CONTACT INFORMATION
Mining Records Curator
Arizona Geological Survey
3550 N. Central Ave, 2nd floor
Phoenix, AZ, 85012
602-771-1601

http:/ /www.azgs.az.gov
inquiries@azgs.az.gov

The following file is part of the Cambior Exploration USA Inc. records
ACCESS STATEMENT

These digitized collections are accessible for purposes of education and research. We
have indicated what we know about copyright and rights of privacy, publicity, or
trademark. Due to the nature of archival collections, we are not always able to identify
this information. We are eager to hear from any rights owners, so that we may obtain
accurate information. Upon request, we will remove material from public view while we
address a rights issue.

CONSTRAINTS STATEMENT

The Arizona Geological Survey does not claim to control all rights for all materials in its
collection. These rights include, but are not limited to: copyright, privacy rights, and
cultural protection rights. The User hereby assumes all responsibility for obtaining any
rights to use the material in excess of “fair use.”

The Survey makes no intellectual property claims to the products created by individual
authors in the manuscript collections, except when the author deeded those rights to the
Survey or when those authors were employed by the State of Arizona and created
intellectual products as a function of their official duties. The Survey does maintain
property rights to the physical and digital representations of the works.

QUALITY STATEMENT

The Arizona Geological Survey is not responsible for the accuracy of the records,
information, or opinions that may be contained in the files. The Survey collects, catalogs,
and archives data on mineral properties regardless of its views of the veracity or
accuracy of those data.


http://maps.google.com/maps/place?q=Arizona+Geological+Survey&cid=17499330617712548165�
http://maps.google.com/maps/place?q=Arizona+Geological+Survey&cid=17499330617712548165�

: '3//1;
FEB 251974

L HIRERALS DS -TCSIN

TURQUOISE DEPOSITS OF COURTLAND, ARIZONA.

WM. P. CRAWFORD AND FRANK JOHNSON.

| ARIZONA
B/16




CRAWFORD & JOHNSON
AUTHOR
Turquoise deposits of

"Courtland, Arizona.

BORROWER'S NAME

ARTZONA
B/16
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J. B Imﬂe:"

January 26, 1970

Comment on Shannon Mine, Cochise County, Arizona and Alice
Mine, Pinal County, Arizona. % _

SHANNON MINE

The Shannon Mine is located in the Turquoise Mining
District, Cochise County, Arizona. The Turguoise District
includes the towns of Courtland and Gleeson. The Charleston
Group, which is situated northeast and east of Gleeson,
contains nine patented claims and is owned by the Shannon
Mining Company. )

At the time of shutdown, September 1957, the Shannon
mine was the third largest producer of copper in Cochise County,
being preceeded only by the Phelps Dodge Bisbee operations and
the Jobnson Camp operation of Cyprus Mines. The total productioa
from 1806 through 1957 was 494,256 tons of ore with an average
value of 1.8% copper. :

The Shannon Mine has been worked as a high grade copper
mine throughout its history. The fact that it has not reopened,
in spite of a doubling of the price of copper since 1857, indicates
that it is probably finished a s a high grade mine,

Ore in the Shannon Mine occurs as pyritic copper deposits
in Earboniferous limestone., The limestone has been intruded by
'sills of quartz monzonite porphyry, and the copper mineralization
is considered to be contact metamorphic in nature. The quartz
monzonite porphyry has strong guartz-sericite alteration and
contains disssminated pyrite and chalcopyrite.

This mine is located in an area which I have always
considered to be favorable for copper prospecting. It is an
area of proven production, complex structure, strong alteration,
and mineralized intrusive. I think it represents an area of
"good hunting"” for a porphyry copper deposit. In ting
this district, however, an area much larger than that represented
by the Shannon Mine must be considered. The feasibility of an
exploration project in this area would largely dependy on the
property status of the district and what,if anything, has been
done by other companies in the way of driluu in the district.
I suspect that this area has been carefully scruténized by
other companies, but it has enough merit to warrant looking at
and checking the land status and previous work. T




Page 3.

To; B. L. White
From: J. B, Imswiler - _ -
Subject: Shannon and Alice Mines - Arizona

" The information submitted by Universal

Company does not specifically locate the Alice Mine, but
the general description would place it in Fasteran Pinal
County between the towns of Ray and Hayden. No literature
references could be found pertaining to the Alice Mine.

; The geological setting is certainly a familiar one
in Arizona copper deposits, i.e., contact metamorphic and
replacement deposits with nmuimucn associated with late
porphyry intrusion. This area has been and is being heavily
prospected. Mr. Gaylor's letter states, "Inspiration €opper
Company recently spent a number of months doing geophysical
work and drilling on their property north of and contiguous
tO .’ 1‘ Ghm....".

- The Alice Mine obviously is not economical to

- operate today, but would have value only as part of a larger
_package if a porphyry copper should exist at depth. Since

the surrounding ground is apparently taken up, and since the

~area has been heavily prospected, I can see nothing desirable
‘about acquiring the Alice Mine.

~ Respectfully submitted,

J. B. Imswiler

JBI:jh
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\ INTER-OFFICE CORRESPONDENCE

COPIES TO

TO

FROM

DATE

SUBJECT

. D. H. Freas

BR. L. White
J. B. Imswiler
January 26, 1870

‘Comment on Shannon Mine, Cochise County, Arizona and Alice
Mine, Pinal County, Arizona.

SHANNON MINE

The Shannon Mine is located in the Turquoiss Mining
District, Cochise County, Arizona. The Turquoise District
includes the towns of Courtland aand Gleeson. The Charleston
Group, which is situated northeast and east of Gleeson,
contains nine patented claims and is owned by the Shannon
Mining Company.

At the time of shutdown, September 1957, the Shannon
mine was the third largest producer of copper in Cochise County,
being preceeded only by the Phelps Dodge Bisbee operations and
the Johnson Camp operation of Cyprus Mines. The total production
from 1896 through 1957 was 494,256 tons of ore with an average
value of 1.8% copper.

The Shannon Mine has been worked as a high grade copper
mine throughout its history. The fact that it has not reopened,
in spite of a doubling of the price of copper since 1957, indicates
that it is probably finished asa high grade mine. '

Ore in the Shannon Mine occurs as pyritic copper deposits
in €arboniferous limestone. The limestone has been intruded by
sills of quartz monzonite porphyry, and the copper mineralization
is considered to be contact metamorphic in nature, The quartz
monzonite porphyry has strong quartz-sericite alteration and

contains disseminated pyrite and chalcopyrite.

This mine is located in an area which I have always
considered to be favorable for copper prospecting. It is an
area of proven production, complex structure, strong alteration,
and mineralized intrusive. I think it represents an area of
"gcod hunting" for a porphyry copper deposit. In prospecting
this district, however, an area much larger than that represented
by the 3Shannon Mine must be considered. The feasibility of an
exploration project in this area would largely depen‘ on the
property status of the district and what,if anything, has been
done by other companies in the way of drilling in the district.
I suspect that this area has been carefully scrutinized by
other companies, but it has enough merit to warrant looking at

and checking the land status and previous work.
Form 0-100 Rev. 3-61
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The Milan G. Weber Associates .

MANAGEMENT CONSULTING
P.O. Box 81 * Deerfield, Illinois 60015 * Area Code 312/945-3673

8 December 1969

Ia)

Mr. D. H. Frea /)

Manager of Exploration

Western U, S, A,

International Minerals & Chemical Corporation
5401 Old Orchard Road

Skokie, Illinois 60076

Dear Mr. Freas:

Thank you for your letter of October 15th, expressing interest

in the copper mine properties mentioned in my letter of Septem-
ber 23rd. I regret the long delay in responding, but I am pleased
to send further details.

We are enclosing additional information about the company. For
_your very confidential information it is the Shannon Mine near
Gleason, Arizona. It is owned by Ilydrometals, Incorporated, of
Dallas, Texas. Ilydrometals, Incorporated, is in the process of
divesting themselves of this copper property and would be pleased

to discuss either an outright sale or an option arrangement.

Please do not hesitate to call on us for any further information
you may now require for your evaluation of this mine as an acqui-
sition prospect. Also, we will be very glad to arrange a visit at
your convenience to inspect the properties.

With warm regards,
,/f
//
- Y ncerely,

-7 Milan G. Weber~
President

MGW: i
Iincel,

! OUR ACQUISITIONS/ MERGERS DEPARTMENT CREATES SYNERGISTIC SITUATIONS
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EXHIBIT A-lJo

|
\

wovonmber 22, 1942

L]
Re: Shannon Minlng Compuny
To:

(%3

Koo JoovWe Faust, Vice Mresident
deru dining Company
havover, lew Mexlico y

Thi.enelosed ors reserves report on She Sharmon Mine woas made by we in Septenber
1957, &t the time of shutdown. 4ll information was current usin r informnation
obrained by drifting, reising, diumond drilling, proupset drillihg, and sazpling.
fapping wae canplete and up~-to--date. ' o
The celeulations were made ty me. Tonnages wers"estinsbed using lactors obtained
oy operaticnal and geologhecal cusarvations Ln the derivd Irom Novemtur 1954 to
Saptember 1957, : ' : '

The zbove sslimate was made.in 1957 to -the best of my ability on information
availabdlue '

Le ve Donley
Mdne Superintendent
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COPPER.

THE TURQUOISE COPPER-MINING DISTRICT, ARIZONA.

‘By F. L. RANsoME. .

INTRODUCTION.

The following notes are the record of a brief visit to the Turquoise
district in October, 1911, when a little less than five days was spared
from other work for an examination of the complex geologic relations
of the copper deposits near Courtland and Gleeson. The results
obtainable in so short a time are necessarily incompletc and are
presented with the full realization that they are likely to be modified
by later detailed study. They would be even more imperfect were it
not for the facts that a topographic map by Mr. F. J. Gibbons, engi-
neer of the Great Western Copper Co., was available for the part of
the district adjacent to Courtland and that the geologic boundaries
had been carefully traced for this area by Mr. W. G. McBride, general
superintendent for the same company. The principal changes made
in Mr. McBride’s work, as presented in figure 17, are the interpretation
of some of the boundaries as faults and the inclusion with the Cam-
brian dolomite and shale of some material originally mapped as
quartzite. To both gentlemen I am much indebted for their cour-
teous assistance.

SITUATION OF THE DISTRICT.

The Turquoise mining district is situated on the east flank of the
Dragoon Mountains, in Cochise County, Ariz., about 14 miles due
east of Tombstone and about 18 miles north-northeast of Bisbee.
It lies for the most part in a small group of hills that separate the
south end of the main range from the broad expanse of Sulphur
Springs Valley. The district is reached from the north by a branch
of the Southern Pacific Railroad by way of Pearce and from the
south by 2 branch of the El Paso & Southwestern Railroad from
Douglas.

It contains two small settlements -Courtland, shown in figure 17
and the older town of Gleeson, about 1} miles to the south.
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126  CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1911, PART I,

MINING DEVELOPMENT AND PRODUCTION.

During the eighties the Gleeson, Tejon, and a few other mines ney;
Gleeson produced considerable quantities of oxidized ore, carryiug
gold, silver, lead, and copper, from deposits in a ridge of Carboniferoys
limestone east of town, but by 1902 these ore bodies had ceased to be
profitable. The extension of the railroads into the district a few
years ago made possible the utilization of lower-grade ores and at
present the Copper Belle mine, near Gleeson, under lease to the
Shannon Copper Co., is producing a low-grade pyritic ore.

The turquoise mines, from which the district gets its name, are on
the west side of Turquoise Hill, northwest of Courtland (fig.17). They
are said to have been fairly productive, but they are now idle and
very little could be learned of their history. Copper mining on an
important scale began near Courtland on the Humbot claim about
the year 1901, and it is reported that this mine yielded about $100,000
from a body of oxidized ore stoped near the surface. In 1907 and
1908 there was much activity in the vicinity of Courtland and exten-
sive prospecting was carried on at several places by Phelps, Dodge &
Co., the Calumet & Arizona Co., and the Great Western Copper Co.
The work as a whole was rather disappointing, but the Calumet &
Arizona Co. shipped 15,000 to 20,000 tons of 7 per cent oxidized cop-
per ore from the Germania mine, and the Great Western Copper Co.
had produced at the time of visit about 30,000 tons of ore from the
Mary mine, which is on the same ore body as the Germania. About
$250,000 was expended by the Calumet & Arizona Co. on the Lead-
ville claims and some low-grade sulphide ore was found, but work was
finally abandoned. Although there is known to be still some good
orein the Germania mine, the only mines in operation in 1911 were the
Mary and Mame, both owned by the Great Western Copper Co. At
the time of visit this company was shipping from all workings, but

mainly from the Mary mine, at the rate of nine 50-ton cars a week.
1

GENERAL GEOLOGY.

The Dragoon Range, which trends generally north-northwest, with
& length of about 25 miles, is composed chiefly of Paleozpic rocks;
ranging, from the middle Cambrian to the Carboniferous (Pennsyl-
vanian). These are cut by various igneous rocks, especially by a
large mass of rather coarse textured granite, which makes up much
of the northern part of the range.

The hills of the Turquoise district rise 1,000 to 1,500 fect above
the adjacent Sulphur Springs Valley, the highest line of summits being
composed of hard quartzite which is probably the ecuivalent of the
middle Cambrian Bolsa quartzite of the Bisbee district. The original

base of this quartzite was not scen in this reconnaissance, lthough
4
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{.. T. Dumble * has reported the occurrence of mica schist, presumably
. re-Cambrian, in South Pass, 7 or 8 miles northwest of Courtland.
In the vicinity of Courtland the quartzite rests upon a rather fine
«rained, very much decomposed granitic rock which apparently
cupies much of the relatively low ground between the Turquoise
1ills and the main Dragoon Range and forms some of the low hills
into which that range subsides toward the south. This rock is too
much decomposed for complete identification, but apparently it is a
quartzose granite in which the feldspar has been wholly altered to
«oricite. The microscope shows that most of the quartz grains are
minutely fissured, the fissures being filled with sericite. The contacts
of this rock with the sedimentary rocks are generally covered by loose
Jetritus, but some exposures in the saddle about half a mile south-
west of Courtland (see fig. 17) show that the granite rock is intrusive
into the quartzite, which has been rendered schistose at the contact.
Farther south, between Courtland and Gleeson, it probably is intru-
sive into the Carboniferous limestone also, although no exposures of
this contact were seen.

The quartzite, which forms the steep hills along the western edge
of the area mapped in figure 17, strikes on the whole nearly north
and south and dips generally eastward at angles ranging from 40°
to 80°. It is overlain to the east by a formation of thin-bedded
dolomite or dolomitic limestone and shale within which are the
Leadville, Mame, and Humbot mines. These rocks, which are
probably the stratigraphic equivalent of what was named the Abrigo
limestone at Bisbee,? have been strongly metamorphosed through the
formation of garnet and other silicates with sulphides, chiefly pyTite.
Such resemblance as the rocks may once have had to the Abrigo as
developed near Bisbee has been obscured by this metamorphism and
still more by the oxidation of the pyrite and by the action on the
rock of the sulphuric acid thus formed.

_ Northeast of the Cambrian dolomite and shale is a belt of gray
limestone forming Monarch, Casey, and Reservoir hills. This lime-
stone is sparingly fossiliferous and is undoubtedly of Carboniferous
age, probably Mississippian. No Devonian rocks were recognized
near Courtland, although Dumble * has noted the presence of rocks
of this age elsewhere in the Dragoon Mountains. The Carboniferous
limestone near Courtland has been irregularly invaded by monzonite
Porphyry and no longer has its original stratigraphic position with
reference to the Cambrian beds. In some places it is faulted against
these beds and in others it is separated from them by intrusive masses

of @ow@?ﬁ%.
/.( - -
T e -
. Wosm on the geology of southeastern Arizona: Trans. Am. Inst. M . FUUANS (W R
ansome, F. 1., geology and oro deposits of the Bisbee qu wle, Arizona: Prof. Paper UL 8,

Geol, Survey No. 21, 1904
30p. cit., p. 711,
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the relations of the two rocks, which here weather much alike 5y,
are deeply decomposed.

The second variety of porphyry, which occupies considerable are_
east and north of Courtland, is intrusive mainly into the Carboyj;.
erous limestone but is in igneous contact with the Cambrian beds als,,
Although nowhere fresh, this porphyry as a rule is darker in col,
and much less altered than the other variety. Where comparatively
fresh this rock shows abundant phenocrysts of reddish feldspar whic],
are mostly plagioclase, although some of the larger crystals are orth.
clase. There are visible also a few small irregular grains of quart;
and fairly abundant chloritic pseudomorphs after biotite. Th.
microscope shows that this rock also is a quartz monzonite porphyry,
although apparently it is less silicic than the variety first describe,
Even the freshest specimens are more decomposed than mere inspec.
tion of hand specimens suggests and the rock of the low rounded hil}
just south of Courtland, supposed from its texture to belong to the
second variety, is altered and bleached to a product closely resem-
bling the porphyry west of the Mame shaft.

It appears that the two varieties of porphyry here described belong
to the same rock type—quartz monzonite porphyry—and it is pos-
sible that they represent contemporaneous intrusions of the same
magma; but their general appearance is sufficiently different to
justify their provisional distinction in a preliminary examination of
the field. ’ .

The cause of the metamorphism of the dolomitic Cambrian beds is
not entirely clear. The alteration is probably connected with the
intrusion of the porphyries, but as the visible portions of these igneous
masses have themselves undergone metamorphic changes it appears
that the transformation must be due principally to some underlying
body of eruptive rock. .

West of the Copper Belle mine, near Gleeson, there is a decomposed
rock with contorted flow banding and a dark color due to very abun-
dant dendritic films of manganese oxide. This is apparently &
rhyolite. The only other igneous rock noted in the district is a gray
tuff-breccia that was cut in the workings of the Casey shaft. This
rock is altered and contains finely disseminated pyrite but is clearly
of andesitic or latitic character and perhaps records volcanic activity
at the time of the porphyry intrusions. Its geologic relations could
not be ascertained in 1911, but as it is abundant on the dump of the
shaft. it possibly has considerable extent underneath the overthrust
mass of Cambrian quartzite.

COPPER DEPOSITS.
The copper deposits of the Turquoise district may be grouped as

follows: (1) Oxidized blanket deposits connccted with thrust fault-
ing, exemplified by the ore bodies of the Germania and Mary mines.
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() Pyritic deposits with some associated bodies of oxidized ore in
mi Cambrian dolomitic limestone and shale, exemplified by the
M;.”Ee. and Leadville mines. (3) Pyritic deposits with associated
m..w:.,w of oxidized or enriched ore in Op..&onm_..onocm limestone, exem-
plitied by the Copper Belle and other mines near O_mowoc.. .
The general plan of the Em&?.ﬁmawaﬁ ore Uo&.% is shown in
fioure 18, the outline for the portion of the body within the Mary
claim corresponding approximately to what is w.ﬂbosd. ohm the extent
of the ore, while the boundaries of that portion within the Ger-
mania claim are surmised from an inspection of the map of the

7
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FIGURE 18.—Plan of partsof the 160-foot level of the Mary mine and of the 261-foot lovel of the Ger-

mania mine, Turquoise mining district, Arizona, showing the approximate outline of the 1ain ore
body.

underground workings of the Germania mine, the presence of sub-
levels and ore chutes being taken as indicative of stoping. Yhether
or not considerable ore occurs north of the Germania shaft was not
ascertained. The ore is as irregular in thickness as in plan, the
maximum being 50 feet and the average probably about 15 feet.
The ore body is accompanied by much soft limonitic and clayey
Inaterial, the whole closely resembling the oxidized ore and so-called
“ledge matter” of some of the Bisbee mines. Definite boundaries
are _po_a.bm, but the ore body as a whole rests on Carboniferous
limestone and is overlain by shattered quartzite, which at the Mary
shaft is 115 feet thick. Decomposed porphyry occurs with the
Quartzite above the ore, with the underlying limestone, and to some
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extent mingled with the ore, which in the main, however, is a replace.
ment of the limestone. :

The ore itself is as a rule a soft mass of earthy oxides of iron ap
copper, flecked and streaked with malachite and mingled with clay.
like decomposition products of varied color and constitution. Heye
and there are irregular crevices or cavities lined with crusts of chrys.
ocolla, malachite, and azurite. No sulphides have been found either
in the ore or in the porphyry and limestone immediately under the
ore, and the limestone is not metamorphosed. ’

The ore-bearing solutions evidently gained access to the broken
-ground along the thrust plane and replaced the shattered limestone
by ore. The ore during deposition apparently was not limited in
its downward extent by the zone .of brecciation but replaced irregu-

_larly part of the underlying limestone, especially in the vicinity of

fissures. Whether it was originally deposited as sulphides or was
carried down from some overlying formation through the shattered
quartzite and deposited directly in oxidized condition in the fault
breccia and on top of the limestone is an open question. The view
that the ore was deposited as sulphide and has been completely
oxidized, essentially in place, by water that has percolated down
through the porous quartzite capping is regarded as the more prob-
able.

Northwest of the Mary and Germania mines and north of the
Casey shaft there is a ridge of quartzite that apparently is part of
the overthrust mass. Although it would be unsafe from a recon-
naissance examination to predict the occurrence of ore bodies under
this quartzite, it may be pointed out that there is a bare possibility
of their existence. The exploratory drifts from the April Fool shaft
do not extend far enough west to test this possibility thoroughly.
Whether there are any drifts extending north from the Casey shaft
and exploring the base of the quartzite in this ridge could not be
learned in 1911. The Miami shaft, which is just north of the area
covered by figure 17, was sunk by the Calumet & Arizona Co. through
the small mass of quartzite that is shown about 2,000 feet northwest
of the April Fool shaft, and extensive exploratory work was carried
on in the underlying limestone, but without success,

Of the mines in the Cambrian dolomite and shale (Abrigo forma-
tion?) the Mame alone was open for examination in 1911. The
Mame has reached a depth of 300 feet, but only the 100-foot level
was examined in 1911, as time was short and according to Mr. Mac-
Bride the conditions on the lower levels are substantially the same
as on the first level. .

The general country rock of the Mame, IMumbot, and Leadville
mines is a serics 'of shales and thin-bedded dolomitic limestones cub
irregularly by many dikes and sheets of quartz monzonite porphyry.
The beds have prevailingly steep dips to tho east. The entire belt

!
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of these rocks from Courtland northward shows decided metamor-
.ism. The calcareous beds have been transformed to hard fine-
N..;.:i aggregates consisting largely of garnet, with perhaps other
licates, quartz, calcite, and pyrite. The porphyry has been altered
1 fine-granular aggregates of quartz, sericite, and pyrite. The
pyrite, though widely disseminated through the rocks, is more abun-
dant at some places than at others. The superficial weathering of
this formation is accompanied by further changes. The oxidation
of the pytite, with the production of sulphuric acid and sulphates,
bleaches portions of the rocks and leads to the accumulation of iron
oxides in other portions. In connection with this weathering there
Las been some concentration of oxidized ore near the surface, espe-
cially at the Humbot mine, but such concentration is local and
u:ﬁaﬂmamﬂ.

At the Mame mine the oxidized ore is wholly inconsiderable and
the work in progress during 1911 was directed to the exploration of
the metamorphosed beds and the altered porphyry for bodies of
pyritic ore. These are generally of ~m=$o=_mw. form and lie with their
greater dimensions approximately in the planes of bedding. They
sre said to be most abundant and largest close to the porphyry
intrusions, which in their altered condition are difficult to distin-
guish underground from some of the metamorphosed sedimentary
beds. These ore bodies have no sharp boundaries but are merely
those portions of the formation where the pyrite is more thickly
disseminated than elsewhere or where it has formed in solid masses
by metasomatic replacement of the calcareous strata and probably,
to some extent, of the porphyry also. Not all of the pyritic material
contains enough copper to be classed as ore and numerous assays
are necessary to determine the limits of each ore body. The deposi-
tion of the ore has no obvious relation to fissuring. The pyrite,
together with the small proportion of chalcopyrite that gives the whole
its value as a low-grade copper ore, was apparently formed during
the general metamorphism of the formation by hot mobile solutions
under such pressure that they were capable of moving along bedding
planes and of penetrating the mass of the rock through minute open-
Ings and by molecular replacement. .

) g.: a few places in the Mame mine there has been a little chalco-
“ltic enrichment, but tho greater part of the ore has undergone no
modification since it was first deposited.

In 1911 there had been shipped from the Mame mine about 1,500
tons of ore from development work, but stoping had not been begun.

The dump of the Leadville No. 1 shaft, about half a mile north-
west o.m the Mame, shows considerable low-grade pyritic ore. The
geologic conditions at the two mines are similar and if the Mame
._.i,muovm into a profitable mine this will probably lead to a resump-
tion of worlk a the Leadville.
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The Humbot shaft is situated about 800 feet south of the Mam,
and belongs to the same company. Although the rocks are identicy]
with those of the Mame and although oxidized ore to the value
$100,000 is said to have been mined from open cuts near the shaft,
considerable exploratory work on two levels has failed to show any
sulphide ore bodies of workable size.

No special examination was made of the mines in Carboniferoy,
limestone near Gleeson. The Copper Belle is opened by a 300-foo:
shaft with three levels. The country-rock is gray limestone, whicl,
dips 30°-50° E. and contains a number of intrusive sheets of alterc}
monzonitic or dioritic porphyry. The ore bodies of the Copper
Belle occur along the contacts of this porphyry with two beds or
slablike masses of limestone and have a total length from north to
south of about 500 feet. The ore is mainly granular pyrite with .
little chalcopyrite and scattered bunches of bornite, sphalerite, or
galena. It has been deposited by irregular metasomatic replace-
ment of the limestone, which shows no general metamorphism. The
porphyry also is full of finely disseminated pyrite and carries small
stringers of the same sulphide. The ore is graded into two classe:
and is shipped to the Clifton district, where its high percentage of
sulphur and freedom from gangue make it valuable for smeltin;
with other ores.

TURQUOISE DEPOSITS.

The turquoise occurs in joints and small irregular fractures in &
bed of Cambrian quartzite that dips 65° E. and outcrops along the
west side of Turquoise Hill a few feet above the contact with the
decomposed granitic rock previously referred to. At the opening
examined the bed has been stoped to a width of 4 feet and a depth
of 75 feet or more, the bottom of the shaft being now filled with
water. A short distance north of this opening and near the western
boundary of the urea mapped other workings, perhaps a little more
extensive than those visited, have been opened on the same bed of
quartzite. .

SURVEY PUBLICATIONS ON COPPER.

The following list includes the principal publications on copper by
...« United States Geological Survey or by members of its staff. In
..Liition to the publications cited below, certain of the folios of the
tieologic Atlas of the United States contain discussions of the copper
.. «ources of the districts of which they treat. This list does not
i-.lude publications on Alaska, a list of which is given in Bulletin 520,
+i,« annual report on progress of the Survey’s investigations in
AMuaska for 1911,

The Government publications, except those to which a price is
allixed, can be obtained free by applying to the Director, U. S. Geo-
l..sical Survey, Washington, D. C. The priced publications may be
purchased from the Superintendent of Documents, Government
Printing Office, Washington, D. C. The publications marked
¢ F:xhausted’” are not available for distribution but may be seen
a' the larger libraries of the country.
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5

porphyry in background

5%

Fig. 6—Maid of Sunshine shaft

Fig. 7—FEast-west vertical section through part of Maid of Sunshine and

s

Germania No. 1 claims

Fig. 8—Leadville No. 2 shaft in foreground, Muso shaft at extreme right,
Casey Hill of Carboniferous limestone in left background............

Fig. 9—Looking southeast at Armstrong shaft. Bolsa quartzine in back- o

ground

Fig. 10—Sketch of Armstrong and McLenden workings. Shading indicates &

approximate distribution of high grade ore mined....ocimemmeenee

Fig. 11.—Looking west at Herron Mine. Slope is of weathered, stecply- &

eastward dipping Abrigo limestone

Fig. 12—Turquoise Mine on Avalon claim. Rock face is Bolsa quartzite...

s

esese

Fig. 13.—Mona prospect

Fig. 14—Sulphur dioxide smoke from burning Copper Belle Mine during &

summer of 1924

Fig. 15.—East-west vertical section through Pemberthy shaft of Copper Belle
Mine, after Locke and Wilson, with slight modifications........... R n

Fig. 16.—Pemberthy shaft. Gleeson Ridge in background.......ceeeiciiinienns

Fig. 17.—Sketch of Silver Bill and Mystery workings.
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GEOLOGY AND ORE DEPOSITS OF THE
COURTLAND-GLEESON REGION,
ARIZONA

By ELDrED U.. WiLsoN

SITUATION AND ACCESS

A,.:n O.o:&w:&-o_onmon mining region, otherwise known as the Tur-
quoise district, is situated in the south-central part of Cochise County,
southeastern Arizona, about 15 miles east of Tombstone, 20 miles north
of Bisbee, and 30 miles south of Cochise. It embraces a relatively
small, but prominent, group of ridges and hills that stands out steeply
upon the margin of a rock-cut plain on the west side of Sulphur Spring
e.\u__ow at a distance of about 214 to 3 miles east of the main southern
:.mm.n of the Dragoon Mountains. It is generally considered* as being
distinctly separate from the Pearce district, which is about 8 B:mM
F:rﬁ.. north. Courtland and Gleeson, which lie about 3 miles apart
comprise the centers of activity of the Turquoise district. >nnoa&:m.
wo the 1910 United States Census, the population of Courtland was
714, and that of Gleeson was 600; in 1920, the combined population of
the two towns was about 600; and in the last few years it has continued
to ammnnmma with the decline of mining activity of the region.

m Railroad connections with Douglas are furnished by a branch of the

%o_.msm_. El Paso and Southwestern (now Southern Pacific), and with

:.o_”_mﬁw vﬂ 2 @B:nr o.m .ﬁro Arizona Eastern. Good highways extend

0 e district to Bisbee, Douglas, Tombstone, Cochise, Pearce, and
e general Sulphur Spring Valley region. .

PREVIOUS INVESTIGATIONS

> . - .
e u,mhi _s.,\nmn_.m‘u:.:m have published the results of limited studies of
rquoise district. The most important of these contributions is

that of R i
/mnmoao;, which, although based upon a very brief visit, most

*Hil, J, - .
ey, wc_..qm%..._w.«ﬁm_.:n_w.wwm.:_n»m of the Western United States: U. S. Geol. Sur-

»?:moa_n F. L. T . . .
Sutvey, Byl mwou.vv.:_nwwuﬁmmw_o._vm_Mcgo_.-z:::m District, Arizona: U. S. Geol.
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clearly and accurately outlines the principal features of the mnio.mw ar
ore deposits in the vicinity of Courtland, and includes a geologic m.

v

Fig. 1.—Index map showing area covered by this report.

st i+ e

of that part of the district by W. G. McBride. At an 8.1_2. “_M
Dumble* recorded briefly a few of the more salient geologic fea >
of the general region. Others like Platt} mnwa #umnr”wa.w have éw.wm...,
briefly about the mining activities of the district in 1909 and e
" Darton mapped the Dragoon Mountains for the Arizona Burea

*Dumble, E. T, Notes on the Geology of Southeastern Arizona: Amer:
Inst. of Min, Eng., Trans, Vol. 31, pp. 696-715.  1902. E o Min I
tPlatt, J. M., The Turquoise Mining District, Arizona: FEng. an
* 09. o« 4e- . s Seli”
<M—~wmm_ummwm_.mwwﬂ Od.ozmsm:m in the Gleeson District of Arizona: Mining Sci
Vol. 67, No. 1722, pp. 52-53. 1913.

GEOLOGY OF COURTLAND-GLEESON REGION 9

Mines Geologic Map of Arizona, and has described briefly* the gen-
eral geology of the range. Mienzer and Keltont have described the
geology and water resources of Sulphur Spring Valley, but confined
their geologic investigations mainly to the valley proper.

PURPOSE

Nothing covering the geologic details of the region about Gleeson
has heretofore been published; and, since Ransome’s brief study of
the Courtland vicinity in 1911, many new workings have been opened.
Although at present the larger mines of the district are no longer pro-
ducing, there is still a fair amount of activity being evinced by lessees
and prospectors, and consistent small shipments of ore have been going
forth from the two camps. The purpose of investigating the geology
and ore deposits of the district for the following report was, therefore,
to obtain as much information of interest to mining men, prospectors,
and investors as existing conditions and available time and means per-
mitted.

FIELD WORK

The field work for the following report was done during a part of
the summer of 1924, with the assistance of Mr. W. R. Hoffman, and
during a few brief subsequent visits. Careful study was made of the
accessible underground workings of all the producing mines and active
srospects of the district. In studying surface relations, the areal geology
of the district was mapped in such detail as exposures admitted. An
*nlargement of a portion of the United States Geological Survey Pearce
Quadrangle topographic sheet was used as a base map, to furnish geo-
Zraphic locations and elevations. The geology of the region about
Courtland, which had been mapped by McBride before 1911, was re-
mapped in the light of new information and to fit the better base map.
Certain stratigraphic, structural, and contact relations existing in the
main Dragoon Range were examined to help throw light upon the more
“'mplicated conditions of the Turquoise region.
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“....Em_ﬁwo_.. O. E, and Kelton, F. C., Geology and Water Resources of Sulphur
"% Valley, Arizona: U. S. Geol. Survey, Water Supply Paper 320. 1913
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ing blueprints of the Maid of Sunshine Mine workings; and to Mr. *
W. Bennie, Manager of the Shannon Copper Company at Gleeson, f
the privilege of viewing various records and private reports upon t.
Copper Belle Mine. The writer is indebted to Dr. A. A. Stoyano:
Professor of Paleontology at the University of Arizona, for identific..
tion of the fossils collected, and to Mr. Carl Lausen, Geologist of t}.
Arizona Bureau of Mines, for much valuable advice, particularly up.:
Ea petrography of the igneous rocks.

mHmHOW.& OF MINING

Valuable mineralization of silver, lead, and copper is said to hay
been known to exist in the Turquoise district earlier than 1877, and
is quite probable that the deposits of turquoise had long been know:
to the Indians, who prize the semi-precious gem material as a medicinc.
stone. According to Mr. John Gleeson,* the first location in the dis
trict was made in 1877 by John Collins upon a claim a short distan:
east of the site of the Copper Belle shaft; and, in 1878, some four c:
five claims, including and adjacent to the Tom Scott, were located t;
Josiah Bryant. Other locations were probably made at about th:
same time, but the hostility of Indians and the general remote wildne::
of the country allowed comparatively little work to be done until 188!
The Silver Bill, Gleeson, Tom Scott, and a few other smaller mine:
then for a while actively produced, from near the surface, oxidized or*
that contained high-grade values in silver and lead, with minor amount:
of gold and copper. In 1887 or 1888, according to Mr. Thom:
Cowan,* of Gleeson, the Charleston claim, and probably also most ¢!
the present Tejon claims were located by Kit Charleston; and at abot:
that time several near-by claims were located by Alexander Casey.

An unfortunate amount of bitter misunderstanding and litigatio®
arose in several parts of the district during the early days, and cor
tinued, with great ultimate loss to all concerned, through the mos
prosperous years.

The Silver Bill shaft is said to have been sunk in 1890, after whic
time both it and the T'om Scott produced considerable rich silver-le2’

ore. A depression in silver v:nmm in the early nineties, however, somé

what m.mnos_.mmoa silver-lead mining for several years, although it prot
ably stimulated interest in the copper prospects of the region. A fe*
claims in the vicinity of Courtland, which settlement was then know’
as North Turquoise, had been located in 1890, and in the decade fo*
lowing many others werc added. Among these ecarly claims were par

*Oral communication.

e
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Jf the present Great Western holdings, which were located by Messrs.
wt:Cormack, Hardy, and Warnekross and later purchased by the Young
vcothers. The Turquoise claims, on the west side of Turquoise Ridge,
are said to have been located in the early days by Messrs. Raskum,
Tannenbaum, and George, and for several years occasional shipments
of high-grade turquoise were made from them. In 1896 Mr. John
Gleeson discovered the Copper Belle, or Leonard, deposit upon the
Charleston claim, which he obtained from Kit Charleston; and, as de-
velopment proceeded in the few years following, it became a noteworthy
copper producer. About 1900 the settlement known prior to that time
as Turquoise moved to the southeast, and was thereafter called Gleeson,
after Mr. John Gleeson. The Humbot claim near Courtland began to
vield an important amount of copper ore about the year 1901.

In 1907 a boom started in the Courtland vicinity, due to the interest
and active prospecting of the Calumet and Arizona, Phelps Dodge, and
Great Western companies. To this boom is probably due the building
of the railroads into the district in 1909, when the Arizona Eastern
and the El Paso and Southwestern railroad companies are said to have
raced each other with construction in order to be the first to reach both
Courtland and Gleeson. In previous years mining efforts had been
greatly hampered by the 30 miles of wagon-haul to Cochise, which was
the nearest railroad shipping-point; so the advent of railroad trans-
portation greatly facilitated output and brought the district to its zenith
of copper production in 1912. The history of the district since 1909
is principally that of the individual mines, and will be considered in
connection with them in another part of this report. Broadly speaking,
however, the larger mines have been idle since 1920; but production by
lessees and small operators continued, with the result that the district
attained its maximum lead production in 1923.

PRODUCTION

Probably the first mineral production from the district consisted of
small amounts of turquoise gathered by the Indians. In the late seven-
ties a small quantity of rich silver and silver-lead ore was mined by the
early locators. The value of such ore mined during the eighties was
no doubt considerable, but no record of the amount is available. Ac-
cording to Mr. John Gleeson,* about $30.000 worth was taken from
the Tom Scott tunnel, and several other diggings yiclded rich returns.
Likewise, it is not known how much turquoise was mined from Tur-
.Eczm Ridge; but, according ot Mr. Lynn Shattuck,* of Courtland,

——————

*®
Oral communication.
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it totaled several thousand dollars worth. Mr. Gleeson* states that be.
tween 1896 ahd 1900 about $280,000 worth (gross), principally (:
copper ore, was shipped from the Copper Belle Mine. According ¢;
Mr. W. J. Young, Jr., President of the Great Western Copper Cor.
pany, about $100,000.worth of copper ore was produced from tk;
Humbot claim in 1901.

The “Mineral Resources of the United States”} have recorded tt:

- Turquoise district’s production since 1906. Below are listed the figures

given therein for copper and lead ; but, unfortunately, no data upon th:
amounts of gold and silver are available, because the quantity of those
metals produced from Pearce and Middlemarch was included with tha:
of the Turquoise district. The values listed in the following table hate
been computed from the yearly metal prices quoted by the Minera!
ano:nnam.) ,‘

. COPPER ‘ LEAD
Year :

Pounds - Value Pounds Value
1907 64,982 $ 12,996 Not listed $
1908 69,716 9,203 16 067
1909 1,206,312 156,821 Not listed
1910 4,767,688 605,496 Not listed
1911 3,395,446 424,431 12,391 558
1912 8,282,308 1,366,581 44,213 1,990
1913 6,227,897 965,324 30,032 1,321
1914 1,586,237 210,970 15,015 596
1915 2,048,016 358,403 55,065 2,58
1916 3,251,394 799,843 206,306 14,235
1917 3,526,380 962,838 127,887 10,998
1918 4,365,969 1,078,394 20,725 . 1,471
1919 2,549,373 474,183 18,009 954
1920 1,763,050 324,401 8918 713
1921 36,767 4,743 490 2
1922 i 138,803 -~ 18,743 266,546 14,660
1923 1,139,644 167,528 695,048 48653
1924 1,329,543 174,170 635,643 50,851
Total 45,750,115 $3,115,068 2,136,304 $149,610

CLIMATE AND VEGETATION

The Courtland-Gleeson region, like much of the Southwest, has 2
semi-arid climate with, usually, two very dry and two rather rainy
seasons each year. No official climatological data are available for the
immediate region; but its elevation, which ranges from about 4,600 tc

*Qral communication.

+Published annually by the U. S. Geol. Survey up to and including the yei'
1923, and by the U. S. Bureau of Mines since 1923,
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3 340 feet above sea level, means that the rainfall amounts to from 12
, over 16 inches per year and that occasional light falls of snow occur
» winter. The summers are hot, with temperatures that often reach
sbove 100° F. in the shade, and the daily range in temperature pro-
vided by the cool nights usually amounts to about 40°. Official United
States Weather Bureau figures for Tombstone, which is 15 miles to the
west at an elevation of 4,550 feet, show that the average yearly rainfall
there is about 14 inches, including around 3 inches of snow ; the driest
months are May, June, December, and February, with practically no
rainfall; the wettest months are July and August, with showers often
torrential ; the hottest month is June, with a maximum temperature of
105° ; the coldest months are January and February, with a minimum of
about 16° above zero; and the average temperature for a year is about
63°. In general, the climate of the region is not unfavorable to mining
operations during any season.

Natural vegetation of the immediate region consists chiefly of desert-
type shrubs, trees, and foothill grasses, with the addition, in the higher
elevations, of occasional representative trees of the oak-juniper zone.
Such shrubs and plants as mesquite, cat’s claw, greasewood (creosote),
ocotillo, yucca, sotol, gambulla (desert hackberry), cholla, prickly pear,
sage brush, hymenclea, and salt bush are common upon the hillsides and
dats; and along washes leading down from the mountains, the ash,
hackberry, and wild cherry trees are numerous. Timber for mining
needs is in part brought from the Chiricahua Mountains, which are
about 30 miles east of the district.

PHYSICAL GEOGRAPHY
RELIEF

The Courtland-Gleeson group of hills consists of two major ridges
of north-northwest trend, and some low, scattered foothills that fringe
them on the east. This group stands out steeply on the eastern margin
of a rock-cut plain, or pediment, that slopes eastward from the main
southern Dragoon Mountains for about 21% miles down to the western
edge of the broad, intermont, detrital plain known as Sulphur Spring
Valley. This pediment is for the most part tloored with quartz-mon-
Zonite of medium granitic texture, and, except for shallow, branching
arroyos, is almost unbroken in its regularity. The group of hills repre-
Sents the work of long-continued, normal, sub-arid erosion upon a form-
erly much higher and larger disordered mass that was upheaved by
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washes head in the Dragoon Mountains and have a good-sized draip.
age area, the occasional torrential rains of the wet seasons may for a
few hours fill them with violent torrents. .\t such times, they con-
stitute important crosive agencies: for they move a surprisingly large
amount of sand, gravel, and boulders, only to redeposit the same as
alluvial fans at the edge of Sulphur Spring Valley, where gradients be.
gin to decrease. When a fan so made becomes high enough, the arroyo
may break through the natural levees it built for itself and establish 5
new and easier channel. A fine example of such action is exhibiteqd .
by the wash that comes out from between Turqoise and Gleeson ridges.
Formerly, upon leaving the canyon, this wash flowed southeastward
&: now a shift toward the northeast has caused it to miss its old

n and start a new and neighboring one.
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WATER SUPPLY

The Turquoise district obtains its water-supply from shallow wells
situated in flat or gently-sloping areas of porous rocks, such as the
fractured quartz monzonite about Gleeson, or in gulches and along
arroyo-beds. Water is reached at depths of from about 30 to over 100
feet; but fluctuations in rainfall greatly affect the groundwater level, so
that in wet seasons many of the wells fill to within a few feet of the !
surface.

Courtland and Gleeson have separate water systems, in addition to
many private wells. The general supply for Courtland is pumped from
two dug wells situated about 114 miles northwest of the village, in a
sand wash underlain by decomposed granite, at the northwestern ter-

.‘:»mon of Turquoise Ridge. According to Meinzer,* these wells are ;
2 and 35 feet deep; and in 1910 they together produced, before the ,
rainy season, about 15,000 gallons per day, but, after the summer =8 XMWY 5 AT SaraaE } o 36 B s =
rains, were yielding 3,200 gallons per hour. The general supply for | /) N L e S S ==
Gleeson comes from a well in the quartz monzonite, situated about
~ one-quarter mile west of that village, on the edge of the main sand
wash. This well, according to Mr. Wm. Saundercock,} is approximat-
ey 100 feet deep and usually contains water to within 30 feet of the
surface.

(Ve
1

Contour interval 100 feet
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*Meinzer, O. E,, and Kelton, F. C,, Geology and Water Resources of Sulphur i
Spring Valley, Arizona: U S. Geol. Survey, Water-Supply Paper 320, pp- :
114-115. 1913, : .

$Personal communication.
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" GENERAL GEOLOGY

Rock formations* ranging in age from pre-Cambrian to Quaternary
are represented in the Courtland-Gleeson region. Sedimentary and
metamorphic rocks, igneous intrusives, both major and minor, and
lava flows are all present there. In the following description, the
formations are considered, within their particular classes of sedimen-
tary and igneous, in the order of their relative ages, beginning with
the oldest, or pre-Cambrian. Because faulting and igneous intrusion
have so complicated and obscured many of the relations and features
of the sedimentary rocks within the area, it was not possible to deter-
mine the exact total thickness of each of the formations, or, in many
cases, to write detailed stratigraphic descriptions of them.

SEDIMENTARY ROCKS L
PRE-CAMBRIAN

Pinal Schist: The only pre-Cambrian rock exposed in the region is
a schist that is probably equivalent to the Pinal schist of the Bisbee
region.t Its exposures in the Turquoise district are limited to one
small area near Courtland, where a road to the Leadville and Herron
mines passes through an old railway cut near the eastern foot of Res-
ervoir Hill. Here the schist, which outcrops in a narrow belt about
one-fourth mile long and up to 200 feet wide, underlies Cambrian
Bolsa quartzite with which it has been thrust-faulted over Carbonif-
erous limestone. The planes of schistosity strike N. 50° E., and dip
about 40° NW.

As seen in surface exposures, the formation is mediumly schistose,
and has weathered to a rusty gray color. On fresh fracture, it pre-
sents a gray, silken, and slightly granular appearance, due to abundant
quartz and sericite. :

Viewed in thin section under the microscope the schist from this lo-
cality is shown to consist of an aggregate of quartz, in poorly-rounded
to markedly angular small grains of varying size; magnetite in irreg-
ular grains or small scattered particles; and abundant sericite and kao-
lin. The quartz grains generally show wavy extinction, and the sericite
and kaolin, although scattered throughout the rock, sometimes are in

faintly-parallel bands.
_—

.*For the benefit of the non-technical reader, it may be stated that “forma-
tions” used in this sensc does not refer to forms or shapes, but to definite units
delimited for purposes of mapping and description.

tFor a description of the Pinal schist of the Bisbee region, sce Ransome, F. L.,
U. 8. Geol. Surv. Prof. Paper 21, 1904, or UL S, Geol. Survey Folio 112 (re-
print) 1914,
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An occurrence of several square miles of pre-Cambrian schist nory,
west of South Pass in the Dragoon Mountains, about 5 miles in a
air line west-northwest of Courtland, was mentioned by Dumble
This schist extends unconformably beneath Cambrian Bolsa quartzip,
on the west side of the main mountain ridge. The strike of schistosit,
ranges between NW.-SE. and NE.-SW., with a dip varying somewha;
from vertical. In weathered outcrops and fresh faces, the rock, except
for a more pronounced fissility, is very similar to the schist near Court-
land. This similarity is shown, in a thin section viewed under the
microscope, to hold for composition and texture, except that more
laolin is present and certain beds are much finer-grained ; but there i
a more visible parallel banding within the kaolin and sericite, and a
very marked parallel elongation of the quartz grains, which shows
that this rock has suffered greater deformation than has the schist
near Courtland. A

CAMBRIAN

Bolsa quartsite: In this region, the next formation younger than
Pinal schist is a quartzite that is undoubtedly equivalent to the Upper
Cambrian Bolsa quartzitef of Bisbee. It is a hard, medium to fine-
grained, occasionally pebbly and slightly cross-bedded formation, mas-
sive to distinctly stratified. The rock presents a semi-vitreous, light to
brownish-gray fresh fracture, but weathers generally rusty brown with
local dark streaks and splotches. A thin section of a fine-grained bed
from near the granite contact west of Browns Peak is shown by the
microscope to consist of very fine, irregularly-rounded grains of quartz
mingled with larger subangular quartz grains, frequent medium-sized
splotches of limonite, some sericite, and abundant kaolin in irregular
branching veinlets and masses.

Of all the formations in the region, the Bolsa is the most resistant
to erosion; so its surface exposures are typically bold and rugged. As
may be seen from the geologic map (Plate I), the formation makes
up the crest and most of the eastern side of Turquoise Ridge, where
an irregular thickness of it rests, with steep eastward dip, upon the
surface of intrusions of post-Carboniferous granite and quartz mon-
zonite-porphyry. Here the maximum thickness was estimated to be
about 300 feet. An area of Bolsa that has been thrust-faulted, to-
gether with Abrigo limestone and a small amount of Pinal schist, over

*Dumble, E. T, Notes on the Geology of Southeastern Arizona: Am. Inst
Min. Eng., Transactions, Vol. 3I, p. 713, 1902,

tFor a description of typical Bolsa quartzite, see Ransome, F, L., U. S. Geol
Survey Prof. Paper 21, or U. S. Geol. Survey Folio 112,
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Carboniferous limestone lies south of the Maid of Sunshine Mine and
extends northwest along the crest of a low ridge. H_.:.on. ...HB»= areas
of quartzite, slightly cross-bedded, locally pebbly, and mﬂwﬂxnnm_v\ simi-
ar to Bolsa, occur thrust-faulted over Pennsylvanian limestone east
of Gleeson. ‘

The Arizona Bureau of Mines geologic map of Arizona shows
Bolsa quartzite in the main Dragoon Range, for several miles north-
west of South Pass, resting unconformably upon pre-Cambrian schist,
and underlying the Paleozoic succession. This quartzite is the Dragoon
quartzite of Dumble,* and resembles very closely the Bolsa of the
Courtland-Gleeson region.

The economic importance of the Bolsa of the district has, so far,
been limited to the deposits of turquoise contained therein.

Abrigo limestone: Next younger than the Bolsa quartzite is a dolo-
mitic limestone and shale formation that, although fossil evidence is
lacking, appears to be equivalent to the Abrigo limestone of the Bisbee
and Tombstone regions. It is usually a dense, somewhat dolomitic,
cherty, sandy, and shaly limestone of thin stratification; but occasional
beds are of thicker, rather pure, dark-gray crystalline limestone. On
fresh fracture, the rock is generally dark gray; but weathering often
produces a slightly yellowish-green color, and causes the thin, parallel,
alternating chert bands that are so characteristic of the formation to
stand out in relief,

Metamorphism, near contacts with the quartz monzonite-porphyry
or the granite, has strongly affected the Abrigo and introduced pyrite,
quartz, and various silicates into it. Weathering of such affected por-
tions has produced dull yellow to deep green colors; and oxidation of
the pyrite has liberated sulphuric acid which has further bleached,
stained, and altered the rock. This action has been so intense in some
Places, as for example in the small area west of the Mame shaft and
south of the Leadville property, that the Abrigo can not always be
distinguished from the quartz monzonite-porphyry in the field. Micro-
scopic examination of a thin section of this metamorphosed Abrigo
shows it to be made up of abundant garnet, usually in crystal grains,
some of which have euhedral outline and exhibit zonal structure; con-
siderable granular, colorless, and green epidote; occasional secondary
Quartz, in large and small irregular crystals; occasional calcite, in vein-
lets and poorly-formed crystals; some limonite, in veinlets and irreg-
ular splotches; and a thick sprinkling of sericite. A like examination

of the deep-green metamorphosed Abrigo near the northwestern ex-
—_—
Dumble, E. T, op. cit, p. 713
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tremity of Turquoise Ridge shows it to be similar to that just de.
scribed, except for more epidote, more fine-grained quartz, and little o
no garnet.

Because of the disturbances of faulting and igneous intrusion, p,
measurement of the thickness of the Abrigo in the Courtland vicinity
was made; but there, and in the Dragoon Mountains, it appears to be
considerably less than the 770 feet of the Bisbee* section, and the 7(g
feet of the Tombstone* section. :

As may be seen from the geologic map (Plate I), the Abrigo lime.
stone forms a belt of steeply eastward-dipping strata, intruded by
quartz monzonite-porphyry, along the eastern foot of Turquoise Ridge.
There, by containing the Leadville and Great Western mines, it ha;
been of great local economic importance. The beds of this belt thy
lie between the prominent fault and the Carboniferous to the east are,
however, lacking in typical Abrigo features, and may be younger. An-
other area of Abrigo occurs in the overthrust north of Courtland, and
a small fault-block, intruded by granite, outcrops near the northwestern
extremity of Turquoise Ridge.

Ordovician, Silurian, and Devonian rocks are not known to be repre-
sented in the Courtland-Gleeson region.

CARBONIFEROUS

Mississippian: The next formation in the district, definitely younger
than Abrigo limestone, is Mississippian limestone. It is typically a
medium-bedded, pure, crystalline limestone that weathers dark gray.
Usually, it is of darker color and less pronounced stratification than
the Pennsylvanian limestone; but there are enough exceptions to ren-
der these differences unreliable. The few poorly-preserved fossils
found in the formation were stated by Dr. A. A. Stoyanow,} Professor
of Paleontology at the University of Arizona, to be of Escabrosa
(Mississippian) aspect. Because of the lack of sufficient distinguish-
ing evidence, no attempt was made to separate the formation from
Pennsylvanian upon the geologic map. However, the Mississippian of
the district seemingly is confined to approximately the western three-
fourths of the Carboniferous limestone area in the vicinity of Court-
land. It is separated from the Abrigo limestone by faulting and by
quartz monzonite intrusions. A minor amount of faulting, not clearly

*For a description of the Abrigo limestone of Bisbee, see Ransome, F. L., U. S,
Geol. Survey Prof. Paper 21; or U. S. Geol. Survey Folio 112, For the same of
Tombstone, see Ransome, F. I, U. S. Geol. Survey Prof. Paper 98, pp. 148-149

$Oral communication,
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chibited, has affected the formation itself, and precluded the ju-;
ity of measuring its thickness. Some marbleization and silicifi-4¢:
o ﬂ.rm limestone are apparent near the intrusive massses of quariz
swnzonite ; but with the exception of the area north of Reservoir Hill,
shis metamorphism is usually slight.

The economic importance of the Mississippian limestone near Court-
'and has, so far, been limited to a few small, uncommercial bodies of
complex sulphides.

Pennsylvanian: Resting conformably upon the Mississippian is
Pennsylvanian limestone, which here is probably equivalent to the Naco
iimestone of Bisbee and Tombstone. It is a dense to crystalline lime-
«tone with well-pronounced bedding of from less than 1 foot to 3 or
more feet in thickness. Its color varies from dark, slightly bluish-
gray on fresh fracture to light gray or nearly white on weathered sur-
faces. Much of the limestone is quite pure; but cherty and silicified
members are common, shaly beds are occasional, and, west of Gleeson
Ridge, there are many somewhat sandy beds.

The following fossils, collected from Gleeson Ridge, were identified
by Dr. A. A. Stoyanow: Productus semireticulatus Martin, Spirifer
Rockymontanus Marcou, Composita argentea Shepard, Hustedia mor-
moni Marcou, Rhipidomella pecost Marcou, and Cophophyllum pro-
fundum Me. & H. Another lot, collected east of Gleeson Ridge at
the edge of Sulphur Spring Valley, contained the same forms. These
fossils are typical of the Naco fauna of the Bisbee, and Tombstone
regions. Apparently, all of the Carboniferous limestone mapped in
the vicinity of Gleeson, and approximately the eastern fourth of the
Carboniferous in the vicinity of Courtland, are of Naco age. The Naco
limestone of the Bisbee region was found by Ransome to be at least
3,000 feet thick.* Its thickness in the Turquoise district, however, on
account of faulting, has not been measured.

Near contacts with the igneous intrusive rocks, there is little meta-
morphism, beyond a slight baking and silicification, apparent in the
formation.

The economic importance of the Pennsylvanian limestone of the
district has been great because it contains practically all the ores mined
near Gleeson.

CRETACEOQOUS

Resting unconformably upon the older formations in the northern

bortion of the area mapped, there is a series of sedimentary rocks that
/

*Ransome, F. L., U. S. Geol. Survey, Folio 112, p. 4.
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‘possesses the general lithologic characteristics of the Lower Cretaceoy;

(Comanchean) of other portions of southeastern Arizona. In th.
Courtland region, these rocks consist chiefly of coarse sandstones; con.
glomerates with poorly-rounded to angular pebbles derived from tk:
older formations of the region, and occasional beds of shale, lime.
stone, and quartzite. East of South Pass, two andesitic lava flow;
about 3 feet thick are intercalated a few feet apart within maroon,
sandy, Cretaceous beds. Composition and texture of the formation are,
however, characteristically variable within short distances. The pre.
vailing color ranges from maroon to brown, yellow, or light gray, and
stratification is medium to thin. No igneous rocks, except the granite,
were found to cut the formation, and very little metamorphism is ap.
parent. No ore deposits of economic importance have thus far been
found in the Cretaceous of the district.

QUATERNARY

The youngest formation of the region includes the general outwash
material that has been derived from erosion of higher rock masses
This material consists of variable thicknesses of ill-assorted, uncon-
solidated, poorly stratified gravels, sands, and silts. No fossils were
found in this formation within the area mapped; but, since some of
the material is obviously recent, and some appears to be older, its gen-
eral age is tentatively assigned to the Quaternary.

As may be seen from the gelogic map (Plate I), the formation oc-
curs as irregular patches and tongues occupying local flats or gullies
These masses range in constitution, progressively from their source.
through coarse, bouldery talus fans to fine material, and, along the east-
ern margin of the Courtland-Gleeson group of. hills, coalesce with the
general fill of Sulphur Spring Valley.*

The economic importance of the Quaternary of the Turquoise dis
trict is limited to potential gravel, sand, and water resources, and to the
support of a small number of ranches and dry-farms.

IGNEOUS ROCKS

The igneous rocks of the Turquoise district consist of intrusions of
quartz monzonite, quartz monzonite-porphyry, felsite, &o_.:o-vo%@a._
and granite, and flows of rhyolite. The geologic age of the intrusion®
except in a few cases, can not be determined more closely than post:
Pennsylvanian, :

*For a description of the fill of Sulphur Spring Valley, see U. S. Geol. Surv
Water-Supply Paper 320.
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PRE-LOWER CRETACEOUS

Quarts monsonite: As may be seen from the geologic map (Plate 1),
quartz monzonite is rather prominent areally among the rocks of the
region. It makes up most of the rock-cut plain west of Turquoise
and Gleeson ridges, and, as irregular masses, dikes, and sills, intrudes
the Carboniferous and Cambrian limestones of the district.

On fresh fracture, the rock shows abundant gray plagioclase feld-
spar; some pink orthoclase; semi-clear, vitreous quartz; occasional
crystals of green hornblende; a few fine, honey-yellow crystals of
titanite; and generously interspersed books of rich-brown biotite mica.

Under the microscope the rock is shown to consist of plagioclase,
orthoclase, quartz, hornblende, biotite, and accessory magnetite, titan-
ite, and apatite. The plagioclase, which was determined as andesine,
is in well-formed crystals that show albite and pericline twinning and
occasional zonary banding. Most of the feldspars have been consider-
ably altered to kaolin and sericite. The quartz occurs as clear anhedral
grains marked by trains of clear and dusty inclusions. The hornblende
shows pronounced prismatic cleavage, is dark green in color, weakly
pleochroic, and generally unaltered. The biotite is of dark brown color,
is considerably altered to green chloritic material, and contains fre-
quent inclusions of titanite within bird’s-eye mottlings. The magnetite
occurs as irregular grains, while the titanite, outside of the biotite, is
in well-formed crystals, some of which show diamond-shaped cross-
section. A yellowish-brown substance, probably leucoxene, is develop-
ing by alteration of the titanite. The apatite occurs as occasional well-
formed, slender prisms.

Progressive changes in texture of the rock toward its borders can
be seen in the field, but are better exhibited under the microscope.
Some distance away from contacts with older formations, the texture
is holocrystalline and hypidiomorphic, with a tendency toward equi-
granularity. Nearer borders, however, it becomes progressively por-
phyritic, and shows larger phenocrysts surrounded by a holocrystalline,
equigranular groundmass.

This quartz monzonite does not weather into rugged forms, or leave
residual boulders upon the surface; but it weathers into a dark gray,
even contour that in places is thinly mantled with a coarse, sandy, gray
soil consisting mainly of quartz and feldspar.

The intrusion is earlier in age than the quartz monzonite-porphyry,
granite, felsite, and andesitic dikes that cut it, and also older than the
.ﬁoén_. Cretaceous sediments that in some places overlie, but are not
ntruded, by it.
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This rock is of no economic importance in the district. It has by,
mineralized only to a slight extent in a few places, and there is y,
evidence that it was responsible for the origin of the ores.

PRE-CRETACEOUS (?)

Quartz Monzonite-Porphyry: Quartz monzonite-porphyry occurs as
irregular masses and dikes intruding mainly the Bolsa quartzite, Abrigo
limestone, and quartz monzonite along the eastern side and foot of
Turquoise Ridge. .

On fresh fracture, the rock shows a dense, fine-grained, light-gray
groundmass that is made up partly of fine, sparkling quartz grains and
surrounds occusional larger phenocrysts of quartz and badly altered
feldspar. Abundant sericite and frequent tiny grains of pyrite are
scattered throughout the mass.

* Under the microscope, the rock is shown to consist of a fine-grained,
equigranular groundmass of anhedral quartz, in part secondary, and
altered feldspar; occasional small phenocrysts of anhedral quartz and
highly altered orthoclase and plagioclase; and some accessory magne-
tite. As secondary constituents are frequent veinlets of small, equi-
granular, anhedral quartz crystals, much sericite from the alteration of

- the feldspars, and considerable pyrite in disseminated grains. The

plagioclase .of the thin sections examined was too highly altered for
accurate determination; but the rock has been provisionally classified
by Ransome* as a quartz monzonite-porphyry. v

The intrusion is younger than the quartz monzonite, but older than
the granite, and by indirect evidence is regarded as pre-Cretaceous; for
it appears to be responsible for the primary mineralization of the dis-
trict, none of which was observed affecting the Cretaceous rocks.

This quartz monzonite-porphyry weathers into resistant outcrops of
mild relief. These outcrops, due to bleaching and staining action of
sulphuric acid liberated during oxidation of the pyrite, range in color
from nearly white to yellow or rusty. As already stated in this report,
some of the most altered outcrops of this rock are scarcely distinguish-
able in the field from the most altered Abrigo limestone.

. POST-CARBONIFEROUS

Felsite: Felsite occurs as irregular masses and dikes intruding the
quartz monzonite and Pennsylvanian limestone near Gleeson (see geo-

logic map, Plate T).
*Ransome, F. L., U. S. Geol. Survey Bul. 530, p. 129.
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On fracture, the rock in hand specimens shows a hard, very fine-
grained, almost shiny, brownish-gray groundmass that is flecked with
«mall shiny phenocrysts of quartz. ,

Under the microscope, the rock is shown to consist of a very fine,
equigraniular groundmass of anhedral quartz, in part secondary, and
tadly decomposed feldspar; and a few small, scattering phenocrysts of
quartz. Such feldspars as were originally among the phenocrysts are
now altered to sericite. The rock is everywhere too deeply altered to
permit a closer classification than felsite.

The intrusion is younger than the quartz monzonite. It was not
found in contact with the granite, quartz monzonite-porphyry, or Cre-
taceous rocks ; therefore the upper limit of its age can not be stated.

Economically, the felsite appears to be of no importance in this dis-
trict. :

Basic dikes: Cutting the quartz monzonite and the felsite dikes west
of Gleeson, near the edge of the area mapped, are occasional narrow,
man-mnmmnma. dark-colored dikes. Although the rock is deeply altered,
microscopic examination shows it to contain considerable hornblende
and magnetite, scattered needles of apatite, and lath-like skeletons of
badly altered plagioclase. This composition makes the dikes diorite
porphyry. Their age may be either Cretaceous or Tertiary.

POST-LOWER CRETACEOUS

Granite: Granite, intrusive into the Bolsa quartzite, Abrigo lime-
stone, Carboniferous limestone, quartz monzonite, quartz monzonite-
porphyry, and Lower Cretaceous sediments, outcrops as an irregular
belt and as a few dikes on the west side of Turquoise Ridge.

On fracture, the rock in hand specimen shows abundant quartz min-
gled with sericite, granitic texture of less than medium fineness, and
color from light yellow to nearly white.

Viewed in thin section under the microscope, the rock, althouch
deeply altered, is seen to consist of quartz, orthoclase, and ::Qoa_rwm.
together with apatite and a little zircon as accessories. Much sericite
and considerable kaolin have been formed by alteration, chiefly of the
mo.Ew.vmnm. This sericite often completely surrounds, or fills cracks
within, the quartz phenocrysts.  The apatite occurs as long, slender
needles, and the zircon as occasional short, well-formed ?.mmmz.

) Hra granite of this district is of some economic importance because
1t is related to the turquoise deposits in the manner stated on page 51.
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TERTIARY

Rhyolite flows: Small, isolated remnants of rhyolite flows oceur, ;.
shown on the geologic map (Plate I), southeast and east of Glees;:
southwest of the Copper Belle Mine, and north of Courtland. T;,
greater part of Sugarloaf Hill, which lies southeast of Gleeson, jy.
off the area mapped, is made up of rhyolite flows.

As already mentioned under structure, the rhyolites of the distric:
have been affected by faulting, and the small mass southwest of .
Copper Belle Mine appears to have been involved in the thrusting, 0.
weathering, the rock generally appears brown and dense, but some :
the flows show abundant dark mica flakes. Such portions as came i-
contact with the older rocks during eruption show abundant picked-y;
inclusions of them.

Under the microscope, a thin section of the rhyolite north of Court.
land shows quartz, orthoclase, oligoclase, and biotite, in a glassy
groundmass. The quartz occurs as abundant anhedral phenocryst:
many of which show inlets of the groundmass. The feldspars hav:
been considerably sericitized, and the biotite has been altered.

Thus far, the rhyolites of the district have been of no economic im-
portance.

STRUCTURE
GENERAL STRUCTURE

In the Courtland-Gleeson region the geologic structure has been con-
siderably affected by normal and thrust faulting. Almost nowhere are
the sedimentary strata or the small remnants of lava-flows in their
original flat-lying position, but dips that range from a few degrees to
nearly vertical are the rule. This tilting of the strata appears to be
due almost entirely to faulting rather than folding; for practically
every noticeable dip can be followed to a fault, and only a few minor
unbroken flexures are in evidence.

DISTRIBUTION OF FAULTING

Ubpon the surface, the faulting of the district is more easily detected
and studied in sedimentary than in igneous intrusive rocks; and becaust
of the essential uniformity of character of the larger porphyry areas
it is practically impossible to obtain much light upon the question of
faulting within them, except where mine workings penctrate. Gener-
ally, the major amount of faulting of all the rock formations is in %m

GEOLOGY OF COURTLAND-GLEESON REGION 2;

wicinity of the mines. Thus, as may be seen from the mn&omm.o map
; Plate I), most of the faults of the northern portion of the districts
.-¢ north and west of Courtland, but east of Turquoise Ridge; and of
¢ southern portion they are on the south and southwest sides of

Gleeson Ridge.

SYSTEMS OF FAULTING

Not enough evidence could be gathered to show definitely how many
.ystems or periods of faulting have taken place in the region; but, in
the light of the best data obtainable, there appears to have been possi-
tly three periods of normal faulting, and one of thrust faulting. No
cassification of these periods can be based upon directions of trend;
for there seems to have been a general zone of weakness trending
dlightly north of west and south of east which most of the normal
faults followed in a general way. The following tentative grouping,
however, is proposed: (1) Oldest, or pre-porphyry faults, post-
Pennsylvanian and pre-Cretaceous; (2) block-tilting faults, post-Cre-
taceous and possibly late Tertiary; (3) thrust faulting, probably late
Tertiary; and (4) post-thrust faults, probably late Tertiary.

Pre-porphyry faulting: The oldest period of faulting is assumed to
have provided a large proportion of the passageways for the dikes of
quartz monzonite-porphyry that were intruded, and accompanied by
mineralization, between the close of the Pennsylvanian and the deposi-
tion of the Cretaceous sediments. The rough parallelism of many of
these dikes suggests that they came up along a pre-existing sys<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>