daly (1931 &
1935) presented the first comprehensive report on the geol-
ogy of the deposits and the mode of cccurrence of the con-
tact minerals. A more recent paper by Woodford, Crippen
and Garner (1940) in addition %o presenting much new mater-

ial, summarizes the earlier literature, contains a revised



list of more than 100 Crestmore minerals and lists a bibli-
ography of 28 articles dealing with the locality.

The general geology and physiography of the
Perris block is described by Dudley (1935 & 1936). Osborn
(1939) made a detailed study of the structural petrology
- and composition of the Val Verde tonalite outeropping some

12 miles to the south,.
Furpose and Extent of Present Study

The presént paper is prineipally coneerned with
the internal struectures in the intrusives and ad jecent line-
stone. No detailed study of the complex mineralogy at
Crestmore was made. It was hoped ﬁhat additional informe-
tion on the origin and wode of occurrence ¢f the minerals
could be obtained by use of structural petrology. A4Also that
a gorrelation of the primary flow structures in the igneous
rocks and the petrofabric pattern in the limestone might aid
to clarify the mechanies of intrusion.

Detailed maps were made of the Cresitmore and
Jensen quarries on 8 scale l"ﬁ§0'. Flow structures in the
intrusives of the eastern part of the Jurupa Mountains were
plotted on scale 1" = 1/4 mi. This area of about 1l square
miles had been mapped by Daly (1931;.

Oriented specimens of intrusive and limestone

were taken from the 660 level of the mine at Crestmore. As
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the limestone is too coarse grained for the usual petrofab-
ric analysis using the universel stage, a method was devig-
ed whereby the optic axes of the crystals could be measured
under the binaeular miecroscope. The results of fifteen

analyses fromhcrestmsre and three from Jensen guarries have

been plotted.
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GENERAL GBOLOGY
General Statement

Crestmore lies at the eastern end of the Jurups
Mountaing, an east-west range paralleling the front of the
San Gabriel Fountains. The district is part of a conspic-
uous topographie unit nemed by English (1926) the Perris
Fault Bloek (Fig. 1). The block is about 20 miles wide
and ié bounded on the southwest by the Blsinore trough and
on the northeast by the San Jacinto fault, It appears to
have been down~faulted with respect to the higher San Gabe
riel and San Bernsrdino Mountains! The flood plain of
the Sante Ana River and @éssociated dune sands cover much
of the area in the vieinity of Crestmore. The Jurupa
Mountains represent higher portions of the bloek that rise
above this plain. |

The oldest rocks in the district are a series of
metamorphosed sediments. These are intruded by five dis-
tinet plutonie rocks apparently related to the seme general

period of igneous activity.

Metamorphlic Rocks

Daly (1985) proposed the name, Jurups SDeries,

for the metamnrphoséﬁ sediments of the map area, The



lower portion of the series consists of quartzites, quartz
biotite schists and gneisses having a total thickness of
over 3700 feet exposed. The base is cut off by intrusives.
This portion of the series Daly called the Undifferentisted
Complex.

Lying conformably on the complex are the lime-
stones which are quarried and nined for cement manufacture.
4% Crestmore the commercial limestones ocour at two hori-
zons separated by 75-100 feet of quartzite and schist.

The lower horizon is known as the Chino lime-~
stone. This member is & white, bedded, coarsely granular
marble. Graphitic beds believed to be derived from the
metamorphism of carbonaceous beds are common near the base.
Bands of yellowish ecaleite-brucite rock, predeazzite, alter-
nate with the white crystalline limestone. The Chino
limestone lens is over 1500 feet long, dips at about 45°
to the east and extends downdip at least 1200 feet. The
meximum thickness found to date is about 300 feet. Iiost of
the original outerop and the Chino quarry floor as mapped
by Daly (193L) have now been removed by mining. A glory
hole some 200 feet deep marks the area now being removed by
a block eaving system (Wightman, 1944). The Chino lime-
stone body is both underlain aﬁd overlain by quartz diorite.

Luartzites and schists some 75-100 feet thick
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lie betwaen the two limestone horizons. These are similar
to the underlying Undifferentiated Complex.

The upper limestone horizon is known as the Sky
Blue limestone. It was guarried in the Lone Star, Wet
Weather and Commerecial gquarries., The Sky Blue limestone
differs from the Chino only in development of blue calelte
and intense contact metamorphism near the intrusives. From -
this marble and the contact rock derived therefrom have
come most of the rare minerals of the Crestmore assemblage.
The blue color of the caleite is believed due to minute in-
clusions of graphite, carbonacecus matter or water. On
heating the sample sputters and becomes white. The Sky
Blue limestone has as first deseribed by Voodford sn arcu-
ate outline. I% forms an almost complete e¢ircle around
the hill with the central portion oeccupied by intrusives
and contact rock.

The age of the Jurupa seriesg is not known defin-
itely. The lower portion has been tentatively correlated
with the arrastre quartzite of Lower Cambrian Age (Daly,
1935}, while the upper limest9ne portion is probably the
equivalent of the Furneace limestone of Upper FPaleozoic
(Mississippian?) age. (Woodford, 1941 p. 353). Elsewhere
on the Perris block metasediments similar to Daly's Undif-
ferentiated Complex have been colled the Elsinore letamor-

phic Series (Dudley, 1935}, and correlated on the basis of



lithology with the Triassie metamorphic series in the Santa

Ana Nountains,.
Ignsous Rocks

Genersl Statement.e - 4 series of five or more re-

lated but distinet plutonic rock types are found in the
area. The sequence of intrusions (Daly, 1935 p. 647) has
followed the order - hypersthene dibri%e, granodliorite,
guartz monzonite porphyry, granite porphyry and pegmatite
dikess The order and spatial relationships of the series
suggest differentistion from the same parent megma and thet
the intrusives followed closely in point of %ime {Daly,1935
pe 647}« Their age is known %o be post Triassic and pre-
Gocene (Dudley, 1935). They are probably of the same age
as the Sierra lNevada intrusives i.e. Upper Jurassic.

Hypersthene Diorite. ~ The oldest rock of the

series, & hypersthene diorite, outerops on the hills south-
west of ﬁrestmcfe~ Normelly the roek contains zoned basie
andesine, but near the border becomes porphyritic in tex-
ture with labradorite phenegrysﬁs and andesine groundmass.
The femic minerals are hy@aré%h@ae, hornblende and biotite.
iuartz is present but is much less abundant than in the
guartz diorite, the second intrusive in the series. The
rock shows in places a platy structure due to the alignment

of femegs and occasional inclusions.



Suartz Diorite. -~ The most widespread intrusive

rook of the asrea is guartz diorite. On the basis of map-
ping by Dudley (1955) quartz diorite {(tonalite) is be-
lieved to underlie an area of at least 150 square miles on
the Perris block. This rock is the same as the grancdio-
rite of ﬂalyv(lgaﬁ) and the Val Verde tonalite of Haunsome
and Osborn (1939). It is & light grey medium grained in-
trusives. Most of the femic minerals are green pleochroic
hornblende and biotite. Oligoclase-andesine with minor
orthoclase are the feldspars present.

The tonalite cleasrly intrudes the hypersithene dio-
rite. Along their common border, dikelels of quartz dicrite
are seen penetrabing the clder roek. Blocks of the diorite
are pumerous in the tonalite. The tonalite~schist contaect
relationships are not so clean cut. The quartz diorite in-
trudes the schist but some contacts are gradational and ir~
regular, suggesting thet sssimilation may have bsen import-
ant during emplacement of the rock. Osborn (1938) found
that in the Val Verde district "The ‘bonalite gredes into the
schist through first a tonalitic gneiss containing bands
high in quartz end biotite, aﬁé second & gneiss resembling
the quartz biotite schist but containing bands high in feld-
spar. In the transitional zone the foliation of the tona-
lite is parallel %o the bedding planes of the schist,”

Basic inclusions are common in the Perris quarsz
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diorite. The inclusions are xenoliths derived from the hy-
persthene diorite and the guartz biotite schist of the
Jurupa Series. Osborn (1939) studied inclusions in the
Val Verde tonalite petrogrephically and reached the same
conclusion.

The quartz diorite has a gneissic structure due
to the platy alignment of biotite, feldspars and inclusions.
There is also a linear parallelism of elongated inclusions
and hornblende., These flow structures are described in de-
tail in a later section.

Yuartez Wonzonite FPorphyry. - Occurring as dikes

. and pipe like masses a quartz monzonite porphyry cuts lime-
stone and earlier intrusives. It is probably the equivaelent
of the Cajalco quartz monzonite described by Dudley (1935)
and the granite of the Val Verde district (Gsborn; 1939) .
It is a light brownish~-grey massive rock with abundant
gquartz, nearly equal quantities of orthoclase and oligo~
clase, and scattered grains and aggregates of pale green
pyroxene, Quartz occurs in micropegmatitic intergrowth
with orthoclase.

Granite Porphyry. - In the western part of the

Jurupa Mountains granite porphyry is quarried as & building
stone. The oceurrence is outside the map area but is of in-

terest in the igneous segquence. It is chiefly microeline



and quartz with oligoelese, orthoclase end biotite. It in-
trudes the Perris quartz diorite and is in turn cut by peg-
matives.

regmatite. « An abundance of pegmatite dikes oc-

gur in the hills adjacent to the quarries. They range in
width from & few inches to as much as 285 feet. OSome can be
traced for a mile or more. Many show banding parallel the
walls (Daly, 1935). The outer bands are of thin layers
(1/27«~1") composed of graphic intergrowths of quartz and
albite. ' The inner zone having & width of about one-tenth
of the total thickness of the dike is composed of extreme~
ly coarse feldspar (albite and microcline) and quartz with
the ocessional development of blaek tourmaline and blotite.
In the Crestmore guarries the pegmatites are
more lensy in outline snd variable in composition than is

the case in the adjacent hills.

Contact Rook

The minerals for which Crestmore is famous occur
in eontact rock formed by the pneumatolytic alteration
{contact metamorphism) of the Sky Blue limestone. Both
Daly {(1935) and Woodford (1941) concluded that the conbact
rock is related o0 the intrusion of the guariz monzonite

porphyry. These authors have described the mineral assem-
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blage in detail.

The porphyry is separated from the Sky Blue lime-
stone by 6-100 feet of contact rock. The most widespread
type, that oceurring next to the porphyry, is composed pri-
marily of g&pssularite garnet with or without grass gresn
diopside. This garnet rock is e massive aggregate. On
the limestone side of the garnet zone thers is in places
rapid gradetion to rock composed mainly of pale green or
brown idocrase. Outside the garnet and idocrase zones the
rare minerals merwinite gehlenite and spurrite developed
in the outer portion of the contact zone. A late pneunmge
tolytic or esrly hydrothermal stage acting on the limestones
and earlier contact rocks deposited various hydrous minerals
e.g. epidote, clinzoisite, wilkeite, chondrodite. ﬁn fur-
ther cooling zeolitic minerals sueh as crestmoresite, river-
sideite and foshagite formed probably as alterations of
wilkeite. The sulfides, galena, sphalerite, chalcopyrite
and pyrite occur sparingly in the contact rock and adjacent
limestone.

The peripheries of the larger gquartz monzonite
intrusives show endomorphic é%feets such as (1) inecrease
in smount and basicity of the plagioclase: (2) increase
in percentage of femic wminerals and change therein to diop-
side, &iallage,\augite and grossularite garnet: (3) often

gomplete disappearance of the quartz.
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The earlier quartz diorite intrusion effected
recrystallization of the limestone and developed small
contact metamorphic zones containing spinel grossularite
and wollastonite. The later pegmatites elso show limited
contact zones containing such boro-silicates as tourmaline

and axinite.



STRUCTURAL GEOLOGY

Structure in the Metamorphic Rocks

General Statement. - Most of the metamorphic
rocks of the area trend west of north but the limestone
bodies at Crestmore and Jensen quarries appear to be close
folded slong N.70°E, axes.

Quartz Biotite Schists and Quartzites. -~ The

guartz biotite schists and guartzites of the lower portion
of the Jurupa Series have in the area a relatively uniform
trend. They strike north to northwest and dip at medium
angles to the northeast. Schistosity parallels the orig-
inal bedding in the metasediments. Flanes of easy part-
ing in these rocks are the schistosity and steeply dipping
"gross” joints normal thereto, i.e. striking about N.70°E.
In contrast o apparent uniformity of struc-
tures in the Undifferentiated Complex are the rapid varia-
tions in trend found in the limnstone bodiss at Crestmore

and Jensen quarries.

Limestone at Crestmore Guarries. - The out-
crop of the Chino limestone trends northerly and dips 45°

east. This is nearly parallel %o the schists on the



hill west of Crestmore. Within the Chino body in the cen-
tral portion on the 660 level (Plate 3) the strike is
N.30°E, A% the south end both on the 660 level and on
surface it is N.40°W. This suggests the development with-~
in this limestone of the same arcuate structure apparent

in the overlying Chino queartzite and Sky Blus limestone.

Before the start of block caving operations
the outerop of the Sky Blue limestone outerop continued
south in an arc from the west end of the lLone Star quarry
to the south end of the Commereial quarry. It probably
connected with the limestone there thus elosing the arc.
The limestone in the Lone Star and Commercial quarries
strikes northeast and dips southeast. That on southwest
side of the are strikes northwest and dips northeast.
This suggests that the Sky Blue limestone is folded into a
plunging syncline whose axial plane strikes northeast and
dips southeast and whose axial line pitches east at about
-50°,

The trough of the syncline (?) has been in-
truded by quartz diorite and gﬁartz monzonite porphyry.
Near the guartz monzonite much of the limestone has been
altered to contact rock as described above.

Limestone at Jensen Quarry. -~ The limestone

and schist area at the Jensen Wuarry (Plate 4] is nearly
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surrounded by quartz diorite. WNearly 50% of the metasedi-
mente exposed consist of a mixture of impure limestone,
guartz biotite schist, quértzite, and contact rock. Part
of the schist may be similar to Osborn's "tonalitic
gneiss," - '

The general trend of the formations is easter-
ly with the average dip steeply to the south. At the
southeastern corner of the limestone area the trend swings
in an arc suggesting a tight felé plunging easterly as at

Crestmore.,
Structure in the Igneous Hocks

General Statement. - The plutonic rocks of the

area show two main trends (Plate 1), The first, north to
northwesterly, nearly parallels the schistosity of the in-
truded metasediments, The second, about N.65°E, parallels
the cross joints in the Complex, and the tight folds at
Crestmore and Jensen quarries.

Bypersthene Diorite. - Southwest of Crestmore

outerops of hypersthene diorite extend for two miles in a
zone trending S.65°W. The greatest width exposed is

about 1/2 mile.

Quartz Diorite. -~ The larger masses of quartz

diorite appear to trend norih to northwest parallel to the
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Undifferentiated Complex, Apophyses and dikes of the ton-
alite strike about N.65°E. paralleling cross joints in the
schistse.

quartz Monzonite Forphyry. - bDlkes, small

plugs,vaua'irregular bodies of quartz monzonite porphyry,
oceur in the same S.65°W. trending zone as the hypersthene
diorite. At Crestmore the porphyry bodies sast of the
Commercial quarry are arcuate masses in the snclosing con-
tact rock. They appear to plunge northeast parallel to
the axis of the syncline (?). To the southwest on the
strike of the zone there was formerly expossed in ihe Chino
limestone & small plug and an arcuate dike of the porphyry
(Daly, 1935).

Pegmatite Dikes. ~ Most of the pegmatite dikes

of the arsa trend about W.20°W, parallel to the trend of
the quartz diorite. On the hill west of Cresimore the

principal dikes dip westerly at 50° to 80°.
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STRUCTURAL PETROLOGY
General Statement

Flow struetures in the various igneous rocks
of the area were mapped employing the technigue developed
by Hans Cloos end his co-workers. It was planned to add %o
the structural picture by & petrofabric study of the lime-
stone using the universal stage. As most of the limestone
is too coarsely crystalline to be suited to this technique,
a method was devised whereby the poles of optic axes of the
caleite crystals could be plotted accurately on the usual
petrofabric diagram.

Because the orientation of the intrusives may
have caused preferred orientations for the calcite in the
limestone, the structures in the intrusives will be described

first.
Flow Structures in the Intrusives

General Statemeﬁi. - The flow layers and flow

lines in the various intrusives show a distincet parallelism
with the structures in the Jurupa Series (Plate l). 4s de-
scribed above the outlines and trend of the intrusives are

in general concordant with these features. Ad jacent to
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areas of Undifferentiated Complex flow layers nearly parallel
either the schistosity or the cross Joint direction in the
Complex. A%t Crestmore and Jensen guarries the internal in-
trusive structures are arcuate paralleling the folding in

the limestone. Flow lines have a general pitch easterly at
medium.éngles,

Hypersthene Diorite. - A platy alignment of

inclusions and femic minerals was mapped in the diorite. In
the central portion of the large outcrop southwest of Crest-
more the flow layers trend northerly and dip easterly at 25°.
i.e., parallel to the general trend of the area and the sast-
ern contact of the diorite. Along the southern margin of the
body the layers strike N.65°E. paralleling the contact.

guartz Diorite. = Throughout most of the area

mapped (Plate 1) flow layers and floﬁ lines are visible in
the Perris quartz diorite. The intrusive contains numerous
inclusions apparently derived from the Undifferentiated Comne
plex and the hypersthene diorite. These inclusions are
tabular, discoidal, ellipsocidal, or spindle shaped. Platy
structure is shown by the alignment of inclusions and bio-
tite; lineation, by the parallelism of elongated inclusions
and hornblende crystals.

An unusual feature of the flow structures

(Figure 2.) is the development of 2 sets of flow layers



Figure 2.

Diggram of flow structures in the
Perris quartz diorite showihg alignment of
inclusions and hornblende. Flow layers
show two preferred planes, N.l0°W. dip

40°NE., and N.80°E. vertical.
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with the flow lines paralleling their intersection. One
set of layers has an average strike of N,10°%i. and dips at
about 40° easterly. The other set trends about N.80°E,

and dips nearly vertical. The first set shows platy align-
ment of inclusions and some biotite; +the second, only
alignment of inclusions. The lineation of horanblende cry-
stals and inclusions is common to both sets of layers.

. This might be more clearly explained as fol-
lows - Let X, Y and Z be the greatest, mean and least geo~
metric axes, respectively, of inclusions in the quartsz
diorite. In the small outcerop under consideration there
are for example about 30 inclusions exposed. Nearly halfl
of" them show one orientation Type 1 and most of the balance
show another preferred orieuntation Type 2. Their axes are

oriented (direction and angle of pitch) as follows -

Iype 1 Type 2
X N.80°E, -40° N.80°B. -40°
Y - N.10%. 0° 8.80°W. ~50°
$.80%. ~-50° N.l10°W., ©°

The X Y planes éf the inelusions are the planes
of flow layers. The layers then have two orientations,
Type 1. (N.10°W., dip 40°NE.), and Type 2., (N.80°E.,vertical).
The flow line directién X (N.80°E. -40°) is common %o both

orientations of flow layers.
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Along the eastern side of the hill between Hauw
serlan@ Crestmore gquarries, the flow layers and lines have
a fairly uniform trend as described above. On the western
glope southeast of Hauser quarry & reversal of dip of {low
lines énd layers suggests & local afeh structure. However,
this may result from the effect of the mass of hypersthene
diorite.

North of Jensen querry near the margin of the
schists the lineation plteches easterly at smasll angles.
Surrounding the Jensen quarry is an arc of steeply dipping
flow layers. There is only a suggestion of a sesond pre-
ferred orientation of the inelusions on this arc. Flow
lines where noted pitched at 70° or over. To the west of
this arc inclusions are few and the flow structure faint.

At Crestmore (Plates 2 & 3) the flow layers in
general parallel the contact with the older rock. Linea-
tion is not so highly developed as to the west, but where
determined it pitched easterly at low to medium angles.

The flow layers in the quartz diorite adjoining Sky Blue
limestone curve to parallel the limestone are. On the 660
level (Plate 3) the flow layers in the tonalite dip parallel
the limestone. On going west from the hanging wall of the
Chino limestone the lineation flattens from 45° to 0° sug~

gesting a flattening of the struecture as the synclinal (%)



axis is approached.

The pegmatites dikes of the area (Plate 1) trend
almost normal to the lineation in the quartz diorite. Between
Crestmore and Hauser quarries the dip of the dikes where it
could be measured increases from 50°W. to 70°W. suggesting
that the dikes ocecupy a fan of c¢ross joints related to the
quartz diorite intrusion. However, the dikes cut the quariz
monzonite porphyry without change of trend.

quartz lMonzonite porphyry. - In the outerops of

gquartz monzonite porphyry southeast of Hauser quarry the flow
layers strike northeast. At Crestmore (Plate 2.) the layers
in the arcuate masses of porphyry dip northeast. Lineation
is not conspicuous; it appears to piteh easterly.

Interpretation. - The general easterly trend of

the lineation indicates that the direction of movement of the
magmas was upward ffom the east at medium angles (Balk 1937
De Tin Evidently there was a zone of folding or weakness
striking N.65°E. through Crestmore. The trend of the hypers-
thene diorite and quartz monzonite porphyry along the exten~
sion of this zone suggests that- this feature antedates the
period of intrusion.

The presence of two preferred orientations for
the platy alignment of inclusions in the tonalite may be dif-

ficult Yo explain. These orientations parallel the two
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principal contact planes for the intrusives. These planes
are also planes of easy parting in the schists. The appar-
ent anomaly might be explained by the hydromechanics of
flow in magmas. 4An alternate explanation would be that the
quartz diorite developed "in situ” by the palingenesis or
assimilation of schist and hypersthene diorite, and, that
the two preferred orientations for inclusions result fronm
partial assimilation of blocks bounded by faces of the pre~
ferred orientations.

The axiael line of the fold at Crestmore quar-
ries and possibly that at the Jensen quarry parallels the
lineation in the tonalite. Osborn (1939, p.929) found
folds of similar orientation in the Val Verde district.
Here in the schist, near the contact with the ténalite, the
beds are commonly folded about an axis whieh parallels the
dip of the schist. At Val Verde, too, lineation in the
tonalite pitches easterly paralleling the dip of the schists.
At Crestmore sharp folds plunging easterly occur on both
hanging and footwall of the Chino limestone. This suggests
that folding at Crestmore and gensan quarries may be related
to the mechanics of intrusion. There is also the possibility
that the Jensen and Crestmore areas became engulfed in the
tonalite magma and were oriented in the direction of line-~

ation in the same manner as smaller inclusions.



- 24 -

Caleite Crientation in the Limestone

General Statement. - Thirty oriented hand spec-

imens were taken from the Chino limestone on the 660 level at
Crestmore and from the Jensen quarry. The orientation of the
optic axes (¢ axes) of the calcite crystals were measured un-
der the binocular micrbseope or reading glass, To do this a
needle pointing in the ¢ axis direction was attached to a
caleite cleavage rhomb. This was used as a model and fitted
on the calecite crystal in the hand specimen, with cleavages
of model and crystal parallel. The orientation of the needle
was measured giving the position of the optic axis of the
crystal. The orientations were plotted on the usual lower
hemisphere projection of the standard Scimidt equal area net.
Only 14 of the oriented specimens were sulted for study by
this method. Contour density disgrams of these specimens
are shown in Plstes 5 and 6,

It was not possible to measure as many grains as
in the usual petrofabric diagram using the universal stage.
EQW@V@P, the crystals sare largé and are reprssentative of
the hand speeimen. 3Some as large as 1/2" x 1" x 2" were
present in a few gpecimens. Twinning is common. Crystals
with 2 directions of twinning are common. In a few all

three sets seemed present.



Crestmore Quarries. - Conventional density

diagrams for a suite of specimens taken from the Chino
limestone on the 660 level of the mine are shown on Plates
5 ahd 6o The location of the specimens are shown on Plate
Se The positions of the maxima and their variations
across and along the limestone body are shown diagrammatic-
ally on Plate 3.

The disgrams show maxima lying in a complete
or partial girdle. The girdle is common té all diagrams
from Crestmore. It is not a simple great circle girdle
as some maxima appesr to be on two small ecircle girdles
lying on either side of a common great cirele girdle. This-
relation for caleite optic axes maxime is to be expected
when the pole of the caleite twins lfe on a great cirecle.
This is discussed below. The pole or axis of this girdle
Woﬁld piteh about S.75°K. at -54°.

Specimens near the margin and contact with the
quartz diorite show strong maxima nearly normal to the con-
tact (see diagrams for specimens 38, 39, 43, 60 and 58). A
conposite diagram (Plate 6)for specimens 39, 60, 58, 56
located near‘the footwall shows strong mexime normal to the
contact in a partiaelly developed girdle.

A suite of 6 specimens (38, 39, 41, 42, 45, 43)
taken across the limestone body show the same girdle.

Strong E-45° maxima, normal to the contact, occur in those



specimens near the contaet and strong N.S. maxima show for
the specimens (41, 42, 45) in the central portion of the
body. A composite diasgram of this suite is shown on Plate
6. The similarity of orientation of maxima and girdle in
the central part of the body can be seen by comparison of
diagrams for specimens 41 and 61.

Jensen Quarry. - The only specimens (62, 64,

65) taken at Jensen quarry and suitable for analysis by
this method were close to quartz diorite contacts. Den-
sity diasgrams and a composite for these speeimens appear on
Plate 6; their location and maxima diagrams, on Plate 4.
The specimens show strong maxima of the optic {(¢) axes
nearly normal to the contact, and pertial girdles as at
Crestmore. The composite shows a girdle striking north
and dipping 50°W. The pole to the girdle pitches easterly
at -40°%,

Interpretation of orientation in calcite tec~-

tonites. - Some of most significant work in Structural pet-
rology has been done in the study of calcite tectonites.
Felkel (1929) and Sander (19%0) determined the mechanism of
grain deformation in sueh rocks. Their resulis are given
by Knopf and Ingerson (1938 p.lé3). Fairbairn discusses
the wgrk clearly in his "Structural Patrelggy'of Deformed
Rocks™, 1942. The plates used in the following outline are

from this book.



Figure 20.

Figure 21.

Figure 22.

Figure 20. Calcite cleavage rhomb showing orientation of one
of the three sets of (0112) twins. Top part of the rhomb
parallel to a twin is removed in order to show the slip direction
and direction-sense (arrow at G). ¢, = vertical crystal axis.
After Fairbairn and Hawkes (39).

Figure 21. 206 poles to (0112) calcite twins from marble, Hoch-
feiler, North Tyrol. Contours 8-7-6-5-3-1‘¢. Modified from
Sander (105). 2

Figure 22. 186 axes of the twinned grains in Figure 21. Con-
tours 7-6-4-2-1%-. Modified from Sander (105).
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Figure 23. 201 “short diagonals” of the calcite twins of Figure
21. Contours 6-3-2-1°¢. Modified from Sander (105).

Figure 24. 330 poles to (0112) calcite twins from calcareous
phyllite-gneiss, near Mauls, South Tyrol. Contours 5-4-3-2-1%.
Modified from Sander (105).

Figure 25. 416 axes of the twinned grains in Figure 24. Con-
tours 4-2-1%. Modified from Sander (105).

Figure 26. Collective diagram of the chief maxima of calcite
axes from 7 selected tectonites. Modified from Sander (105).



Figure 45. 246 calcite axes from marble, Brenner, Tyrol. Se- Figure 46. 224 calcite axes from the same marble as in Figure
lection of large visibly deformed grains. Maximum contour 45. Selection of small, “recrystallized” grains. Contours 5-2-
8%. Modified from Sander (105). 19.. Modified from Sander (105).

Figure 49. 263 calcite axes from lime phyllite, Brenner, Tyrol. Figure 5C. 117 poles to (01T2) twins of calcite from the phyllite
The numbers refer to minima (areas in the main girdle of least of Figure 49. The numbers have the same positions as in Figure
concentration of axes). Contours 6-2-1”-. Modified from 49 and are here related to the twin maxima. Contours 7-5-4-

Sander (105). 3-2-1%. Moditied from Sander (1C5).
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Figure 107. 200 poles to (0112) twin planes of calcite in marble,
before deformation. No measurements in area marked A. Con-
tours 4-2%¢. After Griggs (45).

Figure 109. 209 calcite axes from Yule marble, before deforma-
tion. Contours 9-7-5-3-1%. After Griggs (49).

Figure 108. 200 poles to (0172) twin planes of calcite in marble,
after deformation of 24“¢ under confining pressure of 10,000
atmospheres, at room temperature. Maximum contour greater
than 6. C-C is the axis of compression, Tw represents the
average twin plane positions. No measurements in area marked
A. After Griggs (45).

Figure 110. 163 calcite axes from Yule marble shortened 30°«
parallel to P in Figure 109, under 10,000 atmospheres confining
pressure. Temperature 150°C., dry. Contours 9-7-5-3-17c.
After Griggs (49).



Deformation twins are often found in caleite
in tectonites. The composition plane of these twins is
(0112) and a meximum of three sets may develop in each cry-
stal. The slip direction (glide line) and direction of
movement on ‘the composition plane is.for twin gliding.par-
allel to the short® diagonai of the composition plane
(Plate 7 Fig.2). This direction is the seme as the line of
intersection of any 2 adjaeeﬁt cleavage faces. For trans-
lation gliding the twin plane acts as the translation plane
without direction sense.

The deformation twin composition plane (0112)
commonly'lies in the a_b *tectonic plane. The poles of
these-twin planes in this case show a strong maximum at ¢
(Plate 7 Fig.2l); the poles the optic associated axes
show a maximum about 26° from ¢ (Plate 7 Fig.22). The
"Short Diagonals” of the seme specimen lie in‘g’(Plate 8
Fig.23) the prineipal direction of movement. TFig. 24
shows the maximum concentration of poles to (OITR) caleite
X Sander's original terminology is used in this paper: b
is fold axis, frequently parallel with lineation; a‘is
perpendicular to b in the movement plane, and ¢ is perpen-~
dicular to ab (Sender,1930,p.119: ab = prineipal fabric

plane; ac = symmetry plane~ c = normal to ab, b (B) =
princlpal axis).



twins at ¢ while Fig. 25 shows the corresgponding maxima for
the optic axes. TFigure 26 shows & collective disgram of
the axes maxima of seven caleite Vectonites compiled by
Sander. They lie in a double symmetrical girdle zone about
86, The tectonic b axis is the' pole of the girdles.
Sander found that the large deformed and twin-
ned grains of a marble studied show a strong meximum near
¢ while the small "recrystallized" grains show less orien-
tation (Plate 9 Fig, 5, 45 & 46). In thé study of a lime
phylli te showing & concentration of calcite axes in & small
circle about b, the poles to the (0112) twins lay in a
great circle normel %o b (Plate 9 Figs.49 and 50). The
maxima within the axes girdle lie 20230° removed from the
maxima within the twin pole girdle. According to Fairbairn
(1942, p.28) this is statistical confirmation of the angu-
lar relation of 26° between the opiic axis and the (0112)
poles of caleite. Griggs (1988) deformed marble under a
confining pressure of 10,000 atmosphere and attained a short-
ening of 24% at room temperature. The orientation of the
poies to the (011I2) twin planes before and after deformetion
are shown on (Plate 10 Figs.l07 and 108}, A4t 10,000 atsos-
pheres and temperature 150° ¢ the shortening was 30%. The
optic axes reoriented under the deformation to parallel

the direction of shortening (Plete 10 Fig.l09 & 110).
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Twinning was intensively developed. A similar experiment

- with carbonated water surrounding the marble specimen show-
ed 30% shortening under only 1900 atmospheres. There was
little development of twinninge. Deformation might have
proceeded by recrystallization flow. Bain (1940) found
that "pressure reorients ealcite'of many fine-grained mar-
bles with the basal plane perpendicular to the stress. This
causes a high degree of orientation to the vertical or e
axis.”

In simplest terms the commonest preferred
orientation for the optic axes of caleite in deformed rocks
seem to be -

L. At or near the tectonic ¢ axis, i.e. with
the optic axes of calcite in the direction of the compres-
sive gtress.

2. As girdles normal to tectonic axis b.

b is the fold axis and in most cases the

axis of rotation and the direction of lineation.

Interpretation of calcite orientation at

Crestmore and Jensen quarries.-- All specimens taken from

near the quartz diorite conteet show strong opiic axes maxe
ima normal to the contact. This is thought to result from
pressure normal to the contact exerted by the quartz dior-

ite magnma.



The girdle diagrams shown by specimens in the
central portions of the Chino limestone are considered to
result from rotation about the girdle axis. Considering the
folds at Crestmore and Jensen quarries the girdle axis is
the local b axis, but asg discussed in the following section
it appears to be the & axis in the regional pattern.

The girdle axis piteches easterly at -40° to
55° paralleling the axial line of the folds at Crestmore
and Jensen quarries as determined by field mapping. This
direction nearly parallels the dip of the schists and the
lineation in the quartz diorite.

The similarity of girdles at Jensen and Crest-
more and the fact that the maxima near the ccnﬁacts fit into
the girdle pattern suggests that the folding of the lime-~
stone might have been casused by the intrusion of the magma.

The data to hand is not sufficient to prove
these conjectures, Similesr patterns might have been develop-
ed in the marble in response to regional stresses long after

the pe?iod of intrusion.

Tectonic Axes gBr the Area. - The general

N.15°W. 40°NE., plane of schistosity and bedding is probably
the ab or principal fabric plane of the area. If the prom-
inent N.75°E. steeply dipping joints are eross joints they

lie in the sc¢ plane. This would make the g axis parallel
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the dip of the schists and the b axis almost horizontal in
the ab plane, i.e., parallel the strike of the metasedi-
ments. These axes parallel those determined by Osborn
for the Val Verde area,

If, however, axial line of the fold ai% Crestmors
is taken as the b axis for the area then the positions of a
and b are reversed.

The evidence appears to be more in favor of the
first given orientation, b parallel the strike of the
sehists and 8 down dip. This fits in with the areal pat-
tetn. If b were down dip, i.e., pitching easterly at 40°
there should be some evidence of large scale folding on
Be=W. axes in the area. The pattern is more suggestive of
regional folding along N.-S. axese.

If this is the case then the folds at Jensen
and Crestmore quarries are examples of lineation and fold-
ing parallel to the & tectonic axis. These features are
discussed by Cloos (1946 p. 25.31). Fold axes parallel to
& are described from the metamorphiec terranes in Scandan-
avia. Zlongation of pebbles and stretehing in the g dir-
ection are common. Folding in a (in the prineipal direc-
tion of movement) is & well known feature of ice flowage.
This suggests an analogy for the origin of the folding in

the easily deformed limestones.
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The assignment of tectonic axes to the
guartz diorite is subjeet to question. Genetically the
lineation in magma flow should, in most cases, be the &
tectonic axis, the direction of principal movement. The
normal to the contact would be the ¢ axis dirsctiony D
would then be horizontal parallel to the contact and flow
layers. This would place the fabric axes parallel to

those in the schist.
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ACONOMIC CONSIDERATICNS

The outlook for large bodies of limestone that
could be cheaply mined or quarried is not hopeful at Jensen
quarrys The projeetion of the limestone fold to the east
would be the most favorable place to explore but it is ev-
idently deeply buried.

At Crestmore the Chino limestone body has evi-
dently thickened in a E.W. direction parallel to the axial
line of the fold. This thickening is largely by flowage.
On the 660 level the flattening of the flow lines in the
hanging Wall.quartz diorite may indicate the limestone is
flattening rapidly as the axis of the fold is approached.
Gxploration to the east of the Commercial quarry might
show up a similer thickening of the Chino limsstone on the
east limb of the fold.

Similerly the Commercial quarry limesﬁone may,
if not cut off by quartz diorite, steepen down dip and re-
verse in dip to connect with the east limb of the Sky Blue
limestone. )

The extensive development of contact rock in the
trough of the syneline is an interesting example of struct-
ural control that may have parallels in pneumatolytic met-

alliferous deposits.



SUMMARY AND CONCLUSIONS

The general trend of the metamorphie roeks of
the area is N.15°W. and dip about 40°NE. The limestone
areas at Crestmore and Jensen quarries appear to be in
folds whose axial planes strike N.70°EB. and whose axial
lines pitch easterly at -50°, The igneous rocks of the
area show in their contacts and internal struectures two
main trends, one paralleling the N.15°W, 40°NE, attitude
of the metasediments, and the other N,75°E. paralleling
steep dipping cross Jjoints in the sediments, Lineation in
the Perris quartz diorite, the most extensive intrusive of
the area, is easterly parallel the dip of the schists.

The poles to the optic axes of calecite in the
limestone show a girdle pattern. The axis of the girdle
pitches easterly at 50°. Strong optic axes maxima occur
near the tonalite contact oriented normal to the contact.
This indicates thaet the intrusive exerted pressure normal
to its wall, i.e., the gquartz diorite was foreibly intrud-
ed into the area.

The fold axis at Crestmore lies in a N,70°E.
zone which was the locus of intrusions of hypersthene
diorite and quartz monzonite porphyry. Structurally the
contact rock mey be related to these rocks or to the

guartz diorite. The limestones at Cresimore may have been
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folded along this Zons before intrusion of the quartz dio-
rite but parallelism of the lineation in the tonalite and
the girdle axis suggests thal the folding was caused by
the intrusion.

The fabrie pattern at Crestmore is consider-
ed to be an example of folding and lineation parallel %o

the a tectonic axis.
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THE GEOCHEMISTRY AND PARAGENESIS OF

THE ORES OF THE CACTUS MINE, KERN COUNTY, CALIFCRNIA

INTRODUCTION

This thesis embodies the results of a laboratory invese
tigetion of the ores a.ﬁé mill products of the Cactus mine. The
primery purpose was a study of the aasaci.&i;iea and distinetion of
the metellizing sclutions as shown by the occurrence of the gangue
and ore minerals.

This investigation has been correlated ézi*bh geological
and strucburael studies of the Cactus mine which are presented by
¥re. John T. Jorden (Vester's ‘fhé.sis, California Institubte of Tech-

nology, 1941}.

Summary of Geology.

As the geology of the Cactus mine has been fully des-
cribed in Mr. Jordem's thesis, only a very briel deseripbion of the
ore deposits will be given hers. The reader is referred to
¥r. Jorden's thesis and eccompanying maps for any details.

The Cactus mine is on the western slope of Middle Buttes
in the ¥ojave desert sbout 9 miles northwest of the town of Rosamond.
The miné, operated by the Cactus Mines Company, is comprised of three
units, the Cactus or Cactus Queen mine, the Silver Prince mine, and

the Cectus Hill pit. The deposits are epithermal gold-silver velns



end replacement ores.

In the Cectus mine the vein occupies a feulted and
brecociated zene on or near the contact between rhyolites of
Tertiary age and older guartz monzonite. The vein strikes north-
easterly and dips at a moderate angle to the southeast. The cone
tact relations are structurally complex but in general the main mess
of monzonite lies in the feobtwall and the mein mass of rhyolite in
the hengingwall.

The Silver Priime mine lies about 2400 feet N30E from
 the Cactus. The Cactus Hill pit workings are aboub 2200 feet NTOE
of the Cactus mine at an elevation 200 feet sbove the lactus mine.
This deposit is formed along a somewhet irregular altered zone,

entirely within rhyolite.

Summary of Velin Structure aend linerslizetion.

The complex Cactus vein has been formed by several surges
of hydrothermal solutions separated by perieds of re-brecciation of
the vein. The earliest solutions deposited barren bony wﬁzita quartz.
The succeeding transparent guerbtz carried common sulphide, gold, end
ruby silver mineralizetion. Accompanying this guartz are minor
emounts of an alunite~dickite gangue end minerslization of the follow-
ing stage. The third main surge of solutions was rich in sulphates.
The soft gangue consists of quartszs, alunite end dickite. The accom-
penying minerslization is gold, argentite, and minor cimmabar,
realgar end orpiment. leteoric wabers have had little effect on the

hypogene minerslization elthough naetive silver mey have been deposited



by supergens saliztions.

The deposit is very lightly mineralized. The total of
the metallic minerals comprise less than 0.2% of the ore. The
everage pintn sive af i sulybides I of B vrder of 8,05 mn wish
e range of from 0.5 mm for a large grain down to blebs of a micron
in diameter.

The Cmectus Hill deposit has been formed by solutions of
the third stege. The Silver Prince vein as exposed is intermediate

in characteristics between the Cactus vein end the Cactus Hill depositse

Methods and Technique.

Over 200 ore samples were taken at suiteble intervals in
representative areas throughout the mine workings. ¥From these sam~
ples some 450 sawn surfaces wers cut with e diamond saw and examined
with & binocular miéroscope. This procedure was adopbed with the
particular burpese of studying the distribution of the various types
of mineralization and their associetion with different types of
gangue. The mineralogical details were determined from over 70 speci-
mens which were selected from the sawn surfeaces, mounteds polished
and studied mineragraphically.

Speclal composite mill samples covering a seven day
| period (Januvary 23-29, 1939) were run over a Haultain superpenner.
The various products were weighed and assayed. The mill samples and
the paaner councentrates were studied under the binocular microsecope
and grains which could not be visually determined were identified by

microchemical tests. In addition several of these products were

mounted, polished end exaemined.



Location of Specimens.

Meps sccompenying Mr. Jordan's thesis show the location

of the specimens studisd.
areas:
1.)
2.}
3s)
4.}
5a)

o

8.)
9.)

They include snites teken in the following

€Q 105~145, down the shaft and adjacent
stopes froem the tumnel level Lo the 70O
level, at 25 foot intervals.

G 145-146, from the 500 levels native
silver ores.

CG 132-139, from the N6-50 stope bebween
the 500 end 600 levels.

CQ 140-144 and 147, from the N7-230 stope
between the 600 and 700 levels.

GG 45-104, from both along end across the
three quartz bodiss of N700 level.

06 148-150, from the 800 level.

CQ 192-224, from the Silver Prince 150 level.
GG 19-43, from Cacbus Hill pit.

CQ 151~181, elteration sulte from 500 and

800 levels.

The specimen end polished section numbers {CQ 102) etcs,

appearing in the report, are given as references for the texture or

mineralization being described and mey be suitable for photo-micro-

graphs or fubure correlation work.
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In the ensuing discussion, the minerals present in the
ores, as debermined from polished sections and superpamner concen-
trates, have been divided into the following groups:

ls The common sulphides of the base metals.
2. The agilver bearing minerals.

3. Cold.

4. lHercury and arse_ni-c nminerals.

5. The gangue minerals.

6. The supsrgene oxides.

1. Common Sulphides of the Base lletals.

The common sulphides include pyrite, marcesite, arseno-
pyrite, chaleopyrite, gelensa, sphalerite, chslcocite, covellite and
bornite.

Pyrite. -- This is the most plentiful end widespread of
the metellic minerals in the veln, but even so the tobal amount
‘present is consgiderably less than 0.15% of the total volume of the
ore. MNoreover, it is the only sulphide characteristically preseunt
in altersd wall rock adjacent to the welns.

In altered wall rock pyrite occurs alone (excepbing minor
arsenopyrite on 700 level Cectus sud 150 level Silver Prince), but im

the veins it is usuvally accompanied by other sulphides. It is found



a8 lsoleted crystals or grains dissemineted in trensparent quarts,
in dark grey quartz, and in slunite-dickite-quartz gs.z:guae* I%

is rerely present in the barren white bomy gquartz. The grain size
varies from minute blebs of 1~2 microns uwp to 0.7 mm, with the
aeverage aboub 0.05 mm. Although originelly most of the pyrite in
the veins ms.y have had orystel outlines, these are now present in
only ebout 30% of the grains. The orystals are corroded or replaced
first by quartz in which they oeceur, then by later conmon sulphides
and silver minerals, and finally by late soft gengue minersls. BEven

in the upper levels pyrite is rarely sltersd to limonite.

Harcasite. -- The contacts between pyrite end marcasibte
sugpest that the two minerals crystullized at ebout the same time.
The other cormmon sulphides and the silver minersls are somewhat later
although they are in the same transparent guartz and hence probably
deposited from the seme solutions. In some polished sections &t
least 40% of the FeS, is as marcasibe cocurring in units of several
erysbals or with pyrite. Narcasite is common in sections showing ruby

silvers, sphalerite, galene and chalcopyrite.

Arsenopyrite. -- Though sbundent locally, arsenopyrite is

much more restricted in its distribubion then pyrite or marcasite.
A heavy disseminebion of smnll needles of arsenopyrite is character-

istic of e guartz vein on the 700 level of the Cactus Quesn. In the

*Tha alunite-dickite«guarts geangue is varisble im composition.
For the sake of brevity it is often referred to as the soft gangue in
this thesise.



150 level ore shoot of the Silver Princs, srsenopyrite needles snd

rhombs reach & meximun size of 0.3 mm. Original arsenopyrite may

be almost entirely replaced by eovellite or silver minerals.
Arsenopyrite is found in the albered footwall monzonite

between the 800 sud 700 levsls of the Cacbus mine.

Chaleopyrite. -« In heavy sulphide mineralizebion, chal-

copyrite cccasionally comprises 40% of the sulphides present.
Chalcopyrite, when abundent, is ususlly accompsnied by sphalerite,
galena, m&/m g heavy silver mineralization. The sarly corroded
pyrite is olten surrounded and partially replacsd by chalcopyribe.

In some places small blebs of chaleopyrite are found as
replacement remmounts of once larger corystals which have been corroded
by sof't genmgue. These blebs can be distinguished only with diffi-

culty from smell gold grains which ccour in & similar environment.

Gelena. =~ Galena is relatively uncommon and is found
only where there is a heavy accompsnying chelcopyrite-sphalerite
mineralizetion. The galena has comaonly been largely replaced by

sphalerite or srgentite.

Sphalerite. -- After the chaleopyrite and galena,
sphalerite wes deposited. It may meke up as wuch as 65% of the
opagque minerals present in some heavily mineralized specimens of the
chalcopyrite-pyrite-silver mineral type of mineralization. Again,
pyrite end sphalerite mey be the only common sulphides found in a

sample. Sphalerite is eften rimmed with, or replaced by, argentite-



stromeyerite or partly repleced by ruby silvers. It is of inberest
that no really minube blebs of sphelerite wers found, but large
grains up to 1 mn are common. Some complex grains conbaining sphale-

srite, chaleopyrite and ruby silvers reach o dismebter of 1.5 mm.

Chaleocite. = This is uncommon except in the arseno-
- pyrite bearing ore on the 150 level of the S8ilver Prince. Here
chalcoeite occurs in isolated grains up to O.4 mm snd aslso as & rinm

around pyrite. NMinor cheslcocite ccours with covellite.

Govellite. = Covellite is much more widespread snd
plentiful then cheleocite. It borders snd replaces chaleopyrite,
sphalerite, and occcasionally pyrite. It also is & common associate

of argentilte-stromeyerite.

Bornibe. == This mineral occurs only as a reaction rim

between covellite snd chaleopyrite (CQ 144).

2» Silver-Bearing Minerals.

The conmon silver bearing ninerals sre argentite-
stromeyerite, pyrargyrite and proustite. Less common are polybasite
and pearceite. Uative silver is abundent within its limited distri-

bution. Freibergite is comparstively rare.

Argentite-Stromeyerite. -- The smount of argenbite-

stromeyerite present in the workings is aboubt egual to thabt of the

ruby silvers. It has & wide distribution snd is the principel silver



mineral of the "spobtted™ ores of sbove the 500 level. The ratio
of stromeyeribte to argentite varies; some reletively purs, sectils,
isotropic argemtite being found but ordinerily the mineral yields,
on scratching, e black powder emd is anisctropic. Together with
covellite it borders and replaces the earlier cormon sulphides.
Some greins of argentite show outlines of original galens crystals.
It is generally amccompanied by soft whibe non-calearsous gengus.
The mineral often ccours in isoclated blebs bub ccoasionally shows g
distribution controlled by fracturing. Ab times it is in conbect with
ruby silvers but evidently is laber than smy of them.

Tugs in the transparent guarbz may conbain smell black
sectile globules. Similar globules from the superpenner concentrate

were proven microchemically to be argentibe.

Pyrargyrite end Proustilte. -~ These ruby silver minerals,

like argembite-strumeyerite, are widely distribubsed. They occcur in
isolated greins bubt commonly rim end replace the early conmon sulphides.
They prefer to replace and associabe with sphelerite, marcasite and
chalcopyrite rather then pyrite. In the zomed winerslization of (G 66
pyrite occurs only in ths ruby silver zone. In specimens with heavy
mineralizetion, ruby silvers may be intergrown with common sulphides

to form complex grains of up to 3 me in ﬁiémai;em Barvow veinlets of
proustite, occcaslonally with pyrerzyrite, follow Practures cubbing

scross ssversl types of guarbz.

Polybasite and Pearcelte. »- They ere much less common

end less widespread than the ruby silvers and are found only in
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heavily mineralized specimens, containing the common sulphides end
ruby silvers. Polybasite is commonly assoclated with chalcopyrite
end pyrargyrite. Some large grains (0Q 130) show a “eracked porce-
lain® texture veined by argentite-stromeyerite. Pearceite occurs

anly where polybasite is present.

Freibergite. ~- Freibergite occurs in small emounts in

ore heavily mineralized with the common sulphides and silver minerals
(CQ 38 and 82).
A few minute greins belisved 4o be stephanite and miar-

gyrite were noted,

Silver. «= Netive silver ocours ia isclated yocketé on
the 500 level (0 121), and on the soubh side of 7-100 stops at
835 feet (CQ 130). The rusby costing on the specimens containing
native silver is daxk brown in color. The silver occurs in plates,
veinlets and blebs, prinecipally along fractures, and is usually
closely assoclisbed with limonite. There is some evidence that the
silver is later than the limonibe s 88 In {Q 4 it geems o follow
fractures reopened along cracks filled with limonite (or hydrous
hematite). In the rich native silver specimens, partly corroded
pyrite and other sulphides may ocecur in typical isolated grains.
These are not associated with the frictures followed by the limonite

or silver. -
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S Golde.
The gold occurs in several different forms and asso-

clations.

Gold with Common Sulphides and Ruby Silvers. =- The

occurrence most easily disbingulshed is that in which the gold
occurs in the complex units of the heavy common sulphide-ruby sil-
ver mineralizeticn. In this association the gold is located on
galens-chalcopyrite contacts or slong the border of, or within,
ruby silvers or sphalerite. Ths gold is later than the chelcopy-
rite and galens bubt earlier than the sphalerite. Grains in this

association resch 2 meximum size of G.08 mme.

Gold in Blebs of Soft Gemgue. -- Fine gold occurs in

blebs of seft gangue in the transparent querbz, in sugar gquarts

(6Q 99, 199, 144), and in calcite boxwork quartz (CQ 70). The
blebs of gold are generally so minute (0.002 mm) thet they are dif-
ficgult Yo disbinguish from chalcopyrite. Often they are apparently
maffected by KCN. In several spscimens asseying over 2 ounces of
gold per ton, these yellow specks were the only apparent source of

the values.

Gold in Greenish Quartz. =- Coarse gold alsoc occurs in

greenish quertz and in trensparent guwertz intimately assooiated with
the greemish quartz (CQ 54 and 202). Such gold may be accompanied
by argentite. Fracturing has controlled the distribution of the

greenish guarbz, gold and argentite.
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Gold in Late Soft Gangue. == The late "soft" gangue

of fine grained alunite, gquartz and dickite, which veins the ear-
lier quartz types, carries minute grains of gold. This gold is
often tarnished (CQ 200). Specimens with this soft gangue often
yield high gold values without any epparent mineralization. Accom-
panying this alunite-bearing ga.ngue there may be o fine-grained
silicificetion of porcelain or clay-~like texture which occasionally
carrieé g little cimnaebar. This gold mineralization is character-
istic of the upper or north end of the ore shoots on the 700 level
and of the Silver Prince 150 level shoot, but is probably most

extensively developed in the surface Cactus Hill pit.

Gold in Amalgem. == On the superpanner a few globules of

native mercury and emelgen were noted. This emalgem probebly devel-
oped during the grinding of the ore. BSome of the gold noted on the

superpenner was actually electrum.

4. Mercury snd Arsenic Minerals.

Cinnabar and Native Mercury. -- The presence of cimneber

and mercury were first determined in this ore from a study of the
superpammer concentrates. This was confirmed by & chemical analysis
(Smith-Emery Company) of the mill concentrates which showed 0.27%
mercury present. This amount equs.ll;d that of the lead, and was
two times that of the copper present.

In polished sections of the ore, cinnsbar is apparently

less readily identified since & much lower proportion of cinmabar



to the other sulphides was found than in the panner concentrates.
Cinnsbar occurs in fine grained porcelleneous alunite-
dickite-quartsz gengue (CQ 101). in the greenish quartz (CQ 76), or
glassy suger quartz. Vugs in a suger quartz (CQ 75) with greenish
cast contain grepe-like clusters of black aund silvery globules.
Both give microchemical tests for mercury. The black globules may

be cinnaber as the streak is red, the others may be amalgem.

Realgar and Orpiment. -- These minersls occur as minute

grains in cavities filled with alunite and in specimens containing
barite and slunite (CQ 101). These minerals mppesr to be assoclated

with cimngbar.

5. Gengue and Non-Opague Minersls.

Quartz. ~-= Quartz of several different types forms the
bulk {probebly over 90%) of the vein meberiasl but lecally alunite,

jerosites, berite and dickite may be of impertance.

Carbonates. -~- The complets absence of caleite or other
carbonate minerals, except minor siderite, is notewerthy. The former
presence of caleite in the veins is indicated by the so-called box-
work quertz (CQ 62) which forms as the result of a replacement of
caleite by fine-grained white quertz in which the cleavage pattern
and oubline of the former calecite crystsls are preserved.

Siderite is found lecally on the N700 level in bobry-
oidal banding around fragwents of vein guarbz and al’kefed wall rock

§oq 230).
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Minor Gangue Minerals. -- A few grains of telc snd

sericite,cccupying what ere probably the “ghosts" of former feld-
spar phenocrysts in replaced wall rock, were noted. Zircom and
rutile were sbundent in the superpanner concentrate and probebly

were derived from fragments of commtry rocks in the ore.

Barite. -- Barite formed up to 3% of the gengue min-
erals in some of the superpanner determinetions. It ceclrs with or
near the alunite type of gangue as large orystals lining vugs in

guartz (CQ 51) and on late fracture plenes (CQ 102).

\

Alunite.-= This is a common gengue mineral. Its usual
associates are dickite and a fine grained silica. It ocours in the
soft white gangue £illing blebs in gquartz, corroding early sulphides,
or veining or coabting brecciated quartz. The alunite of'ten hes a
slightly higher index then that given for pure alunite. This and
the faect that sane of the slumite tuins rusty brown in X0H, indi-

cates isomorphism with jerosite.

Dickite. «= The only clasy mineral noted wes dickite.
It is essociated with the slunite and fine grained silica. Ths
dickite-slunite-quartz type of gangue reaches its highest degree of
development and shows the most marked sepsratbtion intc distinet alte-

rotion zones in the Cacbus Hill pit..

Jarosites. -»= Hinerals of this group were common in the
superpanney middlings product. A spectrographic snalysis end micro-

chemionl tests indicsbe that it is meinly jarosite with some plumbo-



Jarosite. The low silver velue of the product shows that argento-
Jarosite is not common. The jarosites were not distinguished in
the sawn end polished sections. They are probably to be found in
the elunite~dickite-silica asscclation. Seme of the so-called

brown limonite gengue may be jarosite.

6. Supergene Oxide Minerals.

The supergene oxides é:f iren, limonite and hematite,
coat the quartz fragments of the Cactus velin down bo, and in some
areas on, the 700 level. In the uppsr levels the coating is uni-
formly 1ight brown. On the 500 levels and wherever native silver
oCouUrs, "ma conting is & derk brown, suggesting thal menganese may
be present in these spobs. In the wide stope between the 5OD snd
700 levels, the sbove two types of rusty coaltings ars sccompanied
by one of bright brick red. On the 700 level the brown oxidized
coatings grade through light yellow brown $o yellow, ‘then to the
white of the alunite-dickite-silice coatings. No ebttempt has been
mede to determine the exact composition of these various costings.
In polished section li:aanite and hemstite (hydrous anisobropic)
follow frecturss in the gquarbz. Limonite,repleacing sulphide blebs
in the upper levels, is much less common then would be expected.
Replacement of early sulphides seem 'fc& have been mainly by the soft
white gangue rather than by limonite. Tough anisotropic hydrous
hematite with red inbernal reflechion generslly follows the seme
fractures as the native silver and was possibly esrlier i:h%n the

silver (CQ 4).
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RESULTS OBTAINED FiOM STUDY OF MILL PRODUCIS AND ORES
USING THE HAULTAIN SUPERPARNER

Preceding the present study of +the Cactus deposits hy
mesns of sewn surfaces snd polished sections, cansiderable time
was spent by the writer in prepering concentrate, middlings and
tailing products of ore and mill products, using the Haultain super-
panners

This sbudy was not carried to its conclusion hecause of
the difficulty of separating end identifying meny of the minube
grains, snd becmuse, as the mill recovery is high and sa‘t;i&fa&tar;;;,
no useful purpose could be served by meking u leborious guantitative
sbudy of the minerals present in the various producks. These prod-
ucts are evailable for study should need arise.

In order to obtain satisfactorily clean sepearations on
the superpenner,it was found necessary first o size the material
using in & Rotep mochine o set of screens ranging from 1006 Lo 250
mesh in 20 mesh inbervals. The best separnbions were vbtained on
the panner in the range 180 to 250 mesh. The following are the more

interesbing of the results obtained:

1. Bven invi:ha =-250 mesh products there are sbill mixed
grains of guartz end sulphide. AL }.gﬁ mesh 20% of the sulphides
were atbached Lo guartz.

2. The minerals determined in the superpenmer studies

of the ore, correspond with those determined in polished section.
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The superpanner however emphesized clearly the presence in the orve
of considergble ainnabarraﬁd some natvive mercury.

B¢ The gold, as observed in the concentrmtes of the
ores and mill heads, cccurred in several different forms, = reﬁgh
bright electrum-like gold, gold with bronsgy and rusty stains,
nodular gold, crystalline gold, end amalgem balls. The last may
have developed in the ball mill from the native mercury snd gold of
the ore.

4. The niddlings products of ore, mill heads, end flo-
tation and cyanide teils, conteined considerable jarosites and
limonibte. A spectrographic analysis of the product showed only low
values in silver, so probably the jarosites ares principally jerosite
and plumbojerosite, while arpenmtojarosite occurs in only small
amounts.

5. In the cyenide tails the following minerals were
found: Chalcopyrite, ruby silver, sphalerite, electrum, cimmebar,
and minor native mercury. These minersls are usually coarser than
the everage prain size of the tailings. The tailings losses are
probebly mostly in silver end gold wvelues enclosed in the common
sulphides and in blebs still surrounded by guartz. Because of the
relatively large volume of jarosites in the tails, there may be some

silver losses as argenbojerosite.
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IYPES OF GANGUE

The prineipal gengue types in approximetely their
order of deposition are: 1. White and grey replacement guarts,

2. Bony white qué.rbz, 3. Goarsely crystalline euhedral glassy
quertz, 4. Transperent quartz, 5. Dark grey quertz (dissem—
inated mineralization), 6. Caleite boxwork quartz, 7. White and
transparent sugar quartz, 8. Greenish quartz, 9. Alunite~dickite~
silica gangue, 10. Silica assoclated with limonite.

The writer has not studied these vaﬂous gangues petro-
graphicelly. The following notes are from study of the sawn or
polished surfaces under reflected light and the deseriptions are of
the various gangue types as seen under those conditions.

As some of these gangues characteristically cerry high
valuss while cthers are notebly barren, the reletionshkips and dis-
tribution of the gengues is of prime importance. Indeed, the
distribution of the wvalues seems to depend more on the relative
amounts of the various gangues present thean on zoning within the
veln as & wholes

The deposition of the various gangues is subdivided by
several periods of fracburing and brecciation. Xach successive
fracture pattern wes the dominant conbtrol in the distribution of
the succeeding gengue. Typicel epithermal banding is developed
only lecally, presumably mainly arommd fragments and in isolated

vugs. This repested fracturing asnd brecciation was so intense that
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five or more separete and distinel pengues may be present in a
single polished section.

Sufficient detailed underground mepping snd study has
not been completed to satisfactorily correlate intermineral frac-
tures end the vein pattern with the distribution of assay velues.
However, the work completed does suggest & very definite corrslastion

and one which mey be of decided sconomic importance.

1. White and Grey Replacement Quartz.

White and grey replacement quartz is low grade and
poorly minerelized (CQ 81 end 51). This replacement quartz grades
into albered wall rock. In this altered wall rock occur euhedral
pyrite erystals. These may have been deposited from the same solu-

tions as the replacement quarbz.

2. Bony White Quarts.

The bony white quarbtz alsec appears deveid of eny mineral-
ization. It is tough, dense, and wniformly fine greined. Under the
microscope the quartz grains ere anhedral with interlocking boundaries.
Yo evidence that this is a m.placezmnis quertz was noted in the thin
gsection exemined. However, much of this bony quartz might be a replace-
ment. Dr. Fraser has evidence indiezz‘sing thet e bony quartz from the
upper levels is & replacement of gouge.

The bony quartz is characterized by a lack of the small

blebs either of mineral or of soft gengue such as cccur in the later



- 2] -

transparent quartz. The low grede of much of the upper portions
of the Cactus vein is clearly due to the relative sbundance of this
bony guertz. In richer portions of the vein this quertz is
generally brecciated, veined, and surrounded by the ore-bearing

later gangues.

3. Coarsely Crystalline Buhedral Glassy Quartz.

The coarsely crystalline evhedrel glassy gquarbz occurs
in well shaped crystels up to three-fourths inches in length. I%
is earlier than the transparent mineralized quartz into which it
sometimes seems to grade. CGenerally its boundaries with the trens-
parent quartz are clean cut. In the narrow, high grade silver veins
containing ebundant ruby silvers this coarsely crystalline guartz is
often smythestine (0§ 147). Although these quarbz erystels are un-
mineralized except for mineralizetion origineting in the transparent
quartz, they are alweys associated with the treansparent quartz end
might possibly be an earlier coarsely crystalline phase of the trans-

parent guartz.

4. Tremsparent Quartz.

The ‘transparent quartz is the host gemgwe of the common
sulfide mineraslizetion, the ruby silvers, the bulk of the argentibe
and some of the gold minerealization.. It commonly veins the earlier
breceiated white bony and replecement quertz end is ibself brsccisted
and veined by the later gengues. It is colorless %o white and under

the microscope, light penetrates the quertz to s considsrable depth
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hence the neme trensparent quartz. In combrast, the barren white
bony quartz has little tremsparency end appears a "deed® white.
The distribution of this quartz seems Lo be controlled largely by

refracturing end reopening of the vein.

5. Dark Grey Guartz (Disseminated Mineralization).

The dark grey disseminated quartz is a variety of the
transparent guarbtz so filled with very fine sulfides as to appear
dark grey. These sulfides are often needles of arsenopyrite or

ruby silvers end covellite replacing arsenopyrite (CQ 216 and 193).

6. Caleite Boxwork Quartz.

Calcite boxwork guartz is e white Lo trensparent, fine
grained, almost sugary quarts (CQ 62) which has complebely repleced
the coarsely crystalline caleite once present in the wein. The
cleavage faces of the caleite are preserved as ghost structures in the
quartz. -V#gs in this quartz may be lined with small quertz crystals
and filled with the soft gangue. When this soft gengue is present,
velues may be high (CQ 65) but no mineralization oceurs within the

boxwork gquarbtz itself.

7« White and Transparent Sugar Quartz.

The white and the transparent sugar quartz both have g
characteristic sugary texbure on a sawn surface but they are not ab
all frisble. The relationships of the suger guartz to the other
gangues are not es spparent as they are in the case of many of the
other gangue types. As mentioned sbove the caloite boxwork quartz is

usually a white sugar quartz. In genersl the sugar quartz seems to
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be more closely mssocisted with the transparent quartz than with
the earlier gmgueé; They, however, are much more lightly mineral-
ised. The common sulfides are rare. The silver minerals are
found in blebs in or near erystal-lined cavities (CQ 138). Blsbs
of gold occur in the cavities filled with soft gengue (CQ 99) in e
mamnmer similer %o the ocenrrence in the transparent guartz. Often

specimens :agyérgﬁt&sr unmineraliged yield good values (CQ 70 end 75).

8, Gresnish Quartz.

The greenish quertz iz of much more restricted occur-
rence than the above types. It cccurs as narrow tapering veinlebs
cutbting the earlier guartz types. It is localized around areas
cheracterized by the alunite type of gangue. The cherecteristic
mineralization in this guartz is coarse and Pine gold and srgentite
(0Q 54) bub occasionally minor eommon sulfides cccur (CQ 202). The
gold mey ocour in cavities lined with quarbz erystels. This
greenish quertz may be an early phase of the succeeding alunite-

type gemgue.

9, A};mazi'tsamck%e-ﬁ ilica {E’r&nguaw

The alunite-dickite-silica gengue varies in the relative
proportions of each of these minerals. It iIs found on the northern
or upper end of the three guartz lenses or segments on the 700 level,
on the 150 level of the Silver i’rinc;, and atbeins its meximum
development in the Cectus Hill pit workings. In the Cacbus 7ill pit
it is separsted into areas of alunitizetion, keolinization (dieki'bé?}

and silicificetion. The extensive and strong alberation of the area
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may indieabe that deposition toock place very close to the surface.
The effects on the 150 level Silver Prince are intermediate between
those seen in the Cactus Hill pit and thoss on the 700 level of the
Cactus Queen. On both henging and footwalls of the Silver Prince
vein there is o wide zone (15' 2) of silicificetion accompanied by
alunite snd dickite. A greater proportion of the gold-silver

values seem %o be clesely related to the greenish quartz and alumite
bearing gangues. On the 700 level the alunite bearing gaﬁgue veins
the tramsparent and cther earlier quartzes, and coats the fractured
guartz of the vein. The principal values associsbed with this gangue
are as gold which oceurs in or mear it (CQ 201). All of the ecimmebar,
realger, orpiment (CQ 101), barite (CQ 102) and some jarosites are
associated with this gangue.

The soft gengue which occurs in blebs in the transparent
quartz is thought to be of similar slunite-dickite-gquartz composition.
It corrodes the early pyrite (CQ 109), seems to have been responsible
for some of the covellite, stromeyerite replacement of the- comnon

sulfides (CQ 48), and contains minute blebs (0.001 mm) of gold {CQ 99).

lf{}q 8ilice Associsted with Limonits.

The silica, associated with the limonite along fractures
and coating the specimens, is sometimes tough end springy. This may
be supergene. IThe amount is small and there hes been very little of
any cementation of the vein fragments by silica earried by descending

waters.
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TEXTURES AND PARAGENESIS OF THBE

METALLIC MINERALS

Pine grain end light minerallzstion are the outsbend-
ing characteristics of the Gactﬁa ores. It is difficult %o
determine in many cases the textural and parsgenetic reletionships
of the minerals present. Approximately 85% of the mimerelization
in the deposit occurs as isolated blebs or erystals, each separated
from its neighbor by a reletively great distance of barren gquartz
and without eny comnecting fractures or veinlets. This resulbs in
the "spotted™ appearance of most of the ore.

Balow the 500 level in the Cactus mine there is loeally
& heavy sulphide minerelizetion with hend specimens showing 1%

sulphidese.

Percentage of Metalliec Minerals in the Ore.

The ratio of concentration between mill heads and flote-
tion concentretes is 1:200. These concentrates are two thirds gangue
end one third metallic minerals. The metallic minersls then comprise
0.2% of the ore by weight. This value of 0.2% metallic minersls in
the ore is only an approximation because the concentrstes do not in-
clude the minerals carried over inbo the Flobtation Tails (Cyanide
Heads) but they do include some pyrite from altered wall rock.

In the "spotted” or blebby type of ore, the average
percentere of metallic minerels is even lower than the aversge for

the ore deposit as & vhole. In hend specimen it is impossible to



distinguish the minerals other then occasional large pyrite crystals.
In good grade ore the balance of the minerals appears as “spots.”
The ore of the Cactus Hill pit seems devoid of mineralizetion bub on
erushling and panning yields sbundent fine gold.

The heevy mineralizstion eversges ebout 1% sulphides.
The maximum nobed was sbout 107 sulphide for a picked hand specimen

but samples showing over 3% sulphide are rare.

Grain 3ize>

There is & wide renge in grein size. The smallest
mineral greins are below 0.001 mm in diameter, the largest grain
noted, one composed of seversl minerals, was over 3 mm in diznmeter.
The average grain size is of the order of 0.00 rm. This necessitates
fine grinding in willing the ors.

In the "spobted" ores the blebs or crystals range in size
from & few wmicroms up L-E;e 0.5 mm, or larger in the case of pyrite. In
general sn increase in the amount of mineralization is accompanied by
a corresponding increase in grain size.

The heavy sulphide ores show & marked increese in grain
size over that of the blebby ore. In well f&inamlized specimens,
grains up to 0.6 mn are common. Complex grains composed of the common
sulphides end ruby silvers, occasionally atbain e dismeter of 1.5 nm.

The maximom poted wes 3 mm.

Paz‘ag enegis.

The heavily mineralized specimens have ylelded more come

plete information on the paragenesis of the minerals, but the same



textural and age relationships hold true for the "spotied™ ores.
In mineralization eccompanying the .trmparant guartz, the paragene-
sis iss

1. Pyrite and marcasite

2. Arsenopyrite (not present in heavy
sulphide types)s

3o Chaleopyrite

4. Galena

5. Gold (assocciated with galens).

6. Sphalerite

7« Pyrargyrite snd proustite

8. Polybasite aﬁd pearceile

9. Covellite and argentite-stromsyerite
10. Gold

11. Realgar, orpiment, cinnsbar

i

8, 10 and 11 are essociated with the late soft whilte alumite bearing
ganguse.

The ebove paragenesis gives the order of the periods of
maximum deposition for each mineral. There is some overlay for ex-
ample sphalerite in miror smounts seems to have ranged from earlier

then the galena te later than the ruby silvers (CQ 144)

Textural and Paragenetic Relations for the Various Minerals.

Some of the texbtural reletionships were discussed above
under MINERALOGY in the descriptions of the individual minerals.
The metallic minerals with the possible exception of nabive silver

and some of the argentite, were deposited from hypogeme solutions,



All the hypogene minerals formed both originsl grains and replace-
ments of the earlier sulphides. Exceptions Lo this are the minute
end iscleted monomineralic blebs of gold, cimnsbar, realpar and
orpiment found in the soft gangus. The characteristics of each

gangue are detailed in the following sections.

Minerals in Transparent Quarbz.-- Approximately 987% of

the common sulphide minera}iza‘bim, 90% of the ruby silvers, 65% of
the ergentite and sbout 40% of the gold im the ore occurs in the transe
parent quartz or soft gengue blebs therein.

In the "spotted” ore of above the 500 level, pyrite and
argentite~stromeyerite are the dominant minerals, while sphalerite
and chalcopyrite are uncommone This type of ore conbtinues to the
lowest levels bubt with increasing depth there is an increase in the
relative amount of the heavy sulphide type of zﬁineralizaticn.

In the heevy sulphide type, ths conmon sulphides, pyrite,
chalcopyrite, sphalerite and a lesser amount of galena are present
and comprise from 35% to 100% of the minerslization. Phe balance is
prineipally ruby silvers, polybasite and pearceite, and lesser amounts
of shromeyerite end golde

The details of the paragenetie and texbural relations for

the minerals present in the transperent guartz gangue are as follows:

1. Pyrite, the earliest sulphide, may show crystal oube
lines, bubt where in contact with soft gangue or other sulphides i%
has been eaten into and replaced by them (CQ 131). Marcasite seems

to heve been more amenable to replacement by ruby silvers than was

pyrite (CQ 95)-



2. Avsenopyrite is not féuﬂd in conbact with pyrite

or chalcopyrite but is earlier than sphalerite (CQ 196). Needles
of arsenopyribe are commonly replaced by covellite and stromeyerite
(cq 218)-

3. Chalecopyrite has replaced snd veined the pyrite

(CQ 47) and indeed some of the pyrite was corroded by quartz before
attack by chelcopyrite (CQ 82).

4. Galems is nearly contemporaneous with chaleopyrite
(CQ 88). Before the common replacement of galena by sphalerite
(cq 55) end stromeyerite (CQ 49) took place, there must have been
considerably more galena. These minerals seem to have had s
greater effinity for replecing gelena when it was present than for
replacing pyrite and chalcopyrite. The replecement of galema by
ruby silvers (CQ 147) has been less common.

5. Relatively coarse gold occurs with the common sul-
phide mineralizetion and seems to favor galens~chalcopyrite contaclts.
Some of the anomalous relations such as blebs of gold in sphalerite
(¢Q 68) end pyrargyrite (GG 147) might be explained by the post-gold
replacement of chelcopyrite and galena by those ninerals.

6. Sphalerite r.eplaegs pyrite, marcasite, chalcopyrite
end galena. The commonest exemple is the replacement of palena where
large crystals of galena have been so completely replaced by sphal-
erite thet only small blebs of galens are left in the sphalerite
(CQ 47)and 55). The arrangement of these blebs suggests contrel of
the replacement by cleavege directions in the galena. As discussed

ebove, specimens showing sphalerite spparently later than ruby
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silvers snd polybasite (CQ 144) msy result from a partisl replace-
ment of gmlenas by sphalerite followed by a replacement of the
balance of the galena by later minerals.

7. Pyrargyrite and proustite replace the earlier com-
mon sulphides. Proustite seems to favor thse replacement of mavcasite,
and pyrargyrite that of chalcopyrite. Pyrargyrite replsces sphal-
erite {C§ 147). YVeinlets of proustite, following hair-like fractures,
cut across several earlier types of gangue (CQ 150). These veinlets
seem to have originsted near centers of heavy ruby silver minersliza-
tion. They are not of supergene origin. The pyrargyrite in places
contains blebs of chaleopyrite (CQ 10) and gold (CQ 147).

8. Polybasite snd psarceite cecour only in specimens

with heavy common sulphide-ruby silver mineralization. FPolybaslite
is associated with the chalcopyrite (CQ 82 and 147). -The +ime rela~
tionships between the ruby silvers and these minerals are not clear
but from their occcurrence snd assoclabions it appears that they were
neax;ly conbemporaneous. The ruby silvers are probably a little
sarlier.

9. Covellite and argentite-stromeyerite are closely

associated. Soft gengue is nearly alweys present where blebs of
these minergls occur in the transparent quartz, or where they are
found replacing esrliser sulphides. Complex grains of covellite snd
stromeyerite are common in the “spat:ted” type of ore (CQ 54 and 122).
In the replacement of chelcopyrite by covellite a reaction rim of
bornite may be developed (CQ 48). The sphalerite is often besubi-

fully rimmed by covellite (CQ 47) end soft gengue. Many grains of



argentite have outlines and bexbtures suggesting replacement of
earlier galene by argentite (CQ 49). Larpge crystals of polybasite
and pyrergyrite occasionally show a "cracked porcelain®™ texture
veined by stromeyerite (CQ 130).

10. Then gold occurs in tﬁe blebs of soft gengue (CQ 202)
within transparent guertz, other minerals are usually ebsent in the
bleb. Theseé gold grains are extremely fine grained, probably aver-
aging only & few microns in diameter.

11l. Reslgar, orpiment snd cimnabar rarely occur in the

transparent quartz bub are associated with the later gangues (CQ 101).
The foregoing observations cover the bexbural and para-

genetic relationships of the minerals in the transparent quariz.

Minerals in the Post-Irensparent Quartz Genguess, == The

nﬁner&liz;ﬁion associated with the later gemgues 1s much sparser

but the gold and silver conbent is gemerally high. This mineraliza-
tion is similer in type to that found in the blebs of "soft” gangue
in the transparent guartz. In sugar quertz and boxwork guartz, gold
{Cq 99) end & little argentite (C§ 138) occour in the soft gsngue blebs
end cavities. In the greenish guarbz the gold may be quite coarse
(0.10 mn) end arpentite and gold mey occur along fractures (CQ 54

and 218).

The"soft" gangue of quartz, alunite, dickite, jarosite
and berite contains less argentite relative to the gold and minor
smounts of realgar, orpiment and cioneber. Since these minerals are
seen only in minute isolated grains, there is little chance to deter-

mine the paragenesis.
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l¥inerals Assoclated with Supergene Oxides of Iroms ==

The native silver mineralization which is associated with the rusty
brown "limonitie" veinlets and coatings is probably leber them the
hard "limonitic"(hydrous hematite) veinlets and coatings (CQ 4 and
145). Some of the native silver occurs along fractures with a sofi,
brown tc white gengue and these f{ractures cut the hard limonite
veinlets. Argentite occurs slong the same fractures as native silver
(cq 145).

The occurrence of native silver smnd associated argentite
can be considered as the resuls of supergene processes unless the
present limonitic veinlets were jarosites at the time of deposition
of the native silver, and subseguently were oxidized by supergene
waters after the deposition of the silver, or unless oxidation of
the original vein took place before the influx of a late hypogene
silver<bearing soft gangue. Bobth these possibilities at present
secen less acceptable than & supergene origin for the native silver

and assoclated argentite. A petrogrephic study would have to be

mede in order to arrive st a definite conclusion.



STUMMARY OF VEIN HISTORY

The following table divides the history of the vein

into four principsl phases of gangue and mineral deposition, each

separsted by a period of brecciation and faulting.

The conbrol of

these periods of reopening has played a large part in the disbri-

bution of the succeeding generation of gangue and metellic minerals.

Yajor end Minor Gangues

Hinerslization and Parsgenesis

Breccistion and Faulting

(2) white and grey replacement
quarts

1. White bony guartz

Pyrite in wall rock ?

Barren,no mineralization.

Brecciation and Faulting

(a) coarse glassy evhedral
guarts

% . Transparent guerbs

In blebs of soft gangue

within transperent quar%z}\\\\\

(alunite, dickite ebocs)

{b) dark grey (disseminated)
quartz

(¢) caleite boxwork quartz
(d) sugar quartz

{“8. Covellite and chalcocite
1

Barren except where bordered
end fractured by the minersl-
izatlon accompanying later
transparent quartz.

1. Pyrite, marcasite, arsenopyrite
2. Chalcopyrite

3. Galena

4. Gold

5. Sphalerite ;
6. Pyrargyrite and proustite
7. Polybasite and pearcelte

9. Argentite-stromeyerite
0. Gold

9. Argentite )

10. Gold ) in blebs of soft

gangue




Breccliation emd Faulbting

3. "Soft" gangue of guartz,

(a) greenish quartsz

glunite, dickite and barite

{b) separation of soft
gangue in Cactus Hill pit
into areas of silicifica-
tion end velin quertz

Alunitizetion

Kaolinizetion (dickite)

=
10.
11.

e
1&.
11.

10.

Very minor common sulphides

Argentite

Gold

Realgar, orpiment and
cimsabar

Argentite
Gold

Realgayr, orpiment and
¢innabay

Gold
Barren

Barren

Brececistion and Faulting

4o

Supergene development of
limonite, hematite, sbe.

Late solt gangue ?

12.

Hative Silver and argentite

This table emphasizes the relationship of the various

gangues to the type of mineralization.

sition of the common sulphides, gold and ruby silvers.

In Stage 2 the trensparent quarbz accompsnied the depo-

But the

trensparent guertz solutions evidently contained a small proportien

of the constituents of the soft gangue of Stage &, since the final

stage of crystallization of the transparent quartz gengue produced

smell patches of the soft gangue within the quartz.

These blebs of




soft gangue conbain covellite, argentite and gold es filling in
the blebs, and as replacemsnts of earllier sulphides in transpar-
ent gquartz.

The greenish guartz represents & further incresse in
the percentape of the soft gengue minerals. Its mineralization was
argentite, gold eand realger, orpiment and cimmeber. The sofd
gangue had a similar minerslizastion. In Cacbus Hill pit the com-
ponents of the soft gangue have separated into areas of silicifice-
$ion, carrying pood values in fine gold and barren areas of
slunitization end kaolinizeitlon.

In Stage 4, with limonite and other rusty coabtings of
supergene origin, there is assnciéted the native silver and a very

small proportion of the total argenbite.



SUPERGENE EFFECIE AVD SECONDARY EWRICHNENT

As described sbove, the frogments of vein quertz sbove
the 700 level have besn coabed with limonite snd other rusty
products. On and below the 700 level this coating changes to a
light yellow to white coating of querts,alunite, dickite and barite.
The alunite probably contains some jerosite bscause in an alkaline
© solubion (RKOH) it furns to & brown coler similar to the so-called
limonite costing of the upper levels. In other words, the rusty
coatings, typical of fragments of the upper levels, mey have re-
sulted from the exi&aﬁian by meteoric waters of the iron salready in
situ, as the aluniﬁemjarasiﬁe gangue coating, rather then from the
descent of solubions vich in irom. The other alternative would be
thaet the slunite coatings are & supergene effect lying below the
limonite conbed zme. There is no factuel or mineralogical data
favoring this latber alternative end there is strong evidence to the
contrary.

These rusty coatings when on guartz are purely surface
features. There is little if eny pemetrabiom of the rust into the
guertz except in netive silver éyeeimans. Of course, where the soft
gangue, gouge, or altered country rock are present on the surface
of the fragmert, penetrebion is much desper.

To have effected much int%he‘way of supergene enrich-
ment of original silver mineralizetion in the quarbtz of the vein,
the descending surfece waters would have had to accomplish the

following:



1) A leached zone low in silver mear the
surfece in which originel mineral grains
would be represented by empby cavities or
limonite filled blebs.
23 A pertially leached zone in which the
mineralization bordering the surface of
guartz fragments would be leached or replaced
by limonite, while that towards the center
would be unaffected.
3) A seconderily enriched zone just shove
and at the water table where there would be
supergene silver minerals deposgited along
fractures or replacing other sulphides.
Accompanying secandery copper minersls should
be present at lesst in minor amounts.

These effects are not present in the vein. The leached or
limonite~filled cavities are not common. Limonite replacing pyrite is
rare. MAn upper leached end lower secondarily enriched silver zone
would show the upper zone to be high in gold relative to silver and
the lower zone high in silver relative to gold. The sulphides‘ﬁhroughu
out are remarkebly fresh snd free from oxidation.

The native silver specimens (CQ 145) show some of these
supergene effects, namely e deep penetration of the rusty iron oxides
into the guartz and a conbrol of mineralizatién by fracturing.

Assuming the soft alunite gengue of Stage 3, and the soft

gangue blebs in the transparent quarbz, to be supergene, the covellite



snd argentite would be supergene, the realgar, orpiment and cinna~
bar supergens, and the gold would also have to be either supergene
or residual. Mineralogically the chances thet the gold, resigar,
orpiment and cimnebar could bs supergene are very remote. Mineral-
ogienlly the possibilities of the covsllite and argentite belng
supergene are much bebtbter bubt bexburally they are poor. In order %o
heve sx@a}rgene srgentite in the spotted ore of the upper levels it
would be necessery for the mineral besring solutions to diffuse
throughout the dense quartz withoub any preference for channelways,
and deposit bthe soft white gengue and covelllite and argentite in
empby blebs, or replace earlisr sulphides. A supergene origin for
covellite and argentite in the spotbted ores is exbtremely unlikely.

Sz;@ergﬂne enrichment probably exisbts in the deposit to
a limited exbtsut. The native silver minerslizetion is more likely
supergene then hypogene. Coastings of the soft gengue of Sbage 3
probably were formed on the gusrbs fragments of sawe parts of the
upper levels in a manner similar to the coabings o the north ends
of the guartz lenses on the 700 level. These coatings wuld have
been easily oxidized by descending wabers sc that there is the pos-
sibility thet the rusty coatings snd fillings between the quartz
fragments were sscondarily enriched nser the water table. Such
action may sccount for the origin end distribubtion of the native
silver.

A sample showing a heavy rusty costing or gouge sure

rounding fractured vein fragments was washed. The rusty costing
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assayed $8.00 es sgainst §15.00 for the shatbtered guartz. This
indicates thet thess coabings in places cerry s small bub appro-
cigble fraction of the tobtal wvalues. They would be susceptible

to superpene leaching end enrichment.



ZONING IN THE ORE DEPOSIIS

Imperfect but disbtinet zoning occurs on scales
renging from that seen in polished section, through zoning of in-
dividunl guartz lenses, zoning of ninmsralizabion in the transparent
gquartz, to zoning of the varlous pangue snd mineralization types in
the deposit as a whole.

In hand specimen or polished secbion zoning or banding
of %the m:’izzeralizé.tion is seen only in the heavy sulphide type of
mineralization and then only in the narrow hangingwall, ruby silver
rich veln (CQ 147) and in some balls of hesvily mineralized querts
{CQ 88). In these specimens the crude bands are of concentrations
of 1) pyrite, 2) chalcopyrite, gelena, sphelerite, 3) ruby silvers.

In e vertical section of en idealized vein with the
mineralogy snd gangue essoclations as shown in the table on page 33,
cne would expect the vein to be zoned up the dip with the meximum
concentrations of the early minerals at the bottom of the vein, and
on going up the dip to pass through zones relatively rich in the
suceeeding minerals.

This is true in o gsneral wey in btransparent quartz.
Yihen compared with the other wminerals present, the meximum relative
concentretions of pyrite end chealoopyrite oceur below the TOO levels
of galene and sphalerite at the 700 level; of ruby silvers between
the 700 and 550 levels; of argentite and cowvellite above the 500

lovel.



Above the 500 level the core is typically of the "spobtted®
type, below this there is e zone relabively rich in coarser ruby
silvers, while the heavy conmon sulphide ores with silver minerals
gcour below the 650 level.

Baegh of the three large guartz lemses of the 700 level
north, show & similar zoninpg. Cross-feulbts form the north end of
emch lens. The lower or soubhern end of each of the three complex
bodies Ga;?l“iﬁﬁ a2 heavy common sulphide and yuby silver nminerslizebions
the upper central part shows good values in s much lighter mineral-
izetion, mainly argentite and gold: while the northerly peortion shows
an abundance of the soft ganpue of Stege & with ,gald;( cimnaber,
realpar snd orpiment. This is true in 8 general way for each of the
three bodies. The ebundence of soft ganguwe at the northern end under
the fault is probably due however tuo reopening of the vein by inter
mineralizatbion movement slong the lault. The late softt ganpue solu-~
tions travellsd up in the vein in the reopened portions under the
fanlt.

The Cesctus Hill pit represents the final end highest
development of Shepe 3. The 700 end 800 levels (actus represent the
earliest exposed part of Stage 2. The Silver Prince shows character-
isties of the latber part of Stage 2 and earlier part of Stege 3.

The bony guarbtz of Stage 1 is present in the Cactus veins from the
lowest level (800) to the surface. The high proportion of this bony
gquarts, relative to the leter mineralized e:gmrkz s in parts of the

upper levels accounbts for the low values there.



In the conbtrol of the distribution end locslizetion of
ore, zoning is of much less importemce than the repeated inter-
minerallizstion brecciation and feulting. Zoning however indicates
for the Cectus vein a probable gradual diminution of silver values
within several humdred feeb below the lowe:si; present level even if
the vein goes down. Again it mey indicate possibilities of a é_hange‘

with depth in the type of mineralizetion of the Cacbus Hill pit.



POSSIBLE ECONOMIC APPLICATIONS OF THIS STUDY

i% has been shown that a large proportion of the gold
and silver values throughout tha-ﬁeyesit are of primery and hypow-
gene origin. Hence the relationships of the present surface and
water teble can have little control over the eore shoobs.

The distribubion of the ore bearing gaugues of Stage 2
and 3 was conbrolled by the inbermineralizabion brecciation and
reopening of portions of the vein. Thils resulted from movementis
exprossed mainly as N-8 cross-faulting bubt possibly accompanied by
movements on the veln itself. Thorough mapping of the structure,
both in the veins and wall rocks, is needed to supply the debails
Tor this eres. This date could then be epplied in the search for.
ore on kunown veins snd in the ex@loratiaﬁ for new veins.

Ouberops of barren guerbz on the surface should be care-
 fully exemined along their strike for possible intersection with cross-
i&fnults of the age and type that could produce ors shoots. Also the
:ﬂﬁnsralogy-ef such veins and their texbture should be examined with the
purpose of debermining their fevorability at horizoms other then thab
~ exposed.

Veins or portions of veins with only bony white guartz
are unfavorable. There hed to be re-brecciation of this bony quartz
to allow access of the transparent gueriz and later ore-bearing
genguess ITransparent Quartz, if present, even although locally barren

may indicate ore near by. Alunite alteratsion should be followed up



under the controlling fault. In the mine the projection of inbter-
mineralization cross-faults might indicate possibilities of ore
shoots shead of faces which were stopped in barren zones.

Because the dominant control of the ore is structural
rather than by either supergene or hypogene zouning, deteliled map-
ping of the structural picture would bs a waluable sid in the further

exploration of the deposibs.



