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THE INTRUSIVE DIABASE BODY IN THE NO. 1 MINE OF THE RAY CONSOLIDATED

COPPER CO., RAY.ARIZONA.

Introduction.

- The mass of altered diabase described by Ransome in U.S.G.S. Profession-
al Papep 115, " The Copper Depoeits of Ray and Miami,Arizona“,\?!Slforms thé most
siznificant geologic#l feature in the No.! and No.3 Mines at Rey. Ransome des-
eribes it as:.ill,the exact shape of which is unknown)but which is roughly tab-
ular and dips in angeneral way to the E or NE . Investigétion done by the ge-
olegists on the company's staff,inclufling the writer,since Mr. Ransome's work at
the mine,seems o point to the probability that the mass is of the nature of a
stock,rather than a sill. Whether it be a stock or a sill is not relevant to the
purpose of thie paperj the point of interest touthetedonomic zeologist connected
with the mess is the blanket of high grade copper ore which reste upon it.

pirtly
Brief Review of the Geology of the Mine. ( Petrographic 5etailaAfrom Rensome)

The No.!1 and No.} Mines of the Ray Consolifiated Copper Co. have partially
developed éhe Eastern areda of the Ray disseminmted ore body; this Eastern area
(see Fig.1) is about 2000'in a N-S direction and about 3000' in an E-W direction,
and is separated from the Western area (of somewhat smaller dimensione) by a
narrow neck only 300' wide. The types of rock represented are as follows:

1. Pinal Schist. This is the principal formation of the district. It is

of Pre~0ambrian‘age, and consiste essentially of dynemically metsmorphosed ar-
kosic sandstones and shales. Bedding is rarély'visibleé,but,where seen, coin-

cides in a general way with the.planes of schistosity. The rock ie an aggrezat-
ion of quarﬂz and sericite‘i the beds of original shales zive bands of fissile
sericite,while the arkosic beds giveffinfige&gm&nularfnnckecoﬁa&ating ofguartz

grains surrounded by shreds of sericite.
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2. Diabase. Intrusive into the schist is The body of diabase. This rock
is by no means limited to the No.1 and 3 Mines. It is corelated by Ransome with

the dieabasic intrusions in the Globe areaj with diabase near Roosevelt; in the

Sierra Ancha; and in the Santa Catalina Range,ﬂE of Tucson. In the Ray area,beside

the occurrence which is the subject of this paper,it ie extensively exposed on
the surface in the " fault mosaic " area Bast of the Mineral 8reek or Ray Fault,
where it is cut off by some faults and cuts across others.

It is,where fresh,a mediun fine~greined,dark gray holcerystalline
tock made up essentially of basic plagioclase and augite; it conteins as access-
ory mimerals olivine and magnetite. Where exposed in the Ray dietrict,in the vi-
cinity of the No.1 Mine,it is fine-grained to aphanitic;;ggLfew visible pheno-
cryste,approaching the texture of a basalt,and is besides intensely altered to
a mass of secondary biotite,secondary green amphibole and altered plagioclase,
This alteration has been decribed by Ransome to the effect of contact meda-~
morphism produced by the intrusion of the quartz-monzonite porphyrj described
below. The contact metamorphism of the diabese on the Pinal schist which it
intrudes is not readily perceptible, doubtlese.dtiecto theetability oftthetmin-by
bhala(ﬁaartzrnu& ebr&citéﬁdf which the schist is chiefly composed. s

3+ Quartz-Monzonite Zggggx;y. This rock containe phenocrysts of quartz,
pPlagioclase and orthoclase up to 2 cm. in length,in a fine,equi-granular gzround-

mass consisting of quartz and orthoclase, It is intenséely kaolinized where ex-
posed outside of the mineralized area;but in the latter the ‘ a%aa largely
gone over {0 sericite under the imfluence Presamably of hydrothermal alteration,
80 that the rock,like the Pinal schist,is largely made up of quartz and seric-

ite 3 but it can be easily recognized by the general lack of schistoeity,the

rather frequent kaolinized feldspar Phenocryste and the relict téxture of the

rocks



This porphyry occurs in the No.,1 Mine ae a rudely cylindrical stock in-
trusive into the echist and presumably into the diabase as well. This stock

reaches the surface.

Nature of the Ore.

1. Protore. All three of the rock masses described above were subjected

hypoyent 7
to the primarx\mineralization,which is represented by numberlese tiny veinlets <
W

filled with quartz and pyrite,accompanied by a little chalcopyrite; the veinlets
traverse the rock in every comceivable direction and are generally closely spaced,
Pyrite also occure disseminated more or less generally thruout the rockj I no-
ted that tﬁe disseminated pyrite,infdthe true meaning of the word disseninated,

was more charscteristlic of the protore in the poghyry than that in the ebhist,

the small veinlets being more common in the latter. This holds also of course

for the emriched ore. The diabase protore,as noted by Ransome,is somewhat rich-
er in chelcopyrite than the porphyry or schist protores.

2.'9_3. Formed by the partiél to complete replacement of the primary py-
rite and chalcopyrite of the protore by supergene chalcocite; the resiilting rock
is speckled over with the graiﬁs of sooty chalcocite mreins or traversed by in-
nunierable veinlets of bhalh;;iie. As noted above,the speckled type is more typ-
icelly developed in the porphyry,while the veinlet type is dominant in the schist,
There is practically no enriched ore in the diabase itself in the No,! Mine,
for reasons given below.

3. Cepping. This consists,above the orebodies of the No.1 and No.} Mines,
of leached schist or porphyry,having when crushed,as in the stope~chutes,a very
rusty sppearance. Where unéisturbed by mining however,it is apparent that the
limonite is confined to veinlets,which it fills together with wuartz,and to
tiny specke scattered thruout the .rogk,which arecseen to be residual spongy

limonite partéally filling pyrite and chalcopyrite casts.



A point of interest in this connection is the fact that in the schist at
least,mineralization has affected the schiet itself hardly at all,so that pro-
tore,ore and capping look exactly alike except for the presence of primary sul-
fides in the first,enriched sulfides in the second,and limonite residuale in the
last. CGeneralXy Painting or flooding of the capping by limonitic pigment is the
exception in the capping,but a view of the crushed capping coming thru the chutes
in a drawhgection would not suggest thise

Another fact worthy of mention is the remarkable difference in the be-
havior of the capping and the ore in the stopess The ore breaks down into die-
crete blocks,often of considerable size; fines are not a.large percentage of the
broken rock in the chutes; frequently or perhaps generally the shape of the frag-
ments tears no relation to the veinlets of chalcocite,or in other words these vein -
léts are not planes of weakness in the rock. The ore is tough,especially in the
schist,and due to the size of meny of the blocks,drawing thru the chutes is of-
ten troublesome,necessitating frequent bulldozing above the chute gates. This
condition prevails ae long as oré is being drawn thru the chutes,but as soon as
an appreciable admixture of waste (capping) occure,the material flows like water,
and fines are in the majority. This weakening of the rock thru leaching and ox-
idation I hope to touch upon again in more detail at a later date.

The thickness of the capping is very variable,ranging from 50' to 500!,
In some places along Copper Canyon and elsewhere much of the copper waas fixed :
in the capping in the form of carbonates and silicates,and was mined by lea;era, ~
but in the vicinity under discuesion most of the copper was leached out of the
capping,so that its average copper content is around 0,2 to 0,3%.
The upper surface of the enriched ore is éxceedingly irregular in the No,

1 Mine,and is not refereble to any regular surface,but in a very rough wey it



follows the present configuration of the surface. The lower surface likewise

is irregular. - |

Structure of the Diabase Mass. (Nd?- E/G’V‘ﬁ’”-‘ 4.'“_5 above Sea- LPV!/)
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Complete date are lacking regarding this. Fig.3 ie a contour map of the }

surface of the highest portione of this diabase mess,as Par as development up : !

to 1921 has revégled ite ( I am informed by letter from Mr,R.W.Thomes that 1it- f

tle or nothing has been done since). Fig.4 is a generalized cross-section thru
the best known portion of the mass. While the contéyrs show.marked local ir-
regularities,the general structufle is fairly well shown,notably the roughly

Qertical west face of the underground "hill" and the gentle eastward or north-

eastward slopes In the southern portion of the regiion shown in this map (Fig.ﬁ)

the ppsition of the 1985 and 1945 contours shows a very decided overhang to the

"cliff",suzgesting an approach to the thick sill described by Rensome,but from ﬂ
studies conducted in the mine as a whole,the general structure of the mass ap-
pears to be,not tabular but stock-llke,the hody increseing in size with depth.
The greater pari of the eastern section of the 1775 level is in diabase. It

may be a eill,but if so it is several hundred feet in thicknese in at least one
place. Ab:shown 1ha£ighé,Ehpjaﬁrfacecoﬂgthe mape:dipsngehtly domatditheieastitn
the direction of the No.3 Mine,but west of $his mine it is seen dipping westerly
back toward the mine,indicating a syncline if the mase is a sill. There seeme

to be nothing in the way of structure in the eurrounding schiat to suggest a

syncline,so that it appéhrs to me more probeble that this depression is a hol-

low in the top surface of the diabase mass. However,it is not essential to the

theme of this paper whether the mass is &8 stock or a sill,
; 1 or O'iﬁ.-éase

An important feature connected with thia bodgﬂin the area coneidered,is

the "blanket fault"shown in section in Fig.4,and by contours in figure 3, It is,

in fact,a blanket of gouge,in places restiﬁg directly on the diahase mnass,in
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others being 10 or more feet above it in the deached schist. thia fault is 1im-
ited to the gentle north-east slope of the diabase,and dips therecfore gently E

or NE. It was doubtless caused by stressees in the crust selecting the contact

},ard

between the relativelzabf%ttle quartz-ssricite schist and the soft,plastic dia-
base as e surface of least resistance. It is not known wifther the first faul ting
along this surface precedgd the primary mineralization; certainly movement has
oceurred subsequent to the primary mineralization,and probably & certain amount
after the secondary enrichent. The fault is accompanied by as much ae five fest
of gouge,white,where the fault lies wholly in the schist,green to black where

it is on the contact{échistudiabaeé} The great mass of this gouge is believed

%o have been formed after the primagy mineralization and before the secondary —
enrichment., Very possibly the fault itself first occurred after the alteration &

of the ftiabeee to "greenstone",and as this alteration is presumably XXXKENEEX

/ '/_FL Y
AN PN
AV A

referable to the intrusion of the monzonite,which in turn is connected in all ' |
probability with the primary mineralization,it seems quite possible that the
faulting occurred entikely subsequent to the primary mineralization, XX I of-
fer the suggestion that the alteration #f the diabase i%;a :;;9 of hydrotherpal
alteration connected directly with the primary mineralization and not connected
in any way with the intrusion of the monzonitej in part dynamic metamorphism,
Thié alternative woui%:E:ke the alﬁmration-ataofeubaequent1gr accompenying the fruneé)’
mineralization,eo that it is not pertinent to the present subject.

The blanket of gouge accompanying the fault {the latter has no measur-
able displacement) greatly assisted the iééggé?ii arresting the dowmward flow
of the copper bearing solutions. Where the blanket of gouge is hnpervioua,;gaf ‘nq/
persistent,and well above the diaﬁ%e,ln the schist, if secondary chalcocitic ore

is present,it is above the gopge,as a layer from a few inches to 15 feet or more

in thicknese; below the gouge is perhaps as much as 10-@0 feet of unleached sehist —

Y
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containing primary pyri%u while below the scélst is the diabase,also ahowing
primary mineralizetion. Above the layer of ore next the gouge is typical leached,

oxidized capping. The more than usually intense fracturing of the schist just

above the gouge,probably connected with the faulting,seems to have heen exception- 5

ally favorable to the deposition of the chalcocite (in places)

Where the fault zone coincides with the schist-diabase contact {and
this is perhaps the general rule) the slickensidipg,crushing etc. of the diabase
has produced a selvage even more impervious than the gouge formed in the schist.
Where,as locally, zouge is'entirely absent,either in the schist or along the coﬁgct,
the layer of ore ﬁetertheleaa frequently occurs; the undisturbed diabase alone
was sufficiently impervious to halt the downward fhow of the solutions., In this
cese however,the ore penetrates the diabase for a few feet,in veinlets., Where
selvage is present,the diebbe is uniformfly barren of enricljed sulfidee. Where
ore does penetrate the diabase,native coppet is rather common,with less amounts

; € ,(}-‘:-“"
of native silver. Cuprite also occurs. PRI
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The average thickness of the coating of ére resting on the surface of
the higher portions of the diabase mass is perhaps 2 sets (14ft). This thickness
persists down the east slope of the diabese "hill" to about the 1860 level-(the
highest known portion of the diabese is about 2000 ft) Below this contour of the
diabase mase,the ore,while locally concentrated Just above the diahasef contact
or above the gouBe,is no longer limited to the first 10 or 15 ft. above this
surface,but extends on up as normal disseminated ore for varying heights above
the contact,the heights increasing es we go down the diabase slope. XX Abome
thie disseminated ore is ordinary leached capphng .,

This condition is illustrated in the 1890vRay Central Hevel,shown on
the map,which was stdéped under the supervision of the writer. The diabaee con-

tact was exposed in the drifts on this level ,below the stopee,but about 50 ft.

7




of ore averaging 2% in copper was stoped above this contact., Likewise down the

dip of the contact,on the 1850 Ray Central,the diabese is found in the drifts;

the stoping Reight was greater than 50 ftf; exact heaiﬁr unkg?wq. /ﬂu Aiahht wéhuj%
The explanation offered for this transitionﬂfrom a concentrated,thim
blanket of high grade ore to disseminated ore of normel character is as follows:
The upper portions of the diabase mass lay aﬁove the general level of
the ground water while the present enrichad orebody was being formed; the pre-
cipitation of supergene chalcocite uponcthe surface of the diabase mass and a-
bove the general level of the groundwater wae caused by the stopping orddbgw:
flection and elowing down of the solutione by the diabase,wnich was protected
from oxidation,aitho above the general level of the groundwater,by ite imper-

vious character,and also possibly by the blanket of gouge which covered it

a
in may places. The dishase containe numerous precipitating agente besidea its

minerals. The local trepping of stagnant groundwater in numerous basins én the Qmaéb;?ﬁkf
surface of the diabase mass,several of which basins are sugzested on the contowr
wap (Fig.3) doubtless also assisted precipitation, but the main mode of pre-
cipitgéon is belééved to have been as follows: The descendiﬁg weters,travelling
sluggishly thru the shatiterd schist Just above the diabase contact,probably formed
a largs,continuous sheet of water flowing down the east slope of the diabase
mass,and thus had every opportunity to come in contact with the re&ucing agents
contained in the diabape. It is worthy of note that in sevefl places where the
gouge of the blanket faul§ is separated from the diabaee by schisi,none or very
little ore is found-&iﬁgg'the gouge,but that practically in every locality where

the fault coincides with the diabase surface,or where no faulting is visible,

ore is found as a layer resting on the diabase. The most extraordinary exanmple®of 1
x 3 { ' g
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this occurs on.the vertical western side of the diabase "hill" where a layer of
is plasfered ayams
ore sevez"\l gets thick rests—en , the diabaee contact from the top of the dia-

A
base mase to about the 1945 lebel or slightly below.(See Fig.4) No faulting at
ell is visible here,and the vertical side of the diabase offered no obsiructlion
: to the descant of the solutionse. This is almost positive proof that the princip-
al cause for ore deposition lay in the reducing power of the unoxidized diabase,
The groundwater apparently surrounded the diabase "hill" much as an ocem
surrounds en island of ahrupt relief,and it is below this "shoreiline" that the

ore is found to ghange by degrees to the normal disseminated type,increasing in

vertical extent as the diabaee contact,which delimited the lower surface of the

_—

orebody, zot further end further below the water table.
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