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Southwes.ixploration Division

December 12, 1984

R. L. Brown
New York Office

Christmas Mine
Gila County, AZ

At the bottom of my in-basket I have unearthed your letter of February l4,
1983 concerning the question as to whether there are any outstanding and
untested exploration possibilities still available at Christmas.

From the review, H. G. Kreis and I cannot see any smaller high-grade
reserve being available at Christmas.
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GEOLOGY AND PORPHYRY COPPER-TYPE ALTERATION-
MINERALIZATION OF IGNEQUS ROCKS AT THE
CHRISTMAS MINE, GILA COUNTY, ARIZONA

A DISSERTATION
SUBMITTED TO THE DEPARTMENT OF GEOLOGY
AND THE COMMITTEE ON GRADUATE STUDIES
OF ‘STANFORD UNIVERSITY
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE QF
DOCTOR OF PHILOSOPHY
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ABSTRACT

The Christmas copper deposit, located in southern Gila County,
Arizona, is part of the major porphyry copper province of southwestern
North America. Although Christmas is known for skarn deposits in
Paleozoic carbonate rocks, ore-grade porphyry-type copper minerali-
zation also occurs in a composite granodioritic intrusive complex and
adjacent mafic volcanic country rocks. This study considers the
nature, distribution, and genesis of alteration-mineralization in the
igneous rock environment at Christmas.

At the southeast end of the Dripping Spring Mountains, the
Pennsylvanian Naco Limestone is unconformably overlain by the Creta-
ceous Williamson Canyon Volcanics, a westward-thinning sequence of
basaltic volcanic breccia and lava flows, and subordinate clastic
sedimentary rocks. Paleozoic and Mesozoic strata are intruded by
Laramide~age dikes; sills, and small stocks of hornblende andesité
porphyry and hornblende rhyodacite porphyry, and the mineralized
Christmas intrusive complex.

Rocks of the elongate Christmas stock, intruded along an east-
northeast-trending fracture zone, are grouped into early, veined
quartz diorite (Dark Phase), biotite granodiorite porphyry (Light
Phase), and granodiorite; and late, unveined dacite porphyry.and
granodiorite porphyry. Biotite rhyodacite porphyry dikes extending
east and west from the vicinity of the stock are probably coeval with
biotite granodiorite porphyry. Accumulated normal displacement of

approximately 1 km along the northwest-trending Christmas-Joker fault
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system has juxtaposed contrasting levels {lower, intrusive-carbonate
rock environment and upper, intrusive-volcanic rock environment) within
the porphyry copper system.
K-Ar age determinations and whole-rock chemica]aana1yses of

the major intrusive rock types indicate that Laramide calc-alkaline

magmatism and ore deposition at Christmas evolved over an extended

period from within the Late Cretaceous (~75-80 m.y. ago) to early
Paleocene (63-61 m.y. ago). The sequence of ignegus rocks is pro-
gressively more alkaline and silicic from basalt to granodiorite.
Early (Stage I) chalcopyrite-bornite (-molybdenite) minerali-
zation and genefica]]y related K-silicate alteration are centered on
the Christmas stock. K-silicate alteration is manifested by pervasive
hornblende-destructive biotitization in the stock, biotitization of
basaltic volcanic wall rocks, and a continuous stockwork of K-feldspar
veinlets and quartz-K-feldspar veins in the stock and quartz-sulfide
veins in volcanic rocks. Younger (Stage II) pyrite-chalcopyrite
mineralization and'quartz-sericite-chlorite alteration occur in a zone
overlapping with but largely peripheral to the zone of Stage I stock-
work veins. Within the Christmas intrusive complex, K-silicate-
altered rocks in the central stock are flanked east and west by zones
of fracture-controlled quartz-sericite alteration and strong pyriti-
zation. In volcanic rocks quartz-chlorite-pyrite-chalcopyrite veins
are superimposed on earlier biotitization and crosscut Stage I quartz-
sulfide veins. Beyond the zones of quartz-sericite alteration, biotite
rhyodacite porphyry dikes contain the propylitic alteration assemblage

epidote-chlorite-albite-sphene.

iv



ey
eV

Gastore e

Chemical analyses indicate the following changes during

pervasive alteration of igneous rocks: (1) addition of Si, K, H, S,

and Cu, and loss of Fe3+ and Ca during intense biotitization of basalt;

(2) Toss of Na and Ca, increase of Fe3+/Fe2+, and strong H-metasomatism

during sericitization of quartz diorite; and (3) increase in Ca, Na,
and Fe3+/Fe2+, and loss of K during intense propylitization of biotite
rhyodacite porphyry dikes. Thorough biotitization of biotite grano-
diorite porphyry in the Christmas stock was largely an isochemical
process.

Fluid-inclusion petrography reveals that Stage I veins are
characterized by low to moderate populations of moderate-salinity and
gas-rich inclusions, and sparse but ubiquitous halite-bearing inclu-
sions. Moderate-salinity and gas-rich inclusions become less abundant,
and halite-bearing inclusions are absent in Stage II veins. The |
distribution of gas-rich inclusions suggests that fluids were boiling
during Stage I mineralization, particularly at higher levels in the
porphyry copper system.

A sequential two-stage model for intrusion, alteration, and
mineralization at Christmas is proposed. During Stage I, K-silicate
alteration, stockwork veining, and chalcopyrite-bornite mineralization
were broadly contemporaneous with emplacement of quartz diorite and
repeated surges of biotite granodiorite porphyry. The fracture-
controlled, predominantly hydrolitic alteration and high total sulfide,
pyrite-chalcopyrite mineralization qf Stage II probably commenced with
the first significant incursion of ground water into the porphyry copper

system. A convection cell model may reasonably account for the distri-
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bution of Stage II alteration and mineralization,.
At Christmas the tendency to form biotite during K-metasomatism
of basalt has greatly expanded the dimensions of the K-silicate
alteration zone. The recognition and interpretation of secondary

biotite in mafic volcanic terranes should be an important contribution

to future exploration for porphyry copper deposits in the region.
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NEW DEVELOPMENTS AT THE CHRISTMAS MINE, ARIZONA

By

JOHN T. EASTLICK

INTRODUCTION:

The Christmas Mine, located in the Banner Mining District, is in the southwestern

corner of Gilae County, Arigzona, approximately 10 miles to the north of Winkelman along
State Highway 77. The mine is situated on the eastern slope of the Dripping Springs
Range about one mile to the west and 900 feet above the Gila River. Elevations range
from 2100 feet at the Gila River to 4250 feet at the crest of the prominent ridges
above the mine.

Discovered in the 1880's the mine has passed through the control and ownership of
various mining compsnies. The isolated location of the property, and the fluctuation

of metal prices caused intermittent operations until World War II. According to mine

records, production through 1954 was l;SSH,SOO tons for a total of 54,969,573 pounds of
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The ore bodies at Christmas have drawn the interest of many mining compenies and

several exploration progfams were initiated. Of these earlier programs, the explora-
tory work in the deeper.horizons below the 800 level by the United States Bureau of
Mines is most significant.

During the present three and one-half year program of development, preparation for
a new shaft has been started; the No. 3 shaft has been deepened 534 feet with stations
cut at the 1100, 1300, and 1400 levels; 16,800 feet of drifts and raises have been

driven; and 73,060 feet of diamond drill holes have been completed.

GEOLOGIC SETTING:

Rocks in the Dripping Springs Range are represented by pre-Cambrian and Paleozoic
sediments, intrusive diabase of Cambrian (?) age, extrusive andesite of Cretaceous age,

intrusive quartz mica diorite of early Tertiary age, and intrusive basaltic and ande-



sitic dikes of late Tertiary age.

Sediments of the Pre-Cambrian Apache Series outcrop to the northwest of Christmas
and are the oldest rocks exposed in the area. Above the Mescal formation of the Apache
group are Cambrian sediments composed of the coarse pebbly Troy gquartzite with a thick-
ness of approximately 400 feet, succéeded by about 175 feet of'fine-grained, argil-
laceous, and limy quartzites. Uncomformably overlying the Cawbrian quartzites are
approximately 265 feet of Devonian Martin limestone comprised of shaly and dolomitic.
limestones in the basgl member, massive limestone in the middle horizon, and shales and
shaly limestone in the upper member. Above the Devonian Strata are 550 feet of massive
Mississippian Escabrosa limestone, followed by approximately 1,000 feet of Naco lime-
stone of Pennsylvanian and Permian (?) age consisting of interbedded shaly limestones,
shales, and limestones with local cherty and quartzitic layers.

Intruded into the Mescal limestone and the Troy quartzite are irregular masses
and sills of disgbase. No exposures of diabase cutting rocks above the Troy have heen
noted in the srea.

Resting on the Paleozoic sediments are a thick series of undifferentiated volcanics
consisting of andesitic flows, tuffs, flow breccias, and conglomerates. In the vicinity
of Christmas, the volcanics are fine to medium grained andesites consisting essentially
of feldspar phénocrysts set in a matrix of fine, dark ferromsgnesian minerals.

All the earlier rocks are cut by a generally east-west series of quartz mica
diorite dikes. Numerous sills and irregular apophyses extend out into the surrounding;
rocks. These intrusives occur with several textural variations and are composed pri-
marily of quartz, feldspar, and biotite. Generally, the smaller bodies contain vary-
ing amounts of hornblende and biotite. In the Christmas area, the most common quartz
mica diorite occurs as a light gray, coarse-grained, even-textured rock becoming
porphyritic near the outer margins with large phenocrysts of quartz and feldspar in a

fine-grained, dark ground mass. Some narrow quariz mica diorite porphyry dikes cut
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irregularly through the main intrusive masses, probably representing a late phase of
the same magma.

In fhe Christmas mine, narrow post-mineral dikes of basalt and andesite cut through
the Paleczoic sediments and the diorite intrusives. They commonly trend from slighily
west to east of north with steep irregular dips. Two dikes along the north contact,
varying from the general trend, strike approximately N60CE and dip steeply northwest.
STRUCTURE ;

The Dripping Springs Range is indicated by Ransome {2) to be a complexly faulted,
anticlinal structure. The dominént structural features of the region are the generally
east-west trending quaftz mica diorite dikes, and the series of major northwest-trend-
ing faults. The orientation and distribution of the diorite dikes suggest thatithey
were intruded aslong a system of steep, N70°W - NT0°E trending fissures approximately
parallel to the axis of the regional deformation. The major faults are normal faults
of the Basin and Range type with their hanging wall or down-thrown sides towards the
valleys.

At_Christmas one of these ma jor structures, the Christmas fault, separates the
area into two geologic settings. To the west, Naco limestone, capped by andesite, forms
the prominent outcrops along the steep ridges above the mine, and on the east side
éndesite comprises the predominent rock eastward to and across the Gila River. The
surface outcrops of the gquartz mica diorite, intruding the limestones to thé west and
the volcanics to the east, form an irregular elliptical outline with the long axis
trending about N7OCE across the Christmas fault zone. Development work underground
indicates the intrusive to consist essentially of two thick dikes, converging to the
west towards No. 3 Shaft and to the east towards No. 4 Shaft, with numerous branching
sills and interfingering smaller dikes. In the footwall of the Christmas fault,'the
greatest mass of quartz mica diorite is centered to the east of No. 3 Shaft between

the 500 and 1100 levels where several thick sills and numerous irregular apophyses
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extend into the adjoining limestones.

The sediments surrounding the intrusive contacts have generally south to south-
easterly dips of 10° - 20°, Much of the original structure is obscured by later post-
mineral faulting and by the intrusion of the quartz mica diorite, but it is apparent

that some deformation preceded the intrusives. Along the south contact zone, the

diorite cute across the north limb of a small anticlinal fold, and the downward
steepening of the sedimentary beds near the north contact suggests that the North
dike intruded along the flank of & small flexure. Compressional stresses are also
indicated by minor bedding-plane slips, small thrust faults, and local rolls along the
bedding.

Pre-mineral fractures are evidenced by the numerous steep-dipping sulphide and
quartz stringers in the diorite and in the surrounding rocks. These occur along
definite conjugate pre-mineral fracture systems, one set consisting of essentially
parallel fractures along the intrusive contacts, and the other set comprising of
fractures approximately at right angles to the contacts.

Underground the Christmas fault is exposed on the 300, 400, and 800 levels on
the north contact, and at the portal of the 400 level on the south contact. This féult,
with a normal displacement of approximately 1200 feet down to the east, strikes gen-
erally N20° - 259 and dips 650-750 northeast. Movement occurs along a 10 to 20 foot
crushed zone with brecciated blocks and fragments of diorite, andesite, and limestone
between several fault strands. Another paralleling structure, the Joker fault, has
been discovered on the 800 level, 900 feet to the east of the Christmas fault. It
strikes N10° - 25%0 and dips 750 northeast with a normal displacement down to the east
of an unknown distance. Numerous smeller faults occur throughout the three major fault
blocks. The majority, with normal movements -of a few inches to 40 feet, have north to
northwesterly strikes, trending obligquely to or parallel to the major structures. In

the footwall area of the Christmas fault, two prominent east-west structures form the
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borders of a characteristic graben. On the north side, the 1301 fault strikesAgen—
erally NTOO - 750W and dips 55° - 60° southwest with movement down 60 feet to the
south. The No; 3 Shaft fault aléng the south border strikes approximately N85°W and
dips 60° - 70° northeast with a displécement of about 150 feet down to the north.

The age of faulting, particularly that of the major structures, has’been the sub-
Jject of much discussion. There can be no argument that at least part of the dis-
placements along the Cﬁristmas and Joker faults are post-minersl, and evidence points
strongly, both on & regional and a local scale, to the fact that probsbly the major
part, if not all, the movement was lster. Displacements along the 1301 and the No. 3
Shaft faults appear to be post-ore, but may reflect later post-mineral movement along
pre-mineral fault or shear zones. The smaller northeasterly to northwesterly striking
faults are definitely post-ore in age, cutting and displacing the sedimentary strata,
the mineralized beds and stringers, the post-mineral basic dikes, and the diorite
intrusive dikes and sills.

ORE DEPOSITS:

The known ore bodies of the Christmas mine sre classified as pyro-metasomatic in
type, occurring as replacements in metamorphosed limestones of the Naco, Escabrosa,
and Martin formations. The relationship of the ore deposits to the intrusive is al-
most diagrammatic. The type and intensity of mineralization varieé with distance from
the intrusive contacts, with the degree of metamorphism,with the physical and chemical
properties of the Sedimentary rocks, and with the intensity of pre-mineral fracturing
and shesring.

The sedimentary rocks near the intrusive contacts are highly altered and meta-
morphosed. In the Naco and Escabrosa limestones, garnet and marble are the principal
contact-metamorphic products along with lesser amounts of epidote, wollastonite,
idocrase; chlorite, and serpenﬁine. In the Martin limestone, the lower beds are

highly altered to serpentine, dippside, tremolite, and chlorite with garnet sparingly
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present. Shale beds like the upper member of the Devonian are altered to fine-grained,
banded hornfels and, in some of the thin-bedded limestones, silicification is almpst
complete., The numerous steep stringers and>seams of sulphides which cut the ore de-
posits attest the fact that much of the metallization took place after devglopment of
the lime silicate minerals. Mineralizing solﬁtions, undoubtedly traveling along the
pre-mineral fracture zones near the limestone-diorite contacts, formed the extensive
replacement ore bodies at intersections with favorable horizons in the metamorphosed
limestones.

The principal metallic minerals are chalcopyrite, bornite, magnetite, pyrite,
sphalerite, and pyrrhotite. Small amounts of galena and specular hematite are commonly
present near the outer margins of the mineralized zones. Some minor molybdenite occurs
sparsely in the mineralized beds, generally localized in the siliceous and silicified
zones. Magnetite increases with depth, becoming a predominant constituent in ores in
the Escabrosa and Martin limestones. Oxidation was almost complete above the 300
level, and extends locally to below the 800 1level., Supergene ore minerals include
chelcocite, native copper, copper oxides, and copper carbonates.

Naco Limestone;

Production up to 1953 was principally from the middle member of the Naco lime-
stone. The deposits occur as gently dipping, tabular replacements in garnetized zones
between thin shale and shaly limestone beds. Peterson and Swanson (1) identify nine
distinct ore-bearing horizons along the north contact, and eleven beds on the south
glde. Viewed on a horizontal projection (Plate I), mineralized bodies in these favor-
able horizons, yielded ore along the entire lengths of the main intrusive contacts.
The individual ore-bearing beds range from 5 to 12 feet in thickness and extend
laterally 150 to 200 feet away from the contacts. Oxidation masks much of the
character 6f the primery mineralization, but it is apparent that magnetite and pyrite

were predominant against the intrusive contacts, yielding to chalcopyrite and bornite
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in the intermediate zone, and grading to chalcopyrite, pyrite, and sphalerite with
minor galena along the outer margins.

Ore bodies in the Naco limestones to the east of the Christmas fault are known
only from diesmond drill hole intersections and from a few exposures on the 800 level,
but they show the same characteristics of the deposits to the west. 4 1290 foot
diamond drill hole, drilled from the 800 level near the center of the block between
the Christmas and Joker faults, cut 955 feet of sediments which definitely can be
identified as typical Naco beds.

Escabrosa Limestone:

Ore bodies in the Escabrosa limestone, in contrast to the tabular flat-lying de-
posits in the Naco limestone, occur as irregular, wmassive replacements near the gquurtz
mica diorite cpntacts. Genersally, the vertical dimensions are greater than the héri-
zontal thickngsses, the ore bodies terminating abruptly into marbleized limestone awsy

from the contacts. The known ore deposits, separated by a thick diorite sill, are in
the upper and;lower part of the formation.

Ore bolies developed in the Escabrosa upper horizon on and below the 800 level show
the common characteristics of these deposits. Intrusive relationships are generally
complex with ore deposition occurring in blocks of limeétone completely or a;most sur-
rounded by diorite. Other deposits occur as replacements of limestones in embayments
between diorite dikes projecting westward from the mein intrusives, and as thick, shell-
like masses against the outer intrusive borders. The ores are usuelly higher in grade
than those of the Naco with chalcopyrite, bornite, pyrite, ﬁagnetite, and sphalerite
occurring in a garnet gangue. Magnetite and pyrite commonly predominate near the in-
trusive contacts with sphalerite localized in the outer mérgins.

In the lower part of the Escabrosa, ore bodies are known only from diamond drill
hole intersections, but they show the same characteristics of deposition peripheral to

the intrusive contacts. Other important deposits occur between the main intrusive
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masses.
Experience indicates that wherever the Escabrosa limestones are in contact with
the main intrusives, sizeable ore bodies can be anticipated.

Martin Limestone:

The most extensive of the replacement ore bodies is found in the lower part of the
Devonian limestones. Mineralization in this horizon, extendihg north and south from the
main intrusive dikes, occurs as a flatly-dipping, massive tabular deposit. These lower
liméstones, developed to the north on the 1300 level (Plate 3) and to the south on the
1400 level (Plate h) héve proved to be consistently mineralized over an area 2700 feet
in width across the intrusives, and 1400 feet in length along the intrusive contacts.
Diamond drilling to the east and west of the developed area indicate extemsions to 3000
feet along the south contact and to 2000 feet along the north contact. The lower 30
feet of the Martin limestone, consisting of thin-bedded dolomitic and shaly limestones,
is the most favorable zone for replacement. However, adjacent to the intrusives, where
the intensity of metamorphism and mineralization was greatest, the ore replaces up in-
to the lower part of the massive limestones of the middle member.

Along the south contact, the deposit lies along the south limb of a small anti-
clinal fold which plunges gently to the west. Mineralization extends throughout a
thickness of 65-80 feet for at least 1300 feet along the strike and for 600 to 850 feet
down-dip, thinning sbruptly to the south and to the west. Adjacent to the north dike,
the thicker mineralization extends with a thickness of 55-T75 feet for l6OOAfeet parallel
to the intrusive contact, qnd for 200-400 feet up-dip along the bedding, becoming thinner
to the northwest. Between the dikes the more favorable, thin-bedded, impure limestones
are replaced, but mineralization above is spotty.

| Magnetite forms the predominant metallic mineral throughout the deposit, comprising
from 15 to 25 per cent of the total content. Steep-dipping seams of anhydrite and

gypsum are common, and local occurrences of fluorite are noted. The sulphide minerals
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commonly show both a vertical and lateral zonal arrangement. Laterally the mineral->
ization grades from a pyrite -~ chalcopyrite zone near the intrusive borders, to a
chalcopyrite-bornite intermediate zone, and to a pyrrhotite-pyrite-sphalerite-chalco-
pyrite outer zone. Vertically in the thicker sections, pyrite, chalcopyrite, sphalerite,
and sometimes galena generally border a.chalcopyrite—bornite central zone.
CONCLUSION:

Inspiration Consolidated Copper Company has developed sufficient tonnage of ore to
warrant a mine operation. Plans and preparations have been made for a new shaft in con-
Junction with a 2500 ton-per-day mill. Culmination of these plans is expected if and

when the present copper situation improves.
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New York, October 29, 1956

Mre W, G, Rouillard
8al% Iake City

m&mﬁmmx Congolidnbed Copper Coupany
Chrelgbmas Mine

You and those receiving copy of this lebter will be intevested in the
following extract from the Inspivation Consolidebed Gapper Compeny's interin
report 4o stockholders dated Ockober 29, 1956:

“MSW Mine Aies

Bmlaymem work sc fayr compieted indicsbes an ore resewve
off 10,000,000 dons of 2% grade copper ore in the 0%Carroll Bed,
with 'ishe pussi’biliﬁy of additional tomage of lower grade ove. In
the course of drilling to the 0'Carroll Bed, ore of lower gvsde
bas beoen epcownbered in inbermediate leveld. Progsence of high grade
privary winevalizetion in snother ares wos also disclosed. These
other ore ocourrences have nobd been sufficiently well svaluvated to
permit sn secudete estimate of tonnoge and grade, bub the aggregete
addition %o ore yeserves will '% substantial.

Present plenning envisicns a concenbrator of 3500 tong
daily capacity, designed eo thabt it nmey be reasdily expanded ss
neefied. The new Mclondlid production shefh and hoisting equipment
will have a copacity of more than twice the expected initial
will tomnage. Ingineering end desige work is progressing, and

physieal construction on pumercus pheses of the @m&emﬁ will be
well started by eavly 1997, On the basis of a ) uingry
constyuetion schedule, the Christmas Mine should starh yroducing

in the second half of 1959.

Drilling canbinues on other properties adjacent do the
Christmas Mine without significant repult to date.

Total ﬁevel&zmem cogte in the Chyistmes arves ammting to
ﬁsh,mg for the first nine months of 1956 have been charged ageinst
nm

Js De MacRenzie
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FON e J. 13. MacKe: mie, ?ir:e mié.am
J Americen 5113.91‘%3&'1@ snd gem% Comnng Ry
Hew York 5; New York.

nem— Sixa

mmm you for capy of m m‘he of Getober 29 4o
Mr. Bouillerd concerding developnents at the Christmas
Mine as weported in the interinm rapory af the same date
of Taspivebion Consolidated Copper Uoupeny

interenting to vbserve that the Companyis not m ready
o report on The posaibilitice of the primary ore body,
although T imagine they have developed o great deal of
kamﬁ_eage gbout the mﬁﬁiﬁl&ﬁiﬁaa

I *&hixzh Vs Honsywan will enterfadn a bid from
Ae 8, and R on the contemplsted concenmbvate production,
and Mre Welch will yuz*sue this in dus course,

¥r. Dowmey t0l1d4 me the other é&y tlat one drill
hole ab about 1,700 feet on the old T Mine, now under
option %o mﬁmﬁ, amé. o bed of good grade copper
ore sinilar Yo the Chrisdmas. Since the T2 Mine is
probably only thres or :E‘emr rﬁle& aiyline from Chrishuas
this discovery may be & continuation, slthough, as you kno s
one dyill hole does not wmeke o mine.

Yours truly,

e WG
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R H%@‘f% AND REFTNING OGMPANY
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. in e yotlony of your Hemorandun dated July
8th, 1950, I have cerried out & prelininevy reconuaissance of the subjech
prea, spending five daye in the 7ield Guring the period July 18%h o Augusb
12th, The sbjective of this stuly was %o appraise the chances of finding
ore in the limestonss aroupd the dierite imtrusive bodies some tuo miles
novthvest of the Chvistumas Mine. R o = L

| :mw@mmmm mﬁm

. 4s pointed cul ty Mz, Pollock in his Memo of June 20, 1949, the copper - '
ores of the Christmss, the lead-minc-cfpper ores of the Londonwirizons and the
Seventy~Hine Wines occur as replacaments of limesbome adjacent to small plugs
of quartz~nice dioritej gongeguently, avound other pluge, such a8 in the erea
. northvest of Christmas, explération eppertunities could exist in limestones
coneseled by Cretacevus lavasy or, an ‘exgeptionally favovable bed, such a8 the

e i&fﬂ&z*wl,migm eontain ore mmmmmmaé@ by comparatively barren over-

ng Lvestore bedss s
5 wap (Abtachuent B) saam&iallym some as that acecmpsnying Mre Pollock's

,  ﬁm,ia atiached hereto for reference, "gince the geology of the ares af interest
" (marked by a half-cirele) as mapped by Ransoze, cheoked fairly well with ay

ebgervations in the field, I did not undertake the preparation of an original
maps. The vontach prints from your file of serial photographs were guite suitable

.  A.wap (Atbachment ¢} was prepared to deplet the trenfs of ehsaring and -
sinerslization in the dlorite and voloanies in snd around the Christsas deposits

Surface geology wesh of the No. 4 ghaft was reduced from o map by H. P, Petersong

 the shearing which ig ghown sast of this shalt was skobohed on an eserial phobtograph.

Extensive gonse of shearing and fracturing ave consldersd indispsneable
%o the fermation of ore deposits suck es that ab Ohristuas, The disseminebed
sulphide mineralization vhichk characberistically oceupies theee mones is manifest
on the surface at Christmas es lenched snd altered oulcrops of dierite and vole-
canic rosk. The ares uf dlorite stecks northyest of the Chrisimas Hine was
found o be devold of this essentisl femturey further, a puxber of limesbone
howrizons ave esxpesed on the surface, including the 0'Carrol bed, and signifi-
cant mineralisation is absent, For these reapons principelly, the area is cone
. pideved to hold ne exploration possibilities worthy of further investigation,
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T For referende, the geologic columm of the Christmas avea (after unpublished
work by . v, Febérson as disetssed by Entwistle in his report of February 24, 1945)

~de listed below 1n sequence,

(Baxly ?mma (?)

{Intrusives

‘ ‘emﬁaaem“ ’
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550

Devenian

| 3&&%& ﬂatali:ga shale

S Tuo miles nerthwest 6f the Chrisimas Mine the diorite porphyry decurs as
stogks, dikes and eills on sither side of the fault which has “een mapped by Rensome
88 the gorthwesterly contimmation of the Chrisimes fault, Some varlation was nobed
in the sppesrance of the diorite; there may be two separate intrusives, ax Entwistle
has observed in the Christmas Mine, but at any rate the diorite is for the most part
gimilar to that of the Christhus stock and thus is considered a like cccurrence.
The dlorite cuts the Carboniferous limestonss snd the Cretaceous voleanies, and all
three sre overlain in pert by the posteminersl Gila conglomsrate, 4 slender rhyolite
dike, less than twenty feet im width, cube the diorite in an esst-west direction and

s, apparently, the latest intrusive voek of the aves. _

Acecording to Ransome, (see Attachment B} the Martin limestone, with the favorsble
O'Carrol bed at 1ts base, reaches the surfuce about one mile weet of the larger diorite
mass) hewever, just south of ‘the Christmas fault near the bobtem of a gully the writer
observed some 25 fect of gray-green sofi shals which closely resembles the Santa
Cataling shale wnderiying the Martin limestone at the London-irizona Mine, It is

. belleved that the limestone immediately overlying this smell exposure of shale répre-
gents the 0'Carrol bed at the base of the Mertin formatien. These flat-lying ghale
and limestone beds terminate pbruptly ageinst the Christuas fault on the north, limiting
S _ the outercp (of the 0'Carrol bed) to an area dome 300 fooh sguare in the botiom of
‘ Cenl %hﬁ o o : : A e . T ) »

R vax-;r‘iﬁ:;mr &:ﬁfsﬁm‘a of mineralization was noted in ﬁ&euz&:z'eg. This oeeurs
'. slmost exelugively in the limestone just south of the Christmas faull, as narvow

Pre Conbrian

 (lese than tuo feet in width) discontimusus veins containing rusty iron gossen
_material with black mangenese oxides and #mall emounte of blus copper carbonatese
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"' Bevelopuent consists of a fey shailow pite and short driffis, Minerallsatlon appesred

to have had 1itils or no inclination to follow the bedding; u marrow but well

. wineralized vein oube $hrough the O'Carrol bed snd underlying shile in the out-
erop mentioned in the forsgoing without ghowing any migrabion of minerallzation

_-slong the bedding planess

In Bulietin 77L the Premier Gyoup of ton unpstented clains 1s listed as

_being located two miles northwest of the Christwas Mine. The deposit is described
as an east-wost veln in limestons up o three feel in width, thet could be traced

_ for half & mile, This wndoubledly is the vein observed by the writer.

. The. ﬁiﬁ?z‘i‘&a, and the mlmmﬁes of the avea exhibit 11ttie move than traces

' of mineralization and alteration, & few #pecks of limonite after pyrite were

‘noted, algo a nurrow pone of wesk shesvring conteining thin seams of limonile.

The labter _uaa”‘ shout fen feet in width., HMinor amounts of epidote cccur in thb vole

gome of thip ny hevé been derdved frem the limestone, although nons

ccaple tajusy B : 540 ,
uBS Q@ﬁﬂweé in place. Ho evidence of geynet or other so-ealled silicabes, was
§ f@mgﬁin the liwestones at the dﬁ.@i‘iﬁa contact ~~or olsovhere,

The surface featuves of thods two deposite were briefly sorutiniwed for -

| Wx@@ﬁ% of coparison to the area northwest of the Christmas Wime. Both of these

. are characterized by extongive disseminated sulphide minevalisgetion in the susll

 dlorite glocks partly surrounded by limestone replacement oves.

e

, A% the Christmas Mine come of the diorite ouberops ave eimilor ih appearance
%o those found on the Cringes of porphyry ¢opper deposits - showing wesk %o
moderate hydrothermal alteration ascompanied by pale broun limenite in veinlets

snd grains, Only smell amounts of Limonite afier chaleocite were noted, This
dispeninated mineralization ocours for the most part in mones of eagt.udst, mearly
vertieal eheering (Attachment G). Une axception was noted souilwest of the Fo. 3

| ghafty heve the shooting trends northessterly, snd is probably the surface exe

e L

pression of the horthesst sheeting deseribed by Entuistle (Report Februaxy 24,

(1943) ap ocewrring frequontly nlong the south contsct, A4lso, he neted het (1)

the shears webe often Filled with pyrite and copper ainerals, (2) were prodomi-

~ nantly east-west and {2} were in part responeible for the localisation of lbe ore.

" Guly @éﬁiéﬁéhafl the diorite are miaemliﬁ&da On the surface and under~

ground mach of the dlorits is quite fresh éppearing and conbains no velning or

other evidence of mineralisaticon. The shoeted and minerslized mones show assays

~ ranging from 2% to 1.0 eopper, averaging perhaps about D.4% according to Batwistle,

0n the srface the mineralized shear mones sre aligned roughly in an

. anstovest diregtion, eonforming $6 the tremd of the dfke patern in the vielnity,

They extend from he westorn edge of the Christmss deposit to the Gila River on

~ the eash, u dlshgnoe of 1 miles. | -

The shearing and minerelization 18 confined largely to the diorite, exe

 tending but & few tens of feet into the volcanics and appesring te lterminate

¥ather abruptly ip the Iimestone. However, ss I cbserved on & brief visit to
the 200 level northwest of the He. 3 shaft, the ore in garnetized limestone conw
teins numercus parsllel velnlets of pyrite~chaleopyrits persistently trending
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| The poseibility of finding ore in ‘the downmdiopped {inegtons Blosk wagt
of the Christmae fault has been Pecogniszed by several “investigators, Of course,

the near-marginal itenor of the Christmis deposit as so Tar developed, cortainly

offers no encouragement to search for more of sich material, especially at depthe
greater then 1500 faet, the approximate depth (measured from the ‘gurface) of the
drill hole on the bottom level of No. 4 shalt, This hole did not rench the line-
gtones bub did cut minevalised dioriie and woleanies running from 018 to 0.9%
copper, averaging abeut 0,4% copper. This fach, coupled with the evidence of
minerslization in the dlorite snd voleanles on the surfece, mesng T believs, that
the limestone bemeath the volesnics guite likely contains eopper mineralization,
HowevVer, the strongest disseminated minerglization and alberation obgerved in the
diorite cutorops eccurred in the some west of thé No. 3 shaft, near the apparent
juneture of the nerth and south contact ore zonesy cast of the Christmee fault

-

\ Aminemzis‘awen appears comparatively weak and alteration is defindtely quite fesble

to the dissenineted copper songs

4% the Londou~ivizona, extensive ropigosment of the BiCarrol limsstone bed |

by lesd, zine and copper sulghides, seeurs s few hundred feet south of a asmall

dlorite stock surrounded by didbass and Troy gquartzite, A4ll three formations, the
diorite, dimbase and quertziltd, conteln disgeninated copper mineralisation in zones
of shaibtering and shearing, Judging by the outorops the strongest of thie mineralis
sation hag been adequstely probed by exploration drifts on the Chilito property. '
& small body of disseminated copper minevalisaticn was found here in the diabagej

J. Pollock estimated a possible two to three milllon tems of 8% copper ore in his
Chilite report of Pepbember 18, 1947. Incidentally, evosion has stripped off the
Paleosoic limestons in the Cpilito avem aud in the prosess has perheps vemoved
inportsnt replacement orebodies that quite likely existed in the limestone adjacent

 Evosion has nd.resched the pre~Cambrisn Mescal yimestone which underliss the
Troy Quarteite, bub the diabase in the tpilite Mine #ppears to have stoped oub - ‘
mach of this bed. Smail rephants of limestone are vepresented es inclusions of the
Mescal formation in the dinbase on maps acoompenying Jemes Pollockts vepert of
Bephenber 8 W o o : .

. The exceptional Pavershility ¢f the 0'Carrcl bed heve {vw olsewhers) for
ore may be due, I belieye, to the physical enviremment of the bed vather than any
special receptivity for chemical reasons, The bed immedistely overlies a thin shale
horison, the Santa Cetaling, which dlvides two thick and relatively incoumpetent rock
wniks -~ limestone sud guartzite, This ghale is the logical layer to relieve
strespes and thus become & bedding faulb zore, producing in the wall rocks fracturecs
which allow the migretion of gasses or liguids laterally along the bedding, resulting

in replacement of the limsstome — In $his case the 0'Carrel bed, in the hanging well.

B e BEE ETe & @ 8 w4 B

Deposits such as the Chrietmes way be regarded as minvative "porphyry

; aépgws*’, sepecially from the standpoint of origin, The &lorile mugma Was appavently

guided principally by zomes of structural weakness {n' the vre-existing rocks, as
were the monzenite and related porphyries generally associgted with disseminated
sopper deposite, In oocupying these soned the solidified diorite was "in line®

for shearing vherever sitresges were renewsd or conbimed, Subsequently, rising
solutions, following the. fracture pattern, replaced the carbonste rocks with various
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 silicates and oxides, eventuslly £illing available spenings in all rocks with sulphldes
-~ of dvom and egppers - . o R o A

_ In wome of the porphyry topper deposits of the vestern stales garnctived
or 9gilicified® limestone accoynts for a substentidl part of ‘the total tonnage,
This type of ore uswally vocupies g border or frings position in relstion to the
nain ove body in "porphyry®. Relationships parailel to those of the Christmas deposit
geeur in the western part of the Ely district of Nevada, Hére, in one deposit, the
garnetized limestone comprises the disseminated copper ove body, averaging arcund 1,08
o ~_;{if:-g;?;aea_z@; z?% ;;gsmwa porphyry vhich cuts the limestone is submerginal, averaging -

- T In sppraising the chances of ore oscurvence in the limestones arcund the
quarts mica dlorite stocks northwest of the Christmas Mine, the meost unfavorable
feature is considered to be the general lack of evidence of mineralization on the
gurfage, The limestone horizon generslly believed most favorsble, the O'Carvel bed,
and seversl hundved fest of higher beds, are well emposed near the diorite contacts,
and ave for the most part quite frosh and wnaffected by silicate or sulphide minerali-
zation = in contrast %o the widespread garnetization in the limestenes around the - -
Christmas stock. It is believed unllkely that this garnetisation, or sulphide minersii-
sation, can be credited to the "Louch® of the diopite wegma, otherwise, fresh, un-

 affected limestone would not ogeur in contaet with the dlorite, as 1t does quite often

in the Christmas deposit, The generally sccepted theory is, I believe, that so-called
conbact metamorphism is centrolled essentially by fractures or famlts. In the diorite
stocks assoviated with the Christmas and London-Arigons depéeits we find sbundant
‘avidence of mineralized fractures or shears; in the diorits stock vorthwest of the

 Christmas, shearing end pinevalization is conspieucusly sbsent, o

It is donsidered evident in the district under consideration that the physical
_ rather than the chemical asg:}é%a are 1ikely the most important in the formation of
' _pres - that extensive shattering and sheering of the rock wes vital to the iutro-
dustion of ore solutionz which replaced limestome, mere likely on & basls of proximity
rather then purity. The diorite stocka are considered sssentiel fanturss, bub nod
closely snd directly velated to the ore, except to the extent that they have determined
the shepe of orebodies by sculptoring the limestone host rucks ‘ '

L I% 1s concluded thet there i mo reagonable chance of oft occurrenice in any )
Borizon of the limestone arcund the unmineralized dlorite intrusive masses northwest
of Yiie Christmes Mine, ~ ~ . T e

o Itie mmmmnﬁéé%&h the ares be dropped from further é@iﬁﬂ&éﬁéﬁi}a@a
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Christmas

TO ACCOMPANY. M exna.

DATED, Auqu st 21,..1950
BY

JoH Cour'l'[‘uu‘h"'

GEOLOGIC MAP OF THE CHRISTMAS AREA
Banner Mining District, Gila County, Arizona
SCALE [ INCH = | MILE

After U.S.G.S. Maps by Ransome

and Ross, Bulletin 771

JULY, 1950

Map No. 929
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Quaternary Alluvium

Diorite

Cretaceous Volcanics - Andesitic

Carboniferous Limestone

Trend of shearing in outcrops which show

evidence of some disseminated sulphide

mineralization and generally very weak
hydrothermal alteration

Composite stope outline
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GEOLOGIC MAP OF CHRISTMAS MINE AREA
Banner Mining District, Gila County, Arizona
SCALE I = (000

After N.P.Peterson (unpublished) 'and C.P.Ross.

Shear zones and mineralization mapped by J. H. Courtright
Drainage pattern of eastern half from enlarged S.C.S.
aerial photograph.

August 1950 Map No. 928
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- to the Christmas have been napped by Ransome and Ross.;

- interest for exploration ‘purposes,: “As-you will recognize, the LondonqArizona

- j.Chilito copper orospect which we examined some time ago.h I do not believe the

.iueither (a) preahde any need for future 1nquiry ‘or’ reconsideration later on’or

. ip selected areas,

" AMERICAN SMELTING AND BEFZ'_IN?I?NG,
"f Tucson,"' : ; -

TS AR

gy, 9%

 MEMOBANDUM FOR W, COURTRIGHT

"CHRISTMAQ AREA : :
‘TSaddle Mountain. District
Gila County,”Arizona i

2 About this time last year Mr. Pollock recommended a reconnaissance
of the area. northwest ‘of: Christmas Mine, where intruSivesfox'diorite similar

It is suggested that the 0' arroll bed of the Marti : Devonian) limen;w.-
‘stone may be.a favorable prospect for: exploration because of its: susceptibility o
to replacement near intrusives at ‘Magma and at the Ghristmas.‘ Attractive're- o
“placement orebodies.of lead-zinc or copper could conceivably ‘exist at this
~horizon with only weak or indirect evidence of mineralization finding it
: through some 1, OOO to 1, 500 feet of" overlying limestones to surface, '

tigation.c

. Mr. Pollock was unable to follow through on the recommendation before
going to0 Peru but I believe that the problems involved: here atill warrant a
conscientious study - to either point up or to discount the implications,of
hidden replacement ores at depth. It is the type of study which, in
- that you undertake it; T believe you will welcome as “something of a change:
from your disseminated copper studies, Here the ‘problems for solution will
combine stratigraphy, structure, ore habitat and the relations of "parent intru=
'vsives" Please see my Memorandum of April 23, 1949, on unpublished ‘rock col !

You w1ll find our files on the Christmas Mine contain thorough'coverag, ¥
- and of ‘course & knowledge of the Christmas ore: occurrence is & necessary prelude -
to the regional study,. However, we do not" consider the mine itself of present

mineralization lies west of the Dhristmas and still further to the west: is th

(b) should show basis for planning a more" concertedfprogram of detailed“mapping’
In any event, the aerial photog phva ‘have obtained for

~ Whether or not time in the field to accomplish this, X
"*or a week or so is: of course dependent on: what the st:

~1EW: ar

A KENNETE WILSON
1ﬁcc- WRLandwehr AT PR Ik R
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[0 FIELD EXAMINATION “‘TERATURE SEARCH [ Aw FiLe  (x)Mine Tour

= Section | General Indexing

(D Namel{s) of Praperty or Ared’ ' . . (2) Country - |@ stote or Province
. . .. . . : __U.S.A. Arizona
CHRISTHAS MIIE, Banner Hining District : . [@ Co_or Map Shoat @ Fiis or Gors No.
Gila Co. ' Aa-7.2.3B
® Latitude ’ @ Longitude 1®Mer. [ Tws. | Rng.| Sec.|(@) Exomined by (O Dote
338 110° 1" bs fioe | (e oot
. : ffice Fietd Doys
. . | OorTacson PE' I%né
T ~ Examined by: JRKing, DISmith, Jr., DJKrasowski
Section 11 Sources of Information and ORadislao Typed: 2/9/77
References : . _ i
Author Date Title . ] Publications Vol No.
Cook, D. 1977 Tour Guide; geologist, lnspiration Copper Co. e
Eastlick, J.R.. 1968 Geology of the Christmas Mine..., Graton & Sales-0Ore Deps.
Peterson 1956 Geology of the Christmas Mine, USGS Bull. 1027H

Section il Apprcisol

(@ Recommendations - ® . ' Production. o
D Acti No [:] Past Producsr D o Cammodity Tons Grade
on w . N ,.
D Too Low Grode Producer o D Gaologic Concept Cu ’\/GOOO/d\/ ] 0.6%
D Toa -Small ) D Mineral Deposit D Geocham Anamaly
o hip Probi ’ ‘ . :
D wnarship Problem D Prospact D Geophy. Anoimaly @Reserves ]975 -
D A°7°—if_.‘<,7,'.?f’i?i"/ ' D : D : ' () meosured (X Estimated-
@ Excellent.tour o o . Cammodity. “=rsm | hg, sGrads
N i . ' Excavations . .
Num. Oritl Holes » R . - Open Pit Cu 251 "OO}O’OOO
Approx. Total Faotage ———— : Underarnd Cu 567,000,000
Spectro. Analysis- Attached @ Assays Attached @ . Geochem Results Attached

Section IV  Geologic . Data

@ Com‘mddi?y or ‘Contained Metais Cu, Ag, Zn, Au’ -

& Qre Mir;erals- Major Cpy - Bn ' Minor Sph

@ host Rocks - Major Limestones Diorite por's. minor And. vol.
ggAqe of Host Rocks  Paleozoic | Laramide ( 756 my) Cretaceous

@ Nature of Exposures

@ Alteration | mg - contact metasomatic tactite around bietitized dior. por. stock.
' @ Total Extent ’ '

® structure  Post-min. Christmas-Joker faults displaced eastern half of deposit down.

@ oOre Occurrence Ore grade strictly from tactites, dior. por. average between

0.2% & 0.4% Cu.

@Age of Mineralization (7) 56 m.y.

@ Conclusions and Recommendations See attached sheets for zonation patterns.

Note: that the stockwork qtz. veining in the diorite.por. carries only minor

sulfide mineralization;

: that MoS, is'singulafly absent;

..

competitor activite -- Phelps Dodge deep drilling 19757 two to three miles

‘southeast of mine,’sec.:b, R16E, T5S.

(For additional space use extra sheets)
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%&esday, Februa 3, 1981 ﬁq
g5>— . THE HILTON INN, 1601 Miracle Mile Strip f
~—SPEAKER: David S. Cook | ?
. SUBJECT: Update on the geology of the Christmas Mine :
\ Dinner reservations must be made before
5:00 p.m. on the Friday prior to the meeting
date.
SOCTAL HOUR 6:00 p.m MEMBER'S DINNER $7.00
DINNER 7:00 p.m NONMEMBER'S DINNER $9.00 ;
MEETING 8:00 p.m STUDENT DINNER $3.50 |

Late Reservations: Call 747-0770
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" INSPIR/"DN CONSOLIDATED COPPER co"«

CHRISTMAS DT\I LbION

’

MINING INFORMATION

Mining Method: Open Pit (7-Day-24 Hour)
' (Underground Operations ceased in: 1966)

Pit Slope: 1 to 'l (20 ft. benches with safety bench every 40')

“ Stripping Ratio: 5.0 to 1.0

Mill Capacity: 5,600 TPD
Recovery Method: Sulfide Flotation

Average Ore Grade: 0.60% Cu-—

Ore Reserves (lbs. of cu): Open Pit - 251,000,000 lbs. = - ¥ ZoM fens
Underground - 567,000,000 1bs.’ P RTINS

Equipment: Drills: 2 Robbins Rotary
: ' ' 1 Ingersoll-Rand Rotary

Trucks: 16 Caterpillar 769B 35 ton

Loaders: 7 Caterpillar 988 w/6 yd bucket °

“Ore Reserves from 1975 Inspiration Annual Report

\ ’ .
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Copy of Report by Harrison Schmitt, Mining Geologilst, Silver City
on CHRISTMAS MINE, BANNER DISTRICT, GILA CO., ARIZONA

Mr. W. io Allison, President
Riviera Mines Company
Christmas, Arizona

. Subject: Interim appraisal of the Christmas mine

Mr. Morris Blumberg stated that he would like o have certain
engineering and geological data om the Christmas mine. You have
instrueted me to write this report for his and your use.

General ,
The geographic data have been covered in many previous reports.
It is sufficient to mnote that the property ls 10 mlles north of the
Hayden smelter, and 33 miles south of Globe, Arizona. The elevation
of the collar of the main No. 3 shaft is 3,042 £t. The Gila River
canyon, about one mile east, is at about 2,050 £¢. or about 1,000 :
£t. lower. At this polnt 18 a termincus of an 11 mile rallroad spur
of the Southern Pacific R.R. that extends north from the Hayden
smelter. A good but steep road extends from the railroad terminal
to the mine. Globe, Winkelman and Hayden can be reached by fair
mountain roads. Water for the mill is obtalned from a well in the
gravel of the Glla River. A O~inch pipeline has been laid to the
mill., The 1ift is about 700 ft. Power is obtained from a 66,000 V.
power line that passes over the property. Some local company houses
are avallable for the staff and labeor and more are belng bullt.

The mine is now served by a 3-compartment shaft 915 £t. deep.
The compartments are 4 x 5 . £, There is an adeqguate hoist and
three compressors with a total rated capacity of around 2450 C.F.M.
Near the shaft a new change house has been built. There is a machine
and blacksmith shop. A timber framing shed is now belng built.

The mill is about 2,500 £t. east of the mine and 400 £t. lower.
The ore reaches the mill by means of a 4,000 £t. tram from the No, 3
shaft, 2,000 £t. of which is an adit on the 400 f¢. level. The mill
is now operatling at a capacity of 200 tons a day. This can be easily
raised to 500 tons a day with equipment now in the mlll and about %o
be installed. '

By careful planning and a moderate expenditure the shaft capa-
city can be raised to 500 tons of ore daily.

Geology

‘The Christmes mineralization is contact pyrometasomatic ("con-
tact metamorphic”) in type. The ore replaces limestone at the
contact of a plug-like quartz diorite intrusive. The gangue is
largely garnet with minor magnetite and tale. The average width of
the ore zone 1s about 100 £t., but locally a width of 150 f%t. or
more is attained. The ore usually occurs in beds of from 5 - 70 %.
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in-thickness. A minor amount is found in vertically tabular bodies
along contacts and the new ore on the north contact below the T70

‘£t. level is a more or less pod-like mass extending more than 600 ft.

along the strike. It is at least 150 ft. high in one place and
averages about 100 ft. wide. It reaches and extends to an unknoun
depth below the floor of the 905 £t. level.

The total length of ore bearing porphyry plug contact is about

4,000 £%. Above the 500 level most of the ore produced was partialiy

or wholly oxidized. Some of it was smelted directly on the property,

some was shipped tc Hayden for use as a flux ore and some 300,000 toéns
was milled locally. Altogether 1,517,044 tons of ove averaging 2.408%
Cu was mined up to December 19, 1953. This was largely from above the

- 500 £t. level, but includes orve from block T2 now being mined on the

north contact. -

The ore was all in the Penngylvanlan limestones and shales now
called the Galiuro limestone.. This formation lis roughly equivalent
%o the Magdalena limegtone at Hanover, New Mexico. The new ore occure
ing on and below the 770 ft. level appears to be in the Mississipplan
and Devonian limestones. These are locally called the Escobrosa and
Martin limestones. The Escobrosa 1s roughly equivalent to the Lake
Valley limestone at Hanover, New Mexico. .

Throughout southwestern Arizona the Escobrosa and Martin lime-
stones are especilally favorable horizons and the Lake Valley is the
most faverable horizon in western New Mexleco and particularly at
Hanover, New Mexico. The lower levels of the mine then, are just
penetrating the Tavorable lower limestone horizons. It appears signi-
ficant that the grade of the ore on the 770 and 905 levels as well as -

~that in drill holes below these levels 1s higher than the average of

the levels above the 500 ft. level. The ground between the 770 and
500 £¥. levels is not well lmoun, but to date appears to be less
attractive than the ground below the T70.

The diamond drill data on hand indieate that in the vicinity of
the No. 3 shaft the deepest ore known bottoms on "sandstone" and
"quartzite." This is as deep as 490 ft. below the 905 ft. level on
the north contact. On the scuth contact the ore bottoms on "quarize
ite" 565 £¢. below the szame level. The average known depth of the
ore in this area then i 52% Tt. below the 905 ft. level. Because
of the formation dip the guartzite contact would be deeper eastward
toward the Christmas fault. : '

This fault has a throw of more than 1,800 £t. and bounds the ore
bodles on the east side of the mine. I the hanging wall of this
fault the remainder {more than one-half) of the contact zone around

- the porphyry plug should exist. 7This affords a good probability of

extending the life of the mine but will entall some costly develop~
ment work. '

Andesitic volecanic rocks, also in the hanging wall of this fault,
but exposed at the surface, are mlneralized by low grade copper mine
erals. The boundaries of this mineralization are not known, but the
"ore" is 1,500 £t. deep at the No. 4 shaft and an alteration blot in
the vieinity measures about 3,000 by 5,000 £ft. The ground in the
immediate vicinity of the No. 4 shaft averages about .45% Cu.

?
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Ore Reserves

No attempt will be made to submit 2 detailed ore reserve report.
The gross possibilities, however, appear to be of critical interest.
As noted earlier the contact zone on the foot-wall of the Christmas
fault, i.e., the present mining area, has produced 1,517,044 tons of
ore, which averaged 2.408% Cu. This production was from the surface
down to the 905 £t. level, but most of it came from above the 500 f¢
level. 1In the viecinity of the No. 3 shaft which is on the west side
of the zone, the ore l1s known to extend to at least 700 £t. below
the 770 £t. level. Since the formavion dip is southeast and the
Christmas fault dips 70O degrees east of the volume of ground avail-
able as a host for ore below this level is about eguivalent to that
above it. Thus the lower country should produce at least as much as
the upper country. Actually now it appears to have a greater concen-
tration of ore per vertical foot. The grade of the ore averages
2bout 25 per cent better also as revealed by the development so far
‘done.

Iﬁ more detail the ore so far developed below the 770 level i=s
as follows: :

The development of the north contact ore is more advanced than
the other areas. It has been done by diamond drilling, drifting, :
raising and by stoping. The area most thoroughly developéd {block T2)
is now being stoped. It is 300.7%¢. long along the strilke, and aver-
ages about 100 £t. wide and 130 f£t. high. The gross volume would be
equivalent teo 390,000 tons, but becsuse of a small limestone core,
the reserve has been estimated at 300,000 fons. About 60,000 tons of
3.84% Cu ore has been extracted from this block by means of irregular
workings and “"Golden Queen" slots recently started by the Riviera
Mining Company. '

. A few months before the Riviera Company started active operations
Mr. George Freeman under my direction cut 50 samples at regularly
spaced intervals on the several levels and sub-levels driven in this
ore body. The average assay of the samples was 3.68% cu.

Extending east from this ore body but beyond a 50 £t. wide por-
phyry cross-dike or "finger dike" a drift on the 791 £t. level has
been driven for a distance of 235 ft. in ore. This working produced
2,620 tons of ore which was shipped to the smelter. The average ‘
smelter assay was 4.56% Cu. This ore is the northeastern extension
of the main ore body. If it retains the same vertical cross-section
as the latter ore it represents 300,000 tons of additional ore. The
distance from the face of the above drift to the Christmas fault,
where any eastward extension of ore will be cut off, is 450 £t. IFf,
on a more tenuous basis, we extend the ore body northeastward over
this interval using the same vertical cross-section we can estimate
an additional 585,000 tons of ore.
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‘ . North contact ore reserve between 905 and 770 ft. levels -~
Recapitulation :
B Tons Grade % Cu¥

Block T2 : ’ 240,000 3.32

793 Dr 300,000 - 4.13

To. Xmas Faull 585,000 -

- . 1,125,000 : 3.75 | -
*Reduced by 10 per cent for probable sampiing and dilution
. error. o ‘ o

‘Some of this ore may dip below the 905 £t. level as it is fol-
lowed eastward, bui there is as yet no firm indication that it does
this. Recent experience suggests that a dilution factor of 20 per
cent is too conservative because the ore body is so large that slough-
ing from the waste wall-contacts is rarely substantial. o

_ The south contact below the 770 £6. level and above the 905 ft.
level has been only slightly developed and only in the vieinity of
the No. 3 shaft station. This station has exposed a height of 27L& £%.
of 3.42% ove and three diamond drill holes drillied from the 770 level
cut ore above the 905 level. The average of four ore penetrations is
2.95% Cu. These may represent beds or vertically tabular ore elongated
along the porphyry contact. Thus it is difficult to estimate the
amount of ore, but there must be a minimum of 50,000 tons since two
of the penetrations (the shaft and DDH 52B) are over 25 £t. high and

. eould represent horizontal sections at least 50 £t. on a side.

Besidez the north and south contact there are two other blocks
of ground between the 770 and 905 levels that contain ore. These are
in a "finger” or dike country 400 £t. and 600 ft. respectively north-
west of the No. 3 shaft. Block 44 is below the 773 drift from which
ore with an average width of 8 ft. has been mined along a dike contact.
Two diamond drill holes have cut the ore below the 770 and above the
905 level. The ore in these penetrations average 10 ft. wide along
the dike contact and 3.15% Cu in grade. Taking a strike length of 250
ft. and a height of 130 ft. we can estimate 32,500 tons.

A third hole, USBM No. 3, cut 20 £t. of ore that averages 3.48%
Cu. This appears to be a bed between the two porphyry dikes or
"fingers” and could be 16 ft. thick. It may represent ore at least
50 ft. in a side. This would be equivalent to 4,000 tons.

The fourth block of ground is below old 771 stope which was in
the 770 level. High grade ore occurred in the floor of this stope
and should extend down to the 905 level. The tons per vertical foot
is about 500 so here we can safely estimate 25,000 tons of possible
reserve. The grade should exceed 3.0%.
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Recaplitulation of ore between 770 and 905 levels:

: Tons Grade % Cu¥
" North Contact . 1,125,000 3.75
South Contact 50,000 2.66
Block 44 36,500 2.83
Below 771 stope —23,000 -
Total 1,236,500  3.67

#After 10% reduction for dilution.

On the south contact as on the north contact a great volume of
ground remains unprospected. This amounts to 2,000 lineal feet of
contact. The partially developed south contact ore occupies 300 ft.
of the contact so a minimum of 333,000 tons should remain undeveloped
on the south contact between the 905 and 770 levels.

The ground below the 905 level that is lmouwn %o contain ore ex-
tends to at least 550 £t. below the 905 level where quartzlte comes
in. At some time a level at least as deep as a 1,500 £t. level will
presumably be driven. Two diamond drill holes, Nos. 23D and 24E have
intersected significant runs of ore. DDH 24E cut ore 23 ft. high on
the north contact that averages 9.53% Cu. The bottom of this is 230
£t. below the 905 level. DDH 23D on the south contact 700 £t east
of the shaft cut ove that averages 3.21% Cu for a height of 32 f%.
and when some low grade is included 2.83% Cu for a height of 80 Pt.
The bottom of this ore is 360 £t. below the 905 level. This same hole
cut ore at a still greater depth averaging 2.76% Cu for a height of
50 ft. When lower grade ground is included 2 height of 65 £t. aver-
ages 2.63% Cu and a height of 85 ft. averages 2.55% Cu. The bottom
of this ore is 565 ft. below the 905 level. Presumably at both ore
intersections the maximum heights of 80 £t. and 85 £t. will be mined.

These penetrations represent large tonnages of ore 1f they cut
beds, but probably lesser tonnages if they cut ore on rorphyry con-
tacts. Until more holes are drililed a tonnage estimate is nearly
meaningless, but it is obviocus that an expectation of at least several
hundred thousand tons is not too liberal. ‘
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Orevﬁeserves - Recapitulation
Between 770 and 905 levels
Block or working’ Geologieally Grade

Positive Probable Possible Total % Cu¥*
aect
g%ﬁﬁ% %%nt ' 200,000 40,000 240,000 .32
793 D» 50,000 50,000 200,000 300,000 J1
TiBee peme _ (3.00%)
Eeb-Total 250,000 150,000 135,000 -
South éahtactt .
00 £ of contac .
3near No. 3 shaft 10,000 40,000 50,000 2.66
£¢.0of contact
B naining 3 333,000 333,000 =
Block 44 lgaogg Egsggg 35,838 g.gg
DDH USBM No. Q .
Py 4 TTTT . pBh000 25,000
P8 e 5500333000 o
Below 905 level 50,000 50,000  100,000¢ 200,000 (*3.0)
Grand Total 321,000 280,500 1,168,000 1,769.500 3.61
*Reduced 10% for probable dilution and sampling. errors.
Mining

The best method or methods of mining to extract the various ore
bodies on the 905 level is not yet apparent. The ground is heavier
than it was on the upper levels of the mine where open stoping with
pilllars was the rule. The heavier ground can, of course, be mined by
square setting, but a methed that would use less timber and obtain a
higher ton per man shift production would, of course, be preferable.
In block 72 the "Golden Queen” slot method is being triled, but this
may not be the method finally adopted in this area. '

Much of the development work requires no timber but roof boli-
ing is found advantageous for some of the drifts where timber would

be needed ctherwise. Even 50, some timber will be needed in some
drifts and particularly in ralses through ore. '

In the estimates on development costs to follow $30 a foot for
direct costs is used. This was about right a few months ago, but

the recently improved labor efficiency may make it possible %o do
the work for a lower figure at this time.

In order to maintain the proposed and nearly attained rate of
production, (i.e. 200 tons), I should think that a round in three
headings daily or about 12 f£t. a day will be needed for some time
with the possiblility that this rate can be later reduced because of
the high tons of ore per vertical foot now evident between the 770
and 905 levels. This would cost about $360 a day or $1.80 per ton
of ore. After about three months when 900 £t. of work will have
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been done it should be possible to half this rate. This would cost
$.90 a ton of ore mined. About one shift of diamond drilling will

be needed continuously. This would cost about $100 a day or $.50 a
ton. 'The normal development ecost, then, for the 200 ton dally rate
of production would be about $1.40 a ton. This should be considered
a curvent direct cost.  The exitwra work to be done the first three
months can be consldered a capital charge for either dally rate of
production selected. It would amount to $13,500 for the lower rate
and $33,750 for the higher rate. '

To get the mine in shape for a 500 ton dally rate will require
more detailed plamning and estimates than it is possible to make in
this report. The operatoprs say that the ore and waste to be moved in
the shaft at this rate can be provided for by using double-decked
cages. Possibly they will want to go to skip hoisting. But for this
a large expenditure for shaft pockets would be needed.

The development work should proceed at two and one-half times’
the rate given above for the 200 tons a day rate of mining, i.e.,
30 £t. of heading (8 headings) per day for three months, then one-
half of this. The costs per ton of ore would ke the same unless a
lower cut-off grade for ore can be used. In this case less develop-
ment will be needed per ton than when the slower rate is maintained.
Because of the difficulties of waste disposal at the greater rate of
development this development may be varied in pace. Thirty feet of
drift will produce about 150 tons of waste and ore. All the waste
can be used for stope £ill. Very little of it will need to be hoisted

in the shaft.

| The question asked, "What additiomal underground capital expen-
ditures will be needed (1) in order to maintain a2 200 ton rate and
{2) to maintain a 500 ton rate?" is answered as follows:

1) The 200 ton rate will require $13,500 for extra development
for the first three months.This is over and above the develop-
ment average cost which will be carried as a direct cost.

2) Fox the 500 toh rate including expénsicn of both developunent
and mining the following items of equipment will be needed:

a}) 20 drilling machines

b} 2 new cages =

¢) 50 new cars :

d) 2 new Mancha type locomotives

These items and othér*miscellaneous ones would cost arounﬁ'

ggg,ggg. The extra development would cost $33,750. The total 1s
» . . '

Donald Case estimated that $5,000 will be needed to get the
mill ready for a 500 ton rate of production.

Additional houses will be neceded for both the 200 ton rate and
the 500 ton rate. For the 200 ton set-up 10 additional houses and
bunkhouses are planned. These will cost about $35,000. About 100
additional men will be needed for the greater rate. These will
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require about 30 new houses and several bunkhouses. These would
cogt about $100,000. Thus, the total addltional capital expenditure
needed for the higher rate seems to be about $155,000. -

Recapitulation-New Capital Expenditures
200 ton rate '

Undezrground ’ v
Extra development first 3 months $ 13,500
Surface _;gﬁggg
Total 48,500
500 ton rate
Underground
Extra development first 3 nonths 33,750
Machines, cages, Manchas, ete. 50,000
Surface
Houses and bunkhouse 100,000
Mi11 : 5,000
Total 188,750

Direect Costs

The most immediate critical factor in the direct costs is
the method or methods of mining to be used, and the labor efficiency
that can be obtained. Straight square get stoping should result in
3.0 tons per man shift on the basis of the better efficiency that
is now showing up. The "Golden Queen” slot method now being tried
should result in at least 4.0 tons per man shift when it is well
underway. DMost of the items in the following list excepting the
mining and overhead costs have been fairly closely established.

The overhead cost will be difficult %o determine until the present
construction work is completed.

Direct Costs per dry ton -
200 tons per day**

labor - {4 tons per man shift) $ 5.26%
Timber: ~ 55%
Supplies, power,etc. .02
Development (after 3 months) - i1.%20
Social Sec. and Ins. - .75
Milling 2.73%
Overhead 1.25%

: Total $12.86%%

**Subject to revision ba

*Based on revisions {of

sed on current experience
6-15-53) by Frank and Sam Knight
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. ' Smelting Qutcome {El Paso Smeliter)

Market price ($0.29) less $.032 (for freight and refining)
Copper in conc. less 20 1lbs.-
Smelting charge $9.25, conc. 28.5% Cu

Cr Db
$0029 - a032 = 01258
570 1bs - 20 = 550 1bs. o |
550 x .258 o $141.90
Gold and Silver 5.28
e - ‘o2
Sme ng .
R.R. Frelight 2.201
131.93 15.25

The concentration ratio (based on a 3.61% head and 90% recov~ '
ery) is égg“; 8.5 . Therefore, a market price of 29 cents eastern

seaboard gives a dry ton value at the mine of $15.52. This leaves
$2.66 for royalties, amortization and profit on the 200 ton rate
basis.

" The 500 ton rate would give a reduction in milling and over-
head costs. My rough estimate is that the milling would fall to
about $1.50 a ton and the overhead to about $.75 a ton. - This would
result in total costs of $11.13. This leaves $4.42 per ton for roy-
altles, amortization and profit. The milling rate may betoo high
for such a simple and soft ore.

In the immediate future should an adverse condition in tons
per man shif't and/or market price arise it can probably be offset.
by the quick development and the mining of the high grade 4.11% Cu
~ore east of block 72. 1t would take about three months to get
started on this ore. There could very well be 300,000 tons in this
ore block under 793 drift and above the 905 level. This could supply
the mill for over 4 years at the 200 ton rate and over 1% years at
the 500 ton rate.

Summary and Conclusions

The ore reserve of the Chrlstmas wmine disrsgarding the low grade
lime fluxing ore of the levels above the 500 £f. level and including
positive, prcbable and geologically possible ore to an average depth
of 525 £t. below the 905 £t. level totals 1,769,500 tons with an esti-
mated grade of 3.61% Cu. The ultimate potential is twice this if the
probable deep ore east of the Christmas fault is considerved. Further-
more, the tonnage estimate is conservative considering the large vol-
ume of unexplored ground below the 905 level. The estimate of grade
is better for certain blocks than others. Two of five diamond drill
holes put down in the lower country cut excellent penetrations of
better than average ore.

The chances appear good for a large tonnage of disseminated
porphyry ore east of the Christmas fault.

In order to complete the preparations for the 200 ton daily'fate
a capital expenditure of around $48,500 will be needed for a three
months development campaign and for further housing.
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In order to raise the tonnage output to 500 a capital expen-~
diture of around $188,750 will be needed for an underground cam-

paign of development, new equipment, additional housing and expen-
ditures for the mill.

On a 29¢ market and with production at a rate of 4 tons per
man shift a profilt before amortization and royalties of $2.66 per
ton is indicated on the average grade of the ore reserve where the
rate of production is 200 tons dally. At 500 tons daily the profilt
before amortization and royalties should be $4.42 per ton.

A temporarily adverse condition in the price of copper and
production of ore per man shift probably best ¢an be met by pushlng
the development and mining of the higher grade ore in the vieinity
of the 793 drift. This is just east of block 72 now being mined.
Tonnage estimates suggest that this block would last more than 4
years at the 200 ton rate and move than 1% years at the 500 ton rate.

Original signed
HARRISON SCHMITT
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