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. ' COPPER DEPOSITS OF THE TYRONE DISTRICT, N-EW MEXICO. 

By SIDNEY PAIGE. ___ , __ 
PART I.-GEOGRAPHY AND GEOLOGY. 

INTRODUCTION. 

Field work.-The Tyrone district was mapped 
geologically by the writer first in 1910, while 
studying the much larger area included in the 
Silver City quadrangle. The· results of this 
work have been published.1 The field work 
on which the present report is based was done 
during the period August 9 to.October 31, 1915. 

Acknowledgments. - Many courtesies ac­
?orded to the writer by those engaged in min­
Ing are here acknowledged with sincere grati­
tude. Every facility was furnished for under­
ground studi~s, and -the mining companies gave 
free access to all their data. The writer is par­
ticularly indebted to Mr. E. M. Sawyer, resident 
manager, Mr. E. F. Pelton, superintendent, 
Mr. Norton Johnson, geologist, and Mr. Earle 
Fraser-Campbell, chief engineer, of the Burro 
Mountain Copper Co. ·. 

Previous wor.k.-In 1905 a general recon­
naissance of . the ore deposits of New Mexico 
~as undertaken by the United States Geolog­
I~al .survey. During this work the Tyrone 
district was examined by Graton.2 He recog­
nized the intrusive· natuL"e of the quartz 
monzonite porphyry, the "secondary" char­
acte~ of the chalcocite ores, and the general 
relatiOns of the ores to the fracturing. 

In 1910 the district was studied by the 
writer during the geologic mapping of the 
Silver City quadrangle. This work, which 
was ~omewhat more detailed, involved the 
mapping of the quartz monzonite contact and 
corroborated Graton's conclusions regarding 
the . nature and position of the ore bodies. 
Physiographic studies 3 were also made at this 

1 Paige, Sidney, Metalliferous ore deposits near the Burro Mountains 
Grant Cotmty, N. Mex.: U. S. Geol. Survey Bull. '470, pp. 131-150; 
1911; U. S. Geol. Survey Geol. Atlas, Silver City folio (No. 199), 1916. 

2 Lindgren, Waldemar, Graton, L. C., and Gordon, c. H., The ore de­
posits of New Me~co: U. S. Geol. Survey Prof. Paper 68, 1910. 

8 Paigo, Sidney, Rock-cut surfaces in the desert ranges: Jour. Geology 
vol. 20, pp. 442-450, 1912. 

time, and the turquoise deposits 4 were de­
scribed. During the summer .of 1913 R. E. 
Somers. studied that portion of the district 
immediately adjacent to the mines of the 
Burro Mountain Coppe~ Co.5 Somers made 
detailed studies of many thin sections and 
polished surfaces and published many excellent 
microphotographs, throwing light on the nature 
of the enrichment. H~s general conclusions 
regarding the nature of the ore . bodies are in 
accord with those of Graton and the writer. 

Private reports· have been written by a 
number of mining engineers, and several of 
them have been read by the writer. Among 
these that of'E. M. Sawyer, resident manager 
of the Burro Mountain Copper Co., states for 
the- first time the generalization that the larger 
ore bodies will probably be found near the 
porphyry-granite contact. 

GEOGRAPHY. 

POSITION OF THE AREA. 

The Tyrone district is in Grant County, in 
southwestern New Mexico, about 40 miles east 
of the Arizona line and 60 miles north of the 
Mexican border. (See fig. 1.) The area shown 
on the topographic and geologic maps that 
accompany this report covers approximately 
30 square miles in Tps. 19 and 20 S., R. 15 W. 
Parallel of latitude 32° 37' 30" passes through 
the appro~imate center of the area, and· 
meridian of longitude 108° 22' 30" passes about 
a mile east of the center. (See Pis. I and II, in 
·pocket.) 

The district lies 10 miles southwest of Silver 
City, a town of 2,662 inhabitants (1920), the 
terminus of a branch of the Atchison, Topeka · 
& Santa Fe Railway and long a supply point 
for neighboring mining districts. The princi-

f Paige, Sidney, The origin of turquoise in the Burro Mountains, 
N.Mex.: Econ. Geology, vol, 7, pp. 382-392, 1912. 
~Am. Inst. Min. Eng. Trans., vol. 52, pp. 604-644, 1915. 

l 



2 COPPER DEPOSITS OF THE TYRONE DISTRICT, NEW MEXICO. 

pal settlement in the . district is the mining 
camp of Tyrone, formerly situated in St. Louis 
Canyon near its junction with the headwaters 
of Mangas River, now near by in Mangas 
Valley, where the Burro Mountain Copper Cq. 
has built a model town. Leopold, a mile 
farther southwest, where once were established 
the offices and mill of the Burro Mountain 
Copper Co., has been abandoned. 

A branch of the El Paso & Southwes.tern 
Railroad connects Tyrone with Deming. 

TOPOGRAPHY AND DRAINAGE. 

The southwestern United States has been 
divided into a number of physiographic 

255 CE3:::E=i:o=====z:Es===:===:ssoC===:::::::E755::==:=3Joo Miles 

the topographic setting of the Tyrone district 
may be more complete. 

The N evada-Sonoran region is described by 
Ransome as follows: 

The whole province is diversified by mountain ranges, 
which, while displaying considerable variety of trend, 
show a marked adherence to meridional lines in the Great 
Basin proper and to northwest-southeast lines in Arizona. 
As Dutton has said, their appearance on a map. suggests 
an. army of caterpillars crawling toward Mexico. These 
ranges are generally narrow and short, although some fairly 
continuous crests attain lengths up to 300 miles. They are 
separated by flat-floored valleys which, despite some 
statements to the contrary, based on the occurrence of 
planated rock surfaces in certain localities, are, as a rule, 
deeply filled with detrital deposits, derived from the 
neighboring ranges. 

It is on the borders of this region 
of parallel ranges and waste-filled 
valleys that the Tyrone district lies. 
It might equally well be said to lie 
. at the north end of the Mexican 
Plateau province, a region of very 
similar topographic and geologic re­
lations. In fact-, Hill has drawn the 
western boundary of the Mexican 
Plateau province. northwestward to 
meet the Colorado Plateaus in central 
Arizona, as shown by the dashed line 
on figure 2-that is; the Mexican 
Plateau region at its north end, at 
least its central portion, merges with 
the Nevada-Sonoran region, as inter­
preted by these two writers. 

FIGURE 1.-Index map of southwestern New' Mexico. Shading indicates areas 
covered by geologic folios as follows: 129, Clifton; 166, El Paso; 199, Silver City; 
207, Deming. 

The short northwestward-trending 
rat":ges, with their intervening waste­
filled valleys, form a characteristic 
feature of that part of the Silver City 
quadrangle in which the Tyrone dis­
trict lies, and the dominant topo­
graphic features of this district are 

provinces, which are delineated. on maps by 
Ransome 6 and Hill.7 These authors are in 
substantial agreement regarding the basis on 
which the subdivisions should be made but 
have drawn certain boundaries (which in their 
nature are indefinite) at somewhat different 
places. The physiographic provinces of inter­
est here will be briefly described in order that 

6 Ransome, F. L., The Tertiary orogeny of the North American Cor­
dillera and its problems: Dapa Commemorative Lectures, New Haven, 

the results of processes directly controlled by 
erosion in a semiarid region of inclosed basins 
and block-faultranges. 

To the north great floods of lava, subse­
quently carved by streams into imposing 
mountain ranges, mask the structural relations 
of this desert fault-block country to the Colo­
rado Plateaus, which represent perhaps a less 
disturbed 'portion of the earth's crust. In the 
words of Hill: 

7 Hill, R. T ., The geographic and geologic features and their relation . . . . 
Conn., 1915. ' • I 
to the mineral products of Mexico·: Am. Inst. Min. Eng. Trans., vol. 32, The Mexi.can Cordiller.an. proVlnce [M. e.x1can Plateau of 
p. 164, 1902. · · Ransome] is * ~ * ~ folci~d and f~l.llted extension of 

.. 



GEOGRAPHY. 3 

the featme known in the United States as the Colorado 
Plateau. * * * The faulting attending the southern 
and eastern portion of the plateau grows in. intensity, 
together with folding, southward into Mexico. 

A view from the summit of the Big ·Burro 
Mountains (8,009· feet high), in the extreme 
southwest corner of the Tyrone district (see 
Pl. I), toward the north, south, or east discloses 
what appears to be a great plain sloping gently 
outward from the foot of the rather precipitous 
mountain side, 800 or 900 feet below. To the 
northeast the plain is interrupted by a· small, 
narrow range, the Little Burro Mountains, a 
fault-block mountain mass that trends north­
west and is about 10 miles long. This treeless 
and semiarid plain, built up of waste from the 

FIGURJ<; 2.-M~p of physiographic provinces of the southwestern 
United States. (After Ransome.) 

neighboring mountains, sweeps far to the east 
and south and is the most impressive feature of 
the region. In the distance may be seen ranges 
rising island-like from its nearly level floor. 
The eye, in following the gentle rise of this plain 
in its ascent _to the Big Burro Mountains, can 
not in many places detect an interruption where 
the gravel terminates and a plain cut in rock, 
which borders the mountams, begins. The 
two merge imperceptibly, and at once there 
arises the suggestion of their contemporaneoqs 
origin. As will be shown below, they are con­
temporaneous; the plain underlain by . rock, 
now more or ·less scored by stream canyons, 
originated during and as a function of the dep· 
osition of the gravel. 

A more careful scrutiny of the country from 
this commanding ,point of view reveals several 
features of significanqe. The position and 
limits of the gravel terrane within the distric~ 
can be made out, sweeping northward from 
the southeast corner of the district and thence­
westward to the northweatern part. It will be 
noted, too, 'that the gravel fills. the Mangas 
Valley, merging far to the northwest with the 
valley of the Gila, and while it terminates 
abruptly on the east against the somewhat pre­
cipitous Little Burro Mountains, it continues 
beyond the mountains far to the east. 'FheJ 
gravel in this valley is intricately dissected by 
erosion, but what remains still graphically 
proves the presence of an ancient gently sloping 
valley floor. 

Within the rock plain mentioned above, 
which nearly surrounds the Big Burro Moun­
tains, may be observed a shallow panlike de­
pression 3 to 4 miles in width, extending north­
eastward fr9m the Big Burros and bordered by 
hills slightly· higher than the average level of 
the country within the depression. It marks 
the position of the unaltered part of an intrusive 
mass of quartz monzonite porphyry which here 
invades the pre-Cambrian granite of the region. 

The topography of the district in its broader 
aspects may be said to be controlled by a few 
salient features. Thus the Little Burro Moun­
tains are, as a whole, a monoclinal fault block 
with precipitous western scarp and gently dip­
ping, partly gravel-covered eastern slope; the 
Big Burro Mountains are erosion remnants 
standing well above the surrounding country; 
the great plain is'for the most part an accumu­
lation of rock waste in an extensive inclosed 
basin, having minor topographic features pro­
duced by erosion and aggradation; and asso­
ciated with this·gravel plain is a plainlike rock 
surface bordering the higher mountains, a 
dissected plain, above the general level of which 
no hills rise but upon which many minor irregu­
larities have been imposed by· erosion, con­
trolled by the varying h~rdness of the rocks and 
structural features to be described later. 

Streams flowing radially from the Big Burro 
Mountains as a center have cut canyons or 
valleys below the level of the hard rock plain. 
This area is therefore one of long, narrow even­
topped ridges, sloping outward from the moun­
tains, and a progressively more intricate drain-

' 



4 COPPER DEPOSITS OF THE TYRONE DISTRICT, NEW MEXICO. 

age system as the mountains are left behind. 
The largest stream ways _are Whitewater. Can­
yon, Big Murray Gulch, Deadman Gulch, and 
Cherry Creek, all of which head well up toward 
the foot of the Big Burros. The first thre.e 
streams just before, passing on to the gravel-

. covered area flow through well-developed, steep­
sided canyons. '£his feature will be discussed 
below, under the heading "Physiography." 
During the summer a small amountofwatermay 
usually be found in all the streamways men­
tioned, particularly in their canyon portions· 
On reaching the gravel, however, this meager 
supply sinks beneath the surface. 

The Continental Divide passes diagonally 
through the .area from the southwest to the 
northeast corner. Mangas River (or V ~Hey) 
receives all the westward-flowing drainage and 
carries· it to Gila River, about 25 miles to the 
northwest. Eastward-flowing drainage sinks 
beneath the surface in the gravel-filled basin 
into which Mimbres River discharges its flood 
water, about Deming, N. Mex. 

WATER SUPPLY. 

Water for domestic purposes at the new 
town of Tyrone is obtained by pumping 
through prospect drill holes in the Quaternary 
gravel, in which there is an ab1,nidant supply. 
Water for the town of Leopold was obtained 
by pumping from Deadman Gulch. 

Water for the concentrator, about 3 miles 
east of the mines, is pumped from the No. 2 
Chemung shaft. This supply is augmented by 
recovery from the tail~gs. Ranches of the 
district obtain water from wells, and there is a 
little water in the upper courses of. the streams 
radiating from the Big Burro Mountains.· 

GEOLOGY. 

GEOLOGY OF THE SURROUND~G REGIOI-J. 

GENERAL GEOLOGY. 

graphic and structural features of the Silver 
City quadrangle,8 in which the Tyrone district 
lies. 

The rocks of the Silver City quadrangle are 
in part of sedimentary origin and in part of 
igneous origin and range ·in age from _pre-
· cambrian to Recent. The sedimentary rocks 
fall into two general groups-one consisting of 
hard strata, of Paleozoic and Mesozoic age, 
and the other of unconsolidated or partly 
consolidated gravel and sand, of Cenozoic age, 
forming extensive bolsons, or desert plains. 
The hard strata consist of quartzite, sa,nd­
stone, shale, and limestone and colll;prise 
formations representing all the Paleozoic· sys- · 
terns, though each is represented sparingly. 
No Triassic or Jurassic strata are known, but 
the Cretaceous system is represented by two 
formations, one certainly and the other possibly 
of Upper Cretaceous age. The unconsolida:ted 
deposits that form the bolsons are ·chiefly of 
Quaternary age, but sand and gravel are inter':" 
bedded with the Tertiary lava· flows. 

The general character, thickness, and order 
of succession of the stratified rocks are shown 
in figure 3. 

The igneous rocks likewise fall into two 
general groups-one consisting of granite and 
associated rocks of pre-Cambrian age, and the 
other of a great series of intrusive and effusive 
rocks of Cretaceous ( ~), Tertiary, and Quater­
nary age. The intrusive rocks occur in stocks, 
dikes, and laccolith-like bodies and comprise 
granodiorite, quartz monzonite, quartz diorite 
porphyry, andesite porphyry, rhyolite, quartz 
latite, and similar rocks. The effusive rocks 
form an extensive series of flows and flow 
breccias and comprise rhyolite, latite, andesite, 
and basalt. Interbedded with them are tuff 
and detrital sand and gravel. These rocks, all 
younger than the Colorado shale, may be 
classified in order of age as follows: 

1. A great comple~ of dikes of generally 
A study of the Tyrone district alone, as a dark-colored porphyritic rock of diori tic and 

discrete unit, could. not lead to a compre- andesitic facies, with which are associated vol­
hensive account of the geologic history of the canic breccias and lavas of similar type. 
district, for the rocks within it are all igneous 2. Laccoliths and stocks of quartz diorite 
intrusives and fail to· reveal many. important porphyry. 
facts which become evident on a study of the 3. Masses of· granitic, monzonitic, and dio­
surrou~ding . region. Therefore, before the ritic rocks with asso.ciated porphyritic facies 
geology of the district is described,· a summary 

'll b .t d tt' f th th · t . 8 Paige, Sidney, U.S. Geot. Survey G~ot, Atlas1 Silver City folio (No. 
WI. e presen e 1 se 1n~ or .. -~ m,am s rat1- , 199)~ 191~: · . . -

•• 



)I~ 

• 

System. Formation and group. 

Lava flows and interbedded sediments. 

_____ unconformity-------------

Andesitic breccia. 

----_unconformity-------------

Colorado shale. 

Beartooth quartzite. 
_____ Unconformity--------------

~ 
~ 

~ 
Fierro limestone . 

GEOLOGY. 

Section. 

0

. IIIII! ~ -~ Percha shale. r'. · 
A~ 

~_unconformitY-------------

·§~·~-~ Fusselman and Montoya limestones. 

~ ~'0 c:,) _unconformity?-----------­

l:i 

:~ 
0 

'E 
0 

El Paso limestone. 

--,-.-_unconformity?---,------~---

~.~ Bliss sandstone. 
_£.:£.___unconformity 

Granite, syenite, and allied porphyries. 

2,000+ 

Character of rocks. 

Rhyolitet latite, andesite, and basalt, with in· 
terbedaed partly consolidated gravel, sand, 
and tuff. 

-------~----------------------------~--1 

(?) 

2,000± 

800± 

300-500 

33,0± 

Andesitic breccia intruded by diorite and dio­
rite porphyry. 

Chiefly shale, in places calcareous and sandy, 
with numerous thin sandstone lenses. 

Quartzite with thin beds of sMle locally. 

Gray, blue, and black limestone with many 
cherty layers. 

Green to black shale. 

Gray and pink limestone with prominent cherty 
layers near ba~e. 

900± . Gray limestone with many cherty layers. 

~ Quartzose sandstone and glauconitic sandstone, 
180± calcareous near the top .. 

Granite, syenite, and allied porphyries. 

FJGVnE a.-Generalized columnar sectlon of the se<Umentary rocks exposed in the Silver City quadrangle. Scale, 1 inch=l,OOO feet. 
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and accompanying dikes. Group~ 1, 2, and 31 The principal structural features in the area are 
are of probably late Cretaceous age. shown in figure 4. · 

4. Great flows of basaltic, andesitic, rhyo- The folding is decidedly open and is prob-
litic, and latitic lavas, with which are inter- ably due in part to the forces that produced 
bedded tuffs, breccias, sand, and gravel, in all the faulting and in part to. earlier igneous 
aggregating several thousand feet in thickness. intrusion. 

5. Stocklike masses of fine-grained rhyolite All the faults observed are of the normal 
and quartz latite porphyry, breaking through type and express an extension or stretching of 

·-·: ........ ., 

o~, 
-y "(. \" 

.....,.,-- ~ 

fCOPPrR \ ~ 
fLAT _.IE-

~ OOMrj. ~-

>.' T /' #- C 
/ Sm,~lhc. ~ 

/ 

' 4- :1 Miles 

FIGURE 4.-Map of the principal faults and folds in the northern part of the Silver City quadrangle. D, downthrown side; U, upper side. 

all the older rocks and through the lava flows 
just mentioned. Groups 4 and 5 are of Ter­
tiary age. 

6. Intrusive basaltic masses and basaltic 
lava flows interbedded with the Quaternary 
gravel. 

Folding, faulting, extrusion, and intrusion 
have played important parts in the develop­
ment of the geologic structure of this region. 

the strata. The strong northwesterly faults 
are probably parallel to and closely connected 
with broad axes of folding, for, broadly viewed, 
the fractures may be placed in two distinct 
systems, one trending northwestward and the 
other trending northeastward. The Silver City 
Range, for example, and its southeastern struc­
tural analogue, Lone Mountain, where not 
faulted along their eastern fronts, are sharply 
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flexed, some beds standing at angles of 70° or the dip of the fault planes and the throw of the 
more. West of these mountains, too, as is cross fault. A short dista~ce to the north of 
partly visible at I'reasure Mountain and in the the point where the road crosses the main fault 
hills north of it, are strong faults nearly paral- there is a vertical contact of fine gravel against 
lei to the fault on the eastern front. broken rocks of the andesite complex', separated 

The west flank of the Little Burro Moun- .. by about 3 feet of fault gouge. The gravel at 
tains is also marked by a fault which is parallel the contact is not composed of material of the 
to the monoclinal axis of the range. At George- complex but of light-colored granite. Still 
town a strong northwesterly fault is parallel to another fact that may be cited is the difference 
the broad monocline that dips. to the southwest. in the character of the gravel contact on the 

In striking contrast to these widely separated two sides of the range. On the east it is much 
dislocations are the closely spaced and on the higher than on the west, and the gravel lies 
whole much shorter transverse northeasterly upon an irregular surface of rhyolite with a 
fractures. These are well exposed in the Silver crooked contact and shows very coarse mate­
City Range. It is evident that almost every rial at the· base, the conditions presenting a 
cross fault is downthrown on the north side marked contrast to those on the west side. 
(or uplifted on the south side). Such a system Similar evidence of post-Pleistocene faulting 
of faults involves a marked extension or may be seen at several other localities north 
lengthening of the entire block. _ of Treasure Mountain and east of Georgetown. 

Several faults indicate rather certainly move- The age of movement along a plane or sur-
ments later than the period 'of Pleistocene de- face of weakness is difficult to determine, for 
position, though the recent movement on each where a break has once been formed by move­
of these fnults was perhaps only a continuation ment a continuation of the movement is likely 
of a much earlier disturbance. Such a fault to take place, perhaps at intervals, through 
is the one which separates the Pleistocene de- a long period of time. It is therefore impos- · 
posits from pre-Cambrian rocks at the western sible to determine definitely when faulting 
base of the Little Burro Mountains. Near the first began in this area. It is evident that 
north end of this fault, a short distance south faulting has taken place since the deposition 
of Wind Canyon, the gravel beds abut against of the Pleistocene gravel and that some faults 
the rhyolite which with the overlying andesite break the Tertiary lava flows without appar­
forms much of these hills. (See Pl. III, B.) ently affecting the Pleistocene gravel; but 
It does not seem possible that this attitude of though no fault was found that cuts Cre­
the beds could he brought about by any other taceous rocks and does not cut Tertiary lavas, 
means than a fault. When this fault is traced yet faulting might have begun before the 
southward to Redrock Canyon the abruptness lavas were deposited and continued along the 
of the contact of the gravel beds with granite same planes. after their deposition. The ab-
is strikingly a.pparent. At the canyon, though sence of any direct evidence pointing .to this 
the evidence that faulting has taken place is conclusion, however, permits the tentative 
not perfectly clear, there are certain conditions assumption that faulting began after the 
which are rather opposed to a normal over- lavas had been poured· out and continued at 
lapping contact, the most significant of which intervals along certain breaks after the deposi-· 
is the fineness of the sediments that abut ver- tion of Pleistocene gravel. 
tically against the granite. Although there is 
some granitic materia.! in the gravel, the 

GEOLOGIC HISTORY. 

amount seems insufficient to establish a purely PRE-CAMBRIAN ERA. 

local origin for the pebbles. Furthermore, at The ages that prec_eded Cambrian deposi-
a point about a mile north-northeast of Tyrone tion doubtless comprised many periods of 
a cross fault offsets the straight fissure of the sedimentation, erosion, and disturbance, cov­
main fault. Both north and south from the ering in all a longer time than that repre-

. cross fault the gravel contact for half a mile sented by all 'succeeding geologic history. 
along the main fault is straight, but at the Only the merest fragments of this history can 
cross fault the contact is sharply offset for J be read in this area. The pre-Cambrian rocks 
about 300 feet in a direction accordant with are largely granites, in which.are enmeshed the 

1-
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almos.t indistinguishable traces of sedimentary 1 great uplift. The quartz sands found in this 
deposits. A Jew small areas of quartzite part of the Cambrian system may have been , 
and schist point to the existence of ancient carried there by currents that swept across 
seas. The metamorphosed and fragmentary wide areas of shallow seas or may in part have 
character of these s~dimentary rocks shows been blown from neighboring beaches by 
that their history has been varied. violent winds, for limestone deposits may be 

There is abundant reason to believe that old formed close to the seashore provided great 
mountain ranges existed in this region and quantities of debris are not being contributed 
that the forces of erosion in the past, ev~n as to the sea. 
to-day, carried on their work of denudation. The record of Silurian time with its fossil-

. . ' 
The character of the surface upon which the iferous and chert-bearing beds, shows that the· 
earliest Cambrian strata rest serves to corrob- conditions then were similar to those of the 
orate what has been observed at many other preceding period, but the abrupt change from 
localities, namely, that a prolonged period of Silurian limestone to Devonian shale suggests 
erosion and planation preceded· the subsi- a fundamental difference in conditions of sedi­
dence of the pre-Cambrian land beneath the mentation. Though the bedding of the Silu­
sea to form a floor of moderate relief on which ;rian limestone and the Devonian shale .seems 
the Cambrian sands were deposited. to be concordant, there is reason to believe 

PALEOZOic ERA. that the beginning of Devonian deposition w~s 
The nature of the basal Cambrian strata, preceded by marked erosion in this south­

which are composed of quartzose, calcareous, western area. At Bisbee, for exa1nple, as 
and glauconitic material, shows that at the stated by Ransome, 9 Devonian beds rest upon 
time of their deposition the sea was gradually Cambrian limestone; at Clifton, as shown by 
transgressing upon a land surface of moderate Lindgren/0 Devonian beds overlie Ordovician 
relief. It is probable that as the sea advanced beds; and in the Silver City region.Devonian 
wave action reduced still further a rather low beds rest upon Silurian beds. These facts and 
relief, and that the remarkably flat contact the sudden change in sedimentation marked by, 
between the Cambrian sediments and the pre- the deposition of Devonian shale on Silurian 
Cambrian basement is in part a result of this limestone point to decided irregularities in the 
action. Paleozoic sequence in this southwestern prov-

The subsidence whose beginning is marked mce, probably indicating a period of uplift and 
by these Cambrian beds endur~d for a long eroswn. · 
period. As the seas gradually grew deeper or The gradual change from shale to limestone 
as the shore line slowly transgressed land- observed at the top of the Devonian Percha 
ward, calcareous sediments gradually became shale indicates an uninterrupted period of 
more prevalent, and finally they formed the deposition between Devonian and Carbonifer­
only record of deposition. Though these seas ous time and a decided clearing of the seas. 
were not deep they were probably extensive. The faunal changes are likewise noteworthy. 
Whether the interval of time indicated by the The muddy waters in which the upper part of 
differences between the fauna of the Bliss the Percha shale was laid down seemed espe­
sandstone and that of the El Paso limestone cially adapted to Devonian forms, but when 
includes a period 'when Cambrian beds were the waters became ·clearer they no longer 
raised above sea level and subjected to erosion afforded a suitable habitat for the Devonian 
can not yet be determined. Apparently there fauna, which therefore disappeared and was 
was a rather abrupt tran1;3ition from the sandy succeeded by Carboniferous forms. No strati­
limestone layers of the older formation to the graphic break has been detected between the 
more calcareous beds of the younger formation, Mississippian and Pennsylvanian beds, though 
but· if there is an unconformity between the differences in the fossils of these series suggest 
two formations it has not been detected. The such a break. 
incursion of sandy material in the upper part --__,...-~,.--, --------------­
of the El Paso limestone marks the unsettling s Ransome, F. L., u.s. Geol. Survey Geol. Atlas, Bisbee folio (No. 

. 112), p. 12, 1904. 
Of a delicate balance of depth rather than any to Lindgren, Waldemar, lf. S. Geol. Survey ~rof. Paper 43, p. 59, 1905. 

-r 
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MESOZOIC AND CENOZOIC ERAS. of the strata and COncomit.ant filling of the 
.After the quiet of the Paleozoic seas came fissures with igneous material. The great pre­

the gradual' emergence of a Mesozoic continent. ponderance of this complex in the Cretaceous 
No evidence is at hand to prove that the uplift rocks suggests that a center of volcanic ac­
was accompani~d by notable structural dis- tivity existed somewhere near or north of 
turbance. No certain pre-Cretaceous faults Pinos Altos, though there may·have been sub­
are recognized, nor has any folding been ob- sidiary centers near the Little Burro Moun­
served that might not be assigned to later tains. 
periods. It must be inferred, therefore, that The next period was notably different from 
although the emergence was widespread, it took the long period of sedimentation above de­
place in this area without other deformation scribed. No evidence that the land· was ever 
than gentle warping and tilting. That the again beneath the sea has been found, but there 
tilting may have been appreciable is shown by is conclusive evidence that no less than five 
certain relations between the basttl Cretaceous stages of intrusion succeeded the one already 
beds and the underlying Paleozoic rock. For described and that they were associated with 
example, the Beartooth quartzite shows a re- notable structural dislocations. 
markfl.bly clean-cut flat surface at its ·base, The product of the first of these intrusions 
especially on the summit of the Little Burro was rock of the quartz diorite porphyry type, 
Mountains, suggesting a decided leveling of which is well developed around Fort Bayard 
the underlying floor. Now, as the basal Ore- and extends southward and eastward from 
taceous beds were deposited on Pennsylvanian, that point. This intrusive takes the form of a 
Mississippian, Devonian,· Silurian, and pre- sheet at ,some places-for· example, at .Fort 
Cambrian rocks, it may be inferred that these Bayard, where it lies above the Cretaceous 
oltl rock beds were tilted during their uplift sediments and dips westward with them. 
and their edges eroded nearly to base-level. Farther west it dips beneath the Colorado 

The absence of Triass~c or Jurassic strata shale. Moreover, it follows regularly the nose 
beneath the Cretaeeous.sediments points either of the domelike uplift of which Copper Flat 
to the existence of a continent during Triassic is the center. I~ is rather hazardous to corre­
and Jurassic time or to an even longer period late intrusive masses by lithologic features 
of denudation than has just been inferred. alone, but it is believed that the intrusives 

The accumulation of Cretaceous sandstone, west of the Kneeling ,Nun, at Hermosa Peak, 
shale, and calcareous shale to a thickness of and near Lone Mountain are of the same date 
probably several thousand feet followed the as the laccolith just described. 
subsidence of this eroded land surface. The Next in order of intrusion are such masses 
quiet·sedimentation, however, may have been as the granodiorite between Hanover and 
interrupted by subaqueous outbursts of andes- Fierro, the masses at Copper Flat, Santa Rita, 
itic and allied volcanic material. The breccias Pinos Altos, Gomez Peak, and Silver City, and 
of the andesite-diorite complex have here and the quartz monzonite mass of the Big Burro 
there the appearance of sills, being both under- Mountains. That the mass between Fierro and 
lain and overlain by shale; but as the pyro- Hanover and the mass at Santa Rita are later 
clastic nature of the breccia precludes an than· the Fort Bayard intrusive mass is sug­
intrusive origin, it is suggested that near the gested by the presence in the Fort ·Bayard 
end of Cretaceous sedimentation, or after it laccolith of dikes very similar in composition 
had ceased, volcanoes added their quota of ·and general aspect to the Fierro mass. The 
material to the marine Cretaceous accumula- intrusion of these later crystalline porphyries is 
tions.. The apparent sill-like relation observed of structural importance in that their entrance 
may, however, be due to faulting.· through the overlying rocks domes up the 

There is abundant evidence of intense igne- otherwise undisturbed beds. The masses at 
ous activity from this time on. Thousands of Copper Flat, Hanover, and Gomez Peak, for 
dikes cut both the Cretaceous shale and the example, clearly illustrate such action. When 
breccias, indicating that the outbursts which these bodies of igneous rock, whose great sur­
furnished the pyroclastic accumulations were I face exposure probably only indicates a still 
followed by continued long..:extended fracturing greater subsurface extent, had cooled, there 
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ensued a period of active erosion, which is 
clearly indicated by the fact that such masses 
as the granodiorite of Pinos Altos, which must 
have cooled under considerable cover, probably 
1,000 feet or more, were exposed at the surface 
before the outpouring of the broad floods of 
lava that overlap them on the north. At 
Pinos Altos, for example, the granodiorite 
passes beneath the lava cover, and the surface 
outcrop at the veins which cut the granodiorite 
is abruptly terin.inated by the overlying 
glassy rhyolite. 

Little imagination is required to picture the 
conditions that must have existed at the be­
ginning of this epoch of volcanic activity, which 
closed the Cretaceous period. There is evi­
dence that violent explosions preceded the 
welling out of the vast floods of lava and that 
torrential rains distributed the material of the 
breccias and tuffs over the uneven surface of 
the land. Here and there lakes were formed, 
into which fell the dust and the coarser eject­
am~nta from the active volcanic vents. Such 
coarse and fine accumulations are well exhibited 
in the region north of Lookout Peak, and the 
finer sediments and gravels at the base of the. 
lava series may be seen at. many places, notably 
east of Lone Mountain and north of it along the 
scarp that forms the edge ot ,the lava floods 
in that region. 

Then f.ollowed, in Tertiary time, the erup­
tion of great sheets· of rhyolite or latitic lava, 
covering hills and valleys alike and obliterating 
the older landscape, which the earlier explosive 
accumulations had modified. 

After these outbursts of rhyolite-latite, which 
in places aggregated 800 feet in thickness, 
there were floods of andesitic or basaltic lava, 
which in time were followed by more siliceous 
lavas. Indeed, an alternation of the two 
kinds is a marked feature of these accumula­
tions. Between the outbursts of lava there 
accumulated local deposits of fine sand and 
tuff, the detritus washed from the more ele­
vated portion of. the deposits to the basin-like 

. areas which must have heen formed in such a .. . 
chaos of molten flowing material. These 
sediments attain considerable thickness in 
places but are generally thin at the edges and 
disappear, permitting the overlapping of suc­
cessive lava floods. Such thinning out of 
interbedded clastic material is well shown in 
the range east of Lone Mountain and in the 
area farther north, adjacent to Black Peak. 

As if in adjustment of the enormous dis­
turbance of equilibrium that must have been 
caused by the flooding of this broad territory 
with lava and of the shifting of so large a 
mass of material from beneath the surface at 
one locality to the surface of the crust at an­
other locality, faulting was renewed and has 
continued, probably with interruptions, up 
to the present time~ This faulting was at­
tended by the intrusion of many sto.cklike 
masses of latitic material that cut through all 
the underlying strata alike from the pre­
Cambrian complex to the latest lavas. During 
this stage of faulting the present higher parts 
of the Silver City Range and Lone Mountain 
were probably qutlined, and Bear Mountain 
was formed by the intrusion of the sto.cklike 
mass that constitutes its core. Then, -too, the 
Little Burro Mountains assumed or began to 
assume their monoclinal attitude, and the 
region around Santa Rita was broken by faults. • 
At this period also the lavas farther north were 
sliced into numerous narrow curving fault· 
blocks, and the region north of Stewart Peak 
was faulted and intruded. 

The remaining changes that have affected 
the area are due principally to erosion and 
concomitant deposition and to sporadic <;mt­
bursts of basaltic lavas. Widespread deposits 
of Pleistocene gravel accumulated in the 
already maturely dissected valleys, and on this 
gravel thin basaltic lava flows were spread, to 
be later covered by still more gravel. 

.GEOLOGY OF THE TYRONE DISTRICT. 

ROCKS. 

All the hard rocks exposed in the Tyrone 
district are igneous intrusives. Semiconsoli­
dated gra~els cover several square miles, but 
drilling through these superficial deposits 
has revealed no ancient sedimentary terranes. 

The igneous types recognized in mapping are 
granite, quartz monzonite and quartz mon­
zonite porphyry, quartz latite porphyry, 
aplitic dikes, and rhyolite dikes. The dis­
tribution, petrography, and structural inter­
relations of these types will be described in 
turn, aft~r which the structure, metamor­
phism, and physiography of the region will 
be discussed. 

GRANITE. 

·' 
Distribution.-Granite occurs in the south­

east corner of the district over an area of 

• 

• 
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about 5 square miles; in the southwest corner., I 
forming the higher portion of the Big Burro 
Mountains; and along the northern border, 
in a strip about 1! miles wide. It also forms 
a number of isolated masses near the center 
of the area and near the eastern gravel contact 
in sees. 26 and 27, T. 19 S., R. 15 W., where 
it is surrounded by quartz monzonite porphyry. 

Petrography.-The granite of the Tyrone 
district is not a single homogeneous mass 
but includes a number .of varieties exhibiting 
differences in texture and slight differences in 
mineralogy. 

For the most part the granites are medium 
to coarse grained holocrystalline rocks ranging 
in color through gray and pink. They are 
composed. dominantly of quartz and ortho­
clase feldspar, with some oligoclase feldspar. 
Biotite mica, though not generally a con­
spicuous mineral, is present in many places. 
The common accessory minerals, iron oxide, 
apatite, and zircon,· may be noted. 

A coarse-grained variety near. Sugarloaf 
Mountain is gray and contains prominent 
pink feldspars. Abundant biotite is plainly 
visible. 

The Big Burro Mountains are composed of a 
medium-grained gray granite consisting of 
orthoclase, quartz, and a little oligoclase, with 
biotite. A semblance of-porphyritic structure 
is caused by scattered orthoclase feldspars 
larger than the average crystals of the rock. 

In Deadman Gulch below the road crossing, 
west of Leopold, there are a number of varie­
ties of medium ·to coarse · gramed granite, 
among them one containing prominent pink 
orthoclase feldspars set in a matrix of gray 
feldspar and quartz. The scarcity of ferro­
magnesian minerals is· striking. 

In the southeast corner of the district' there 
are wide areas underlain by pink . medium­
grained granite that is generally lacking in 
ferromagnesian minerals, but this lack is 
due partly to alteration . 

As a whole the granites are characterized 
more by their variation from place to place 
than by uniformity of appearance. Undoubt­
edly a number of distinct invasions have taken 
place in pre-Cambrian time. No attempt was 
made to unravel the complexities of these. 
intrusions. 

QUARTZ MONZONITE .AND QUARTZ MONZONITE 
PORPHYRY. 

PRINCIPAL MASS. 

Quartz monzonite and quartz monzonite 
porphyry form the largest single rock unit of 
the Tyrone district. This unit is a roughly 
circular intrusive stock cutting pre-Cambrian· 
granite. A small portion of its contact lies 
beyond the area shown on the map: Quartz 
monzonite porphyry also occurs in dikes, many 
of which are too small to be mapped. 

Di.stribution.-The main mass occupies a cen­
tral position in the area, where it covers about 
15 square miles, or about half the total area. 
Its contacts with the invaded pre-Cambrian 
granite are for the most part easy to locate and 
follow. There are places; however, where the 
distinction between the two rocks is not so 
plain., Several conditions account for this ob­
scurity. First, within the pre-Cambrian gran­
ite complex are rocks of granitic types that 
closely resemble the quartz monzonite, par­
ticularly where the two rocks are weathered 
and have undergone partial disintegration. At 
such places, though the contact may not be 
precisely located, by studying the contact re­
gion it can be shown that unmistakable granite 
is close at hand, because the granitic terranes 
as a whole are not homogeneous, whereas 
quartz monzonite and its porphyritic phases on' 
the whole are homogeneous to a high degree 
This is a good criterion on which to distinguish 
the two groups in th~ field. 

Arwther source of difficulty is occasioned by 
the presence of small outliers of pre-Cambrian 
granite within the main monzonite mass­
small slivers and blocks broken off at the con­
tacts. This feature, however, is a minor one 
in tlie Tyrone district. 

A third difficulty arises in the fact that irregu­
lar aplitic dikes are present in some places both 
in the granite and in the quartz monzonite 
porphyry, and where this condition exists along' 
a contact precise boundaries are not readily 
established. 

The main north contact runs.eastward from 
the western border of the district to a point 
about a mile south of Tyrone. This contact, 
from the western edge of the district to St. 
Louis Canyon, passes along the southern slope 
of a number of hills-that is, the porphyry is 
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eroded to a lower level than the invaded gran­
ite. From St. Louis Canyon eastward, how­
ever, there is no such difference in degree of 
erosion. In this area both rocks are silicified 
and mineralized. These features will be dis­
cussed under the heading ''Physiography" 
(pp. 19-22). 

The contact passes beyond the area mapped 
on the western border and enters it again to 
skirt the base of the Big Burro Mountains. It 
also passes from and reenters the area on the 
southern border. The boundary on the east 
side of. the Big Burro Mountains is in places 
buried beneath granitic debris, swept over the 
contact. . 

It is possible that inclusions of granite smaller 
than those mapped may be present· and have 
been overlooked, as the rock in much of this 
territory is highly metamorphosed:· The oc­
currence of such blocks is, however, of no 
economic importan~e, as will be shown below. 

Petr.ography.-The main mass of quartz mon­
zonite porphyry contains a number of textural 
varieties. These are (1) rocks of granular tex­
ture and properly not porphyries, (2) porphy­
ries characterized by large orthoclase pheno­
crysts (as much as 3 inches in length) and 
prominent quartz phenocrysts, in many places 
doubly terminated by pyramid faces; and (3) 
porphyries in which the orthoclase phenocrysts 
are-intermediate in size or are no larger than the 
other feldspar phenocrysts of the rock. 

Field studies indicate that the change from 
type 2 to type 3 takes place on ~he north rather 
abruptly along a roughly east-west line (see Pl. 
II, in pocket), but that on the south the two 
types are transitional into each other. Along 
the northern line no intrusive contact was seen, 
and it is concluded that the change is due to 
physical and chemical factors governing crys­
talliza tio:ri. 

The granular type of quartz monzonite is a 
medium-grained rock of gray color containing 
abundant biotite. It is composed predomi­
nantly of oligoclase feldspar and quartz, with a 
minor amount of orthoclase feldspar. In places 
it contains considerable light-green hornblende. 
Titanite, apatite, and iron oxide may be 
present. The rock might equally well or per­
haps better be named a granodiorite. 

The porphyritic type, characterized by large 
orth9clase feldspars, res.embles the granular 
types in that it contains abundant biotite and 

though of porphyritic texture has nevertheless, 
where medium to coarse grained, a somewhat 
granular appearance. It differs in carrying 
conspicuous large phenocrysts of pink feld~par 
and abundant smaller .phenocrysts of quartz, 
and many of the latter are crystallized as double 
pyramids joined by short prism faces. The 
spacing of the feldspar phenocrysts and the 
abundance of the quartz phenocrysts vary con­
siderably from place to place-they may be 
separated by only a few inches, or there may be 
·several feet between individual phenocrysts, 
and locally they are entirely absent. The 
phenocrysts vary in size also and in places are 
hardly more prominent than the other minerals 
of the rock. · 

The phenocrysts· may be either oligoclase 
feldspar, quartz, or biotite, set in a granular 
groundmass of varying degrees of fineness, con­
sisting of quartz or orthoclase. Many of the 
quartz phenocrysts, show resorption phe­
nomena. 

DIKES AND SMALL MASSES OF QUARTZ MONZONITE 
PORPHYRY. 

Dikes and small masses of quartz monzonite 
porphyry occur both as offshoots from the 
main mass and as later dikes cutting through 
the main mass. 

Several of these later dikes have been 
mapped. Two near the northern border of the 
district have been traced for more than 3 miles. 
For a considerable distance they are approxi­
mately parallel, but they diverge noticeably at 
their east ends and are not everywhere continu­
ous at. the surface. The southern dike at its 
east end is very thin and can not be located.with 
certainty, but float and small outcrops indicate 
its presence. 

Dikes of similar character are found to the 
. south, in sees. 26 and 27' and similar rock, in­
tensely altered, occurs in sees. 10 and 15. 
These dikes are characterized by abundant large 
idiomorphic phenocrysts of feldspar and quartz. 
Many of the quartz crystals retain their crystal 
faces, and in places as many as six intergrown 
so as to constitute a single quartz phenocryst 
were noted. The number and size of these 
prominent 'minerals vary from _place to place. 

·Biotite is present, though not conspicuous. 
The main body of the rock consists of smaller 

phenocrysts of oligoclase in a very fine grained 
groundmass of . quartz and orthoclase. There 

• 
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are .many quartz phenocrysts . within these 
rocks, besides those, displaying· well-developed 
crystal faces, which show marked absorption 
phenomena. Their surf aces are corroded and 
rounded and in places deeply embayed, and 
reaction rims of the quartz and feldspar of the 
groundmass surround them. It is possible 
that some of the corrosion took place· during 
the injection of the dikes. On examination 
with the microscope it becomes evident that 
Inuch sericite has formed, both as disseminated 
flakes in the feldspar and completely replacing 
the biotite. 
·A small mass of porphyry cutting the granite 

in sec. 35 is different from the common por­
phyry of the district. It is finer grained, and 
fresh specimens have· a brownish color. Small 
biotite and feldspar phenocrysts may be made 
out with the naked eye, set in a sugar-grained 
groun~mass somewhat resembling a fine­
grained sandstone. The microscope sho\vs 
phenocrysts of oligoclase and biotite 'with some 
light-green hornblende, in a fine-grained ground­
mass of quartz, oligoclase (in rods), and some 
orthoclase. The rock is without q11est.ion 
closely related in chemical composition and 
probably in date of intrusion to the main mass 
of porphyry. 

APLITIC DIKES. 

· Son1e of the aplitic dikes are allied with the 
pre-Cambrian granites, and others with the 
quartz monzonite porphyries. Such rocks are 
characteristically d.evel9ped with ~cid~c 1ntru­
sives and represent the more siliceous portions 
.and latest injection of ·the ;magma. Within 
the. pre-9ambrian granites notably, and in the 
quartz monzonite porphyry to a lesser degree, 
they are associated with pegmatitic .facies of 
the main masses. 

These dikes have nowhere been mapped on 
the surface and are considered simply as . an 
abnoi~mal de:velopment of the rhain masses .. 
· ·The aplitic dikes and masses .are character­
istically ·irregular in forrri and both on the 
surface and in the II;lines have very jrregular 
boundaries. 1\long the main contact between 
Leopold and the gravel sheet these dikes and 
masses occur and in places .made 'it difficult, 
especially where surface debris is plentiful, to 
locate the porphyry contact. North of the 
q~.ain contact, too,· in· this , general area, the · 

96105-22-:2 

granite is br~ken by n~rrow dikes and masses 
of this rock, a confusing condition in an area 
where the rocks are so intensely metamor­
phosed. It was not practicable to ·map them. 

The aplites are fine-grained rocks of pinkish-
. white color, composed of orthoclase and quartz 
in about equal amounts, with a little biotite. 
and in places evenly dispersed iron oxide. 
Locally the quartz and orthoClase assume a 
·rude micrographic texture. Very small pheno­
.crysts of quartz· appear here and there.· 

RHYOLITE DIKES. 

Rhyolite dikes are not abundant' within this 
area. A few, the more prominent, have been 
traced and mapped in the northwest corner of 

, the area, and one is shown in sec. 35. These 
dikes are very numerous to the south, beyond 
the confines of the 'area under consideration. 

The rhyolites are fine-grained white rocks of 
, somewhat porphyritic character. Under· a 
hand lens small phen9crysts of orthoclase and 
. quartz and small biotite crystals a~e phtinly 
visible, set. in an aphanitic groundmass, which. 

. proves on examination with a microscope to 
consist of orthoclase and quartz, at least locally 

·showing micr-ographic intetgrowth. 
These rocks are· of later age than other in­

trusives of the district, but it is not possible 
to assign to them a precise date of intrusion, 
as it is known that several periods of volcanic 

, activity occurred in post-Cretaceous time. 

QUARTZ LATITE PORPHYRY. 

Quartz latite porphyry occupies a small area 
in the extreme northeast corner ·of the district. 
It is _part of a larger area of such rock that 
forms the south end of the Little Burro Moun­
tains. 

The metamorphism, however, · Is here so 
thorough that it is not possible to affirm posi­
tively whether the rock is o,f the same age or 
younger than the quartz monzonite porphyry 
~t Tyrone. . The latter conclusion seems the 
more p,robable ;· arid t~e rock is· therefore 
correl~te~ with the. later Tertiary intrusions of 
other parts of the Silver City area. · 

.SEMICONSOLIDATED GRAVEL AND SAND. 

The Tyrone district borders a region made 
up of large areas of semiconsolidated sand and 
gravel. Portions of these deposits occur within 
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the district, principally in the northeastern 
part and along the northern border. 

. Character.-The material of 'these deposits is 
derived from the neighboring mountains and 
consists of fragments of lava or of pre-Cambrian 
igneous rocks or younger sediments, its· char­
·acter depending upon the kind of rock that is 
exposed in the adjacent uplands. The frag­
ments range in size from fine dust to blocks sev~ 
eral feet in diameter. In some places large 
boulders form· a part of the deposits. Most of 
the fragments are subangular, as would be 
expected in view of the proximity of their 
source and the mechanical nature of the rock 
disintegration by which erosion was aided in 
Pleistocene time, as it is at present. 

Calcite, silica, and iron oxide, alone or com­
bined in differing proportions, are the c~ment­
ing materials which in places bind together the 
otherwise loosely collected fragments and make 
of them a resistant conglomerate. 

Re_lation to underlying·~urface.-The contact 
of the gravel about the Big 'Burro Mountains 
is apparently a normal depositional· contact. 
That the gravel formerly covered parts of the 
foothill region which are now bare and that it 
has been carried outward to its present position 
during a period of recent dissection seem cer­
tain. How much of the Big Burro Mountains 
was covered is indetermiri.able, but a well­
defined rock bench that occupies at least much 
of the north and east sides of these mountains 
is plainly visible from any high point on the 
Little Burro Mountains. Probably gravel 
once covered' this bench, but presumably the 
main mountain core was never covered and in 
fact was the source during Pleistocene time of· 
much of the gravel that now surrounds the 
mountains. . 

In the Little Burro Mountains the condi­
tions are somewhat differen·t. The' gravel con­
tact along their east side is normal and follows 
the crest of the eastern ridge of the mountains, 
but for much of its length the contact on the 
west side is along a fault and lies at the base 
of a more or less precipitous mountain scarp. 

.Age and correlation.-Gilbert 11 in 1873, while 
studying the region dra.ined by the upper Gila 
and jt~ tributaries, gave the name Gila con­
glo!Tierate to certain. valley deposits which he 
describ~d as fol_lows: 

u Gilbert, G. K., U. S. Geog. and Geol. Surveys W. lOOth Mer. 
Rept., vol. 3 p. 540, 1875. 

The boulders of the conglomerate are of local origin, 
and their derivation from particular mountain flanks is 
often indicated by the slopes of the beds. Its cement is 
calcareous. Interbedded with it are layers of slightly 
coherent sand ·and of trass and sheets of basalt, the latter, 
in some cliffs, predominating over the conglomerate. 
One thousand ·feet of. the beds are frequently exposed, 
and the maximum exposure on the Prieto· is probably 
1,500 feet. They have been seen at so many points, by 
Mr. Howell and myself, that their distribution can be 
given in general terms. Beginning at the mouth of the 
Bonito, below which point their distinctive characters 
are lost, they follow the Gila for more than 100 miles 
toward its source, being last seen a little above the mouth· 
of the Gilita. On the San Francisco they extend 80 miles, 
on the Prieto 10, and on the Bonito 15. Where the Gila 
intersects the troughs of the Basin Range system, as it 
does north of Ralston, the conglomerate is continuous 
with the gravels which occupy the troughs and floor the 
desert plains. Below the Bonito it merges. insensibly 
with the detritus of Pueblo Viejo Desert.· It is, indeed, 
one of the "Quaternary gravels" of the desert interior and 
is distinguished from its family only by the fact that the 
watercourses which cross it are sinking themselves into it 
and destroying it, instead of adding to its depth. 

The Pleistoce:r;te deposits in the Silver City 
quadrangle correspond to the Gila conglom­
erate in all important features. Gilbert, fol­
lowed by Ransome, assigned an early Qua­
ternary age to the Gila conglomerate. Fossil 
bones are reported from the gravels south of 
Santa Rita, but none were seen by the writer. 
There is no reason, therefore, to assign to the 
beds an age other than that already suggested. 

STRUCTURE. 

As all the rocks of the Tyrone district, 
except the gravels, are massive intrusives, 
their structural relations have to do wholly 
with intrusion, faulting, and fracturing. Fold­
ing plays no evident part in their inter­
relations. 

INTRUSION. 

The main stock of. quartz monzonite por­
phyry intrudes a granite complex and is sub­
circular in its outcrop. There is some evi­
dence that on its northern border it dips to the 
south.· At other places . no clue has been · 
gathered as to the, attitude of its walls­
whether converging or diverging downward . 
Offshooting dikes from the main mass indicate 
that fracturing of the invaded rock played a 
part in permitting the entrance of the magma. 
Whe~her or not stoping of the wall rock has 
taken place on a large scale ~s undetermined. 
On the southern contact in sees. 3 and 34 a 

• 
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long tongue of porphyry projects at a low 
angle, nearly parallel with the contact, into the 
granite, nearly isolating a slice of that rock. 
Should such a block of granite have been 
entirely severed from its parent mass, it might 
possibly have sunk· into the magma .. The 
detached island-like masses of granite in sees. 
22, 27, and 26 may represent remnants of a 
roof, in place, or may connect downward with 
the main granite mass. ·The writer found no 
certain evidence on which to base an opinion 
regarding these points. 

A number of dikes cut the granite and the 
quartz monzonite porphyry. Structurally they 
suggest that ·the region was still under the 
influence of tensiqnal stresses after the larger 
intrusions had solidified. This suggestion is 
accordaht with the evidence afforded by the 
faulting and fracturing. 

FAULTING. 

REGIONAL FAULTING. 

Faulting has played a very important part 
in the dynamic history of the region about 
Tyrone. Reference to figure 4 (p. 6) will 
show that there are two principal fault sys­
tems, one having a northwest to west-north­
west trend, tP.e other a northeast trend. The 
close spacing of the northeast breaks indicates 
the completeness with which the ground was 
fractured, and when it is borne in mind _that 
there are .many fractures not shown a fair im­
pression is gained · of the thoroughness of the 
process of dislocation. These two dominant 
fault systems are, it is believed, connected in 
origin with movements of folding. The evi­
dence supporting this belief has been given in 
the Silver City folio, on the maps ·of which the 
.relation of faults to folds is made clear. It is 
reasonable to suppose tl~at a broad syncline 
whose axis passes northwestward between 
Silver City and Santa Rita is but one of several 
similar broad folds. (See fig. 4.) So ~on­
ceived the region about Tyrone would ·fall 
somewhere on the eastern limb of a broad anti­
dine, upon the details of which, for lack of 
aata, it is futile to speculate. . 

It is believed that the formation of such a 
system of folds accompanied widespread uplift 
and intrusion and that gravitative adjustment, 
accompanying or succeeding such distentional 
movements, accounts for the faulting that 

ensued. That the movement of uplift wa~ 
such as would produce distention is suggested 
both by the normal character of the faults and 
by the vast amount of igneous material that 
has entered the :rocks, particularly during 
Cretaceous time. There are wide areas filled 
with narrow dikes. Only the distention of the 
crust ·could have made possible this great 
influx of magma; and it is not surpris~ng that 
such a process should result in the instability 
of individual blocks. Both dtiring and after 
such an uplift faulting w~uld take place on a 
great scale. The· cause of such· widespread 
uplift may well be connected with igneous 
injection even if not controlled by it. The 
primary cause must be sought in the realm of­
the theory of earth physics. It is a fact that 
in the Silver City region igneous invasion 
accompanied uplift, and beyond this important 
fact it is here not necessary to go. 

FAULTING IN THE TYRONE DISTRICT. 

Of the larger northwestward-trending breaks 
one that forms the western scarp of the Little 
Burro Mountains crosses the Tyrone district. 
This fault tilts the pre-Cambrian rocks of the 
Little Burro Mountains and the overlying 
.Cretaceous sediments toward the east, and it 
may be presumed that_ the rock~ west of the 
fault, which are relatively downthrown, are 
also tilted eastward. There are certain facts 
which support this presu:mption. Two of the 
faults of the northeast system (see fig. 4) if 
continuous southwestward ~cross the Mangas 
Valley must enter tb.e Tyrone district a short 
distance west of Tyrone. There is field evi­
dence to support the view that they are thus 
continuous. The contact between gravel and 
pre-Cambrian granite from St. Louis Canyon 
northward for half a mile is a fault contact. 
Both at the road crossing where the relation is 
evident (see Pl. III, A) and in a tunnel driven 
thrqugh the contact at. the old turquoise 
workings north of the road· the fault may be 
seen. ~t the turquoise workings the vertical 
plane between gravel and bedrock is particu­
larly well displayed. Drill records o~tained 
farther north along the trend of the fault sup­
port the same view. The downthrown side 
of the fault is on the south, as it is at both 
of the faults _across the Mangas Valley. 
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It.is difficult to trace this fault farther south- I 

westward, for the rocks supposedly cut by it 
are all igneous, and there is little. or nothing 
whereby· to distinguish a fault from ordinary 
fracturing, much less to determine the direction 
or extent of movement. Nevertheless, there 
are certain features connected with the fractur- · 
ing and metamorphism along this zone that 
support the idea that the effect of the fault 
persists for at least 2 miles farther to the 
southwest. These features consist, first, in 
a strong vein filled with fluorite a short distance 
north of shaft No. 2, showing brecciated ma­
terial and slickensided walls; second, in an 
unusually abrupt boundary between rock which 

· is thoroughly metamorphose.d and fractured 
and rock in which there is decidedly less meta­
morphism; and third, in a line of benches 
flanking the northeastward-trending ridge in 
the southeast corner of sec. 21. These flanking 
benches may be clearly seen from any elevated 
point on the west side of Deadman Gulch op­
posite Copper Mountain. From an altitude of 
6,300 feet on the east side of the creek the even 
tops of the ridges, transacted by westward­
flowing streams, become at once visible. 

The topographic relations in this vicinity 
suggest a fault with the downthrow on the 
north, whereas the fault of which it has been 
presumed this is a continuation has its down­
throw o;n the south. One of two explanations 

- may be offered· for this apparent anomaly. 
Either there. has been rotation on the fault 
plane, about an axis located som~where be­
tween the two points under consideration, so 
that at opposite ends of the block the fault is 
opposite in throw, or the present westward­
facing scarp. is due to superior hardness of the 
rocks on .the south side of the fault (by reason 

Other evidence of faulting within the dis­
trict consists in brecciated veins within the 
mines and at the surface. A number of these 
veins are described in the section on the ore 
bodies. 

· As no evidence of overthrustirig has been 
found in this region, all the breaks mentioned 
above are considered normal faults. 

AGE OF FAULTING. 

Movement along fault planes in this region 
has persisted down to a late date, as is proved 
by the intricate fault system cutting the lava 
ranges in the northern part of the Silver City 
quadrangle and in the Little Burro Mountains 
and by the fault planes along which Pleisto­
cene gravel abuts against older formations. 

To establish the precise date at which fault­
ing began is more difficult. Beginning during 
Cretaceous time, it was probably connected 

· with the folding that has affected the Creta­
.ceous rocks and quite probably was brought 
about by igneous invasion. , 

The strongest argument supporting the be­
lief that the faulting began at. an early date 
lies in the fact that the intense mineralization 
and alteration of the quartz monzonite por­
phyries is dependent upon intric~te fra~ture 
systems connected with the faulting; and the 
mineralization surely tqok place soon after in­
trusion and probably during the cooling of the 
deeper' portions of the magma. For this rea­
son it becomes logical to .assume the sequence 
of intrusion, folding, faulting (with fractur­
ing), and mineralization in the Cretaceous his­
tory of the region. 

FRACTURING. 

DISTRIBUTION. 

of metamorphism), erosion thus being able .to Fractur~ng of the rocks il). the Tyrone dis-
bring. the north side to ·a lower elevation. trict has been carried to great lengths .. Asso-

Whatever 9onclusion may be reached re- ciated with this fracturing has been intense 
garding this point, the physiographic evidence metamorphism. The following statements con­
bearing on which is set forth at another place, cerning the di~tribution of fracturing therefore 
it seems highly .probable that this line repre- applyequally.well to the distribution of meta­
sents the extension of the fault. ·Further sup- . morphism. , 

. port to this belief is .afforded by the fact that· The principal fracture zone of the district is 
to the southwest, in direct line with this sup-· included within a roughly triangular atea 

·posed fault, there are a number of alined topo- whose bas~ may be considered the gravel and 
graphic saddles in which prospect holes show hard ro'ck boundary between Tyrone and Oak 
well-deyeloped fault gouges. On the map,. Grove and whose apex is at a point about 2 
therefore, this fault is indicated·· by a dashed miles southwest of Leopold. (See Pl. II, in 
line passing through these saddles. pocket.) 

.. 
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The degree of fracturing throughout this 
area is not the san1e. It is more intense along 
the nor.thwest side of the triangle and most 
intense between the towns of Leopold and 
Tyrone. Southeast of this zone of maximum 
intensity and extending nearly to the granite 
contact on the southeast the fracturing, though 
riot so intense, is nevertheless. very evi'd.ent. 

The change from very thoroughly fractured 
rock to rock that is 1nuch less broken is remark­
ably o.brupt along the northwest side of this 
area, occurring in places within a quarter of a 
n1ile. This feature is particularly noticeable. 
in the vicinity of Copper Mountain on Dead­
man Gulch and along the boundary to the 
southwest and northeast of that place. (See 
Pl. II.) 

This zone is believed to mark n line of nota­
ble moveinent. Southwestward from Leopold, 
however, an appreciable 'diminution in the de­
gree of fracture m.ay be noted until at the point 
indicated on the 1nap as the apex of the tri­
'angle intense fracturing is no longer present, 
though nowhere within the district are the 
rocks free from fractures. · 

On the southeast side of the fracture zone 
under discussion the change f1·on1 fractured to 
relatively' unfractured rock is n1ore gi·adual and 
is n1arked by no pronounced structural feature. 
The ·curved line delineating the southern 
boundar.v of the zone in a 1neasure expresses 
this condition. 

The position of the major zone of fracturing 
is independent of rock type. Both granite and 
quartz monzonite porphyry have been frac­
tured. The 1nain contact of these rocks east 
of Leopold directly crosses the trend of the 
fracture zone. 

Beyond the li1nits of the principal zone in­
tense fracturing is confined to individual veins 
and shear zones. A shear zone extends south­
westward for about a ,mile in. sees. 10 and 15 
and is coincident with the position. of ·a small 
porphyry dike. The old workings of the rich 
turquoise deposits of the Azure Mi1_1ing Co. are 
on this zone. 

NATURE OF THE FRACTURING. 

The fracturing of the rocks is directly con­
nected with faulting. It. may indeed be re­
garded as a distributive type of faulting, 
wherein the movement , of relief instead of 
being limited to a few large breaks is taken up 

by a great number of minor breaks. It is· 
believed that in' the main where there existed a 
tendency to form large open fractures either the 
intrusion of a dike or the collapse of the rock 

. closed such openings. 
A striking feature of the individual·fracture 

is its discontinuity. Extending for a few feet 
or for several hundred feet, it then grows weake~ 
and dies out, its place being taken by another 
of similar character but having a more or less 
different strike, dip, and degree of prominence. 
The fractures are thus compound breaks, and 
even the strongest, those carrying ~vidence of 
considerable movement, partake of this char­
acter. Such~ for example, is the North vein, 
the hanging wall and footwall of which for 

FIGuRE 5.-·Diagram illustrating the nature of the systems of anas­
tomosing fractures of which the mineralized fracture zones· aro 
made up. 

several feet are essentially fracture or crushed 
zones. The St; Louis vein is another typical 
example of s~ch .fractured ground. (See mine 
descriptions below.) · 

The fracture planes are rarely plane surfaces, 
being characteristically uneven and warped and 
of irregular shape and extent. Although the 
direction of a particular zone of movement may 
be well defined, the individual fractures that 
together make up this zone follow this direction 
only approximately .. Such an anastomosing 
system is· illustrated in figure 5. This irreg­
ularity is shown vertically, as well as horizon­
tally, on the vein and is characteristic of all the 
veins, from those that carry brecciated zones 
8 or 10 feet in width to minute, hairlike breaks. 

An. analysis of the dominant trend of the 
fracture systems within the mines shows that 
these trends are not everywhere the same. 

In Plate IV the azimuths of many fractures 
have been plotted about the center of a circle. 
On level A there is concentration in a N. 45°-
600 E. direction, with a noticeable number 
trending N. 70°,-80° E. and fewer N. 10°-15° E. 
In the northwest quadrant the directions are 
varied and the fractures are present in only 
minor amount. 
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On the tunnel level (not shown in Pl. IV) I nary fractures. How deep this breccia de­
there Is heavy concentration along lines N. 70° scends is not known to the writer. The mines 
E. and N. 80°-85° E., with some concentration i were not unwatered below the 400-foot level 
in a N. 10° W. direction, also N. 70° W.-in 
fact, the fractures trend in all quarters of the 
circle. · 

In the Bison ore block there is marked con­
centration in the northwest quadrant, par­
ticularly N. 5°-10° W. and N. 15° ·w. There 
is, however, an even distribution throughout 
from N. 606 W. to N. 80° E. 

On the 200-foot level fractures are well dis­
posed through the-northeast quadrant but are 
concentrated around N. 20° E. 

On the 300-foot level there is heavy concen­
tration near N. 20° E. and N. 10° E., with some 
concentration at N. 60° E. Fractures are well 
distributed throughout the northeast quadrant, 
in fact, but are generally lacking in the north­
west quadrant. 

On the 400-foot level there is heavy concen­
tration between N. 40° and 45° E. and betwe~n 
N. 60° and 65° E., with generally dispersed 
fracturing throughout .the northeast quadrant. 
Scattering fractures_ are found in the northwest 
quadrant, and there is some concentration 
north and so:uth. 

On sublevel B there are concentrations at 
N. 4°-!'2° E., N. 25°-31 o E., and N. 40°-50° E., 
with other fractures scattered" in the northeast 
quadrant and also in the northwest quadrant. 

By far the greater number of these fractures 
dip to the east, generally at rather high angles, 
though there are man-y exceptions to this gen­
eralization,. both as to direction and angle of 
dip. 

BRECCIA. 

At two places within the Tyrone district 
there are brecciated zones of rather unusual 
character, in that the broken block of ground 
was not apparently dependent upon a simple 
fracture .or set of fractures. One breccia occurs 
within the Burro Mountain Copper Co.:s mines 
and is known as the Breccia ore body; the 
other is on the summit of a small hill in the 
northeastern part of sec. 26. 

The irregular and ill-defined ·outline of the 
Breccia ore body is roughly indicated on the 
plans and cross sections. (See fig. 23, p. 44.) 
It is not the same on the various levels. On 
the 300 and 400 foot levelsits dimensions (nar­
row and long) suggest association with ord1-

at the time his investigation was being. car­
ried on. 

The breccia is composed in large part of 
angular Jragments of_ granite, and the matrix is 
generally of the same material, only more 
finely crushed. In places intrusive aplite dikes 
form a large portion of the breccia. ·As the 
pre-Cambrian granite is composed of granite of 
various types, it is not surprising that the 
breccia presents an appearance of great hetero­
geneity. In places crushed aplite makes up 
most of the breccia, and, as shown on the maps, 
porphyry intrusives partly border the breccia, 
particularly on sublevel B. The fragments 
vary in size, and the largest are several feet 
in diameter. Later fractures cut the breccia 
and pass from fragment to matrix. 

It is not easy to determine positively the 
nature of the movement that caused this 
breccia. Certain of its features,· however, sug­
gest a reasonable explanation. First, the 
breccia is in the main composed of angular 
fragments of material not noticeaply different 
from the matrix in which they are set. Some of 
the fragments are rounded. Second, the breccia 
is associated with intrusions of fine,..grained 
porphyry-in fact, the fine-grained porphyry is 
in places brecciated. Third, the breccia has 
been fractured by movements since its forma­
tion. Fourth, there are. no strong breaks par­
allel to the breccia which would make of it a 
fault breccia associated with a particular vein 
or set of veins. 

The dynamic history of the region suggests 
only two processes which might have played a 

-part in the formation of the breccia~faulting 
and intrusion. It is reasonable to suppose that 
both processes acted somewhat as follows: 

The pre-Cambrian granite was subjected to 
tensional stresses accompanied or soon fol­
lowed by both fracturing and intrusion. 
Rugged gaps.were torn in such rocks as granite, 
and magma flowed in to fill these gaps. Move­
ment did not cease then, however, but followed 
repeatedly, and the newly intrusive rocks were 
likewise torn apart. Some of this movement 
of distention (the result of uplift) was com­
pensated by the formation of .normal faults. 
In other places the magma filled the gaps 
formed by the movement. In yet other places, 

• 
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of which the breccia block is considered one; I ample, along individual shear zones.~ In this 
the net result of the application of forces and 

1 
district the two conditions are interdependent; 

the possibilities of relief was the collapse of a zone of notable fracture is generally a zone of 
extensive blocks of ground. Such a conception. alteration. This view is supported by the fact 
is reasonable when it is borne in mind that a that the degree of alteration is practically in­
wide area was being literally torn apart. If dependent of the rock type affected. Granite, 
by circumstance a detached block of ground granodiorite porphyry, and allied dikes are al­
was not supported by the immediate introduc- tered to degrees depending not on their. chemi­
tion of magma, or by movement along appro- cal constitution but on their degree of fracture. 
priate shearing planes, further pressure might Thus, for example, the principal zone of altera­
well accomplish its complete demolition, as in tion crosses the main· contact between pre­
the case of the Breccia ore body. That such a Cambrian granite and granodiorite porphyry; 
place n1ight be the site of subsequent move- and the rocks across the Mangas Valley, beyond 
ment is also reasonable, for such is the history the prominent northwest- southeast ·fault, 
of all fault movements in this and other dis- though rlrobably of later age t.han the porphyry 
tricts. The actual entrance of the magma may west of Tyrone, show in part intense alte;ra­
have taken part in the brecciation by tearing tion-an alteration ccmnected with a fracture 
blocks of rock asunder, for brecciation along system which, it seems t9 the writer., is inde- -
dikes is not an unusual feature in the district. pendent of the main fracture zone of _the dis-

The brecciation may be considered, then, a trict. 
phenomenon directly connected with the vio­
lent dislocation that attended the distention of 
the country rock n.nd its invasion by magma. 

1\U<:'.I'.AMORPHISM. 

DISTRIBUTION AND G~NERAL REL~TIONS. 

The rocks throughout the ~everal fractured 
terranes described above have to varying de­
grees lost_ their normal igneous characteristics. 
Their original constituents---,the feldspars, the 
quartz, and the ferromagnesian minerals (bio­
tite and hornblende)-have been partly or 
wholly replaced by sericite, quartz, and pyrite, 
with lesser amounts of chlorite, biotite, and 
chalcopyrite; and superimposed upon this 
primary alteration have been changes caused 
by the downward circulation of oxidizing sur­
face waters, wherein valuable concentrations of 
copper minerals have been brought about. 

In consequence outcrops within the more in­
tensely ;fractured areas are iron stained and sili­
ceous and of various hues of yellow, brown, and 
red, and in places the courses of strong veins are 
marked by a typical "iron hat." (See Pl. V, 
B.) 

The fracturing was the necessary forerunner 
of this alteration or metamorphism, for the 
rocks that are not fractured show no appre­
ciable alteration, and the intensity of alteration 
is a direct function of the intensity of fractur­
ing. This generalization applies equally well 
beyond the principal zone of alteration-for ex-

NATURE OF THE METAMORPHISM. 

The metamorphism of the rocks of the Ty­
rone district was brought about by two very 
di'fferent and altogether unrelated sorts of 
chen1ical activity. One involved changes pro­
duced by ascending hot alkaline solutions ar~s­

ing, so far as can be determined, fron1 deep­
seated igneous rocks, supposedly the lower por­
tions' of the quartz monzonite porphyry, now 
exposed at the surface; the other includes only 
changes produced by descending cold, slightly 
acidified rain waters, principally active aboye 
the zone of permanent ground water. The ore 
deposits of the district are in a measure due to 
the activity of both of these processes, but they 
are particularly related to the second process, 
without which there would have been no en­
richment of copper minerals. 

These processes are discussed in detail under 
the heading "Mineralization" (pp. 24-40). 

PHYSIOGRAPHY. 

The geologic history of the Silver City region 
has been outlined on pages 7-10. The last chap­
ter in this history, namely, the development of 
the present land forms, has special application 
to the. ore deposits of the Tyrone district and 
therefore deserves more extended discussion. 

The dominant topographic features comprise 
the Little Burro Mountains, a monoclinal fault 
block; the Big· Burro Mountains, an erosion 
remnant standing well above the surrounding 
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country; the great gravel plain: for ·the most · 
part an accumulation of rock waste in an exten­
sive inclosed basin and having minor topographic 
features depending on erosion and aggradation; 
and a plana ted rock surface, now scored by ero­
sion, bordering t4e Big Burro Mountains and 
merging on its outer border with the gravel 
plain. A minor feature is the parilike depres­
sion within the planated area, formed by the 
erosion of the unaltered quartz monzonite por­
phyry. All these features are primarily the re­
sult of the erosion· of rocks of varying hardness 
under special topographic conditions in a semi­
arid climate, modified ·by faulting. 

Inasmuch as the copper deposits of the dis­
trict occur beneath the planated rock surface 
above referred to, it is obvious that the pro­
cesses involved in . its formation· and those 
effecting the enrichment or other modification 
of the ore bodies are related. A somewhat 
extended analysis of the history and origin of 
this planated surface is therefore warranted. 
A consideration of land forms will also throw 

· light on the faulting of the region and thus aid 
in deciphering the history of the ore deposits. 

Many observers have commented on the fact 
that numerous mountain ranges in the south­
western part of the United States rise abruptly 
from sandy desert plains, like islands from the 
sea. The streams· that flow down their can­
yoned sides pour out debris in a series of great 
fans, whose edges coalesce to form sloping 
plains. The proces~ of aggradation is in full 
play. An inspection of the Pleistocene de­
posits in most of the Silver City area, however, 
indicates clearly that a decided change has 
taken place along their edges. 
, Although the deserts farther south are still' 
areas of active aggradation, or building up, 
much of the corresponding part of this area is 
being actively eroded. Yet there is abundant 
evidence' that , these gravels once formed an 
unbroken sheet that lapped up on the moun­
tains. they surround. The observer who stands 
upon, the Big Blirro Moun-tains and looks . 
northward over the valley of Mangas River can 
not fail to be impressed, even astonished, at 
the intricacy of the carving by which the even­
topped sheet of sand and gravel is cut into 
innumerable gullies and canyons, nor can he fail 
to conclude that the gravel must once have 
extended farther toward the. steep mountain 
scarps. 

An interesting question immediately· arises 
.in connection with this intricate carving of the 
Pleistocene deposits: When and why did erosion 
become so manifestly active~ .The answer 
may be read in certain· prominent physio­
graphic features of the neighboring hard rocks. 
These features may be best observed from an 
elevated viewpoint: To the northwest from 
the summit of Four A Mountain may be seen a 
remarkably fine example of a rock bench,' 
which slopes gradually from the foot of the lava 
~ange on the northeast. to the edge of the gravel 
sheet on the southwest. This bench is about 
2! miles wide. It has three prominent char­
acteristics_.:._its inner border terminates abrupt­
ly against a steep ·mountain flank, it slopes 
·evenly away from the mountains and is con­
tinued in the gravel without a break, and it is 
sharply incised by canyons that pass into the 
gr~cl. . . 

Across the gravel toward the southwest there 
is a narrower but similar bench, which, when 
viewed from the top of the ·Little Bur1~o 

Mountains, appears strikingly ·accentuated, 
forming the broad slope. at the foot of the Big 
Burro Mountains. These benches n1ay be 
explained by tracing to its end a cycle of 
erosion proceeding under the special conditions 
imposed by subaerial filling of inclosed basins 
of wide extent in an arid or semiarid clirp.ate.12 

It is assumed, first, that inclosed basins were 
formed by a disturbance of level, such, for 
example, as that which produced the Basin 
Range system, with its partly buried moun­
tains and detritus-filled inclosed valleys, con­
tinental warping probably being the under­
lyllig cause. Next is assumed a climate so 
arid tha.t evaporation would prevent the rise 
of water in these basins and thus augment 
suhaerial accumulation. These two conditions 
being assumed, it is apparent that a basin 
would be progressively filled from its center 
outward, and· that this process of progressive 
burial would permit erosion to act with ac-

. cumulating effect upon each succeeding un­
buried portion of the basin-that is, the last 
part to be covered would have undergone the 
greatest erosion. Although it is truE'} that 
there would be appreciable deposition of· 
coarse gravel near the borders of the basin 
where streams. debouched. from th~ mountain 

12 'Paige, Sidney, Rock-cut surfaces in the desert rouges: Jour. Geol­
ogy, vol. 20, pp. 442-450, 1912. 
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canyons, it 'should be borne in mind that ·such mentioned later). : Moreover; there .is both 
deposition must be confined 'largely to the. direct and indirect evidence that the gravel 
streain ways. The interstream areas would sheet formerly extended much farther west­
remain without a mantle. of gravel and thus ward. · 
cpntinue·to be subjected to erosion long after' The last two points need elaboration. In 
the center of the basin was ·effectively·masked the section. on faulting the evidence is set forth 
with fine debris. ·If the basin were· of great to· support the statement that the fault which 
extent the last· part to suffer burial would. enters the. Tyrone district from the northeast 
probably have become a nearly planated sur- is downthrown on the south at Tyrone. Far­
face. This end seems inevitable for·the follow- ther west, however, it has not been possible to 
ing reasons: First, the edge of the accumulat- locate this fault except by indirect evidence. 
ing gravel sheet-below which (vertically) Thus, it is known that the hypothetical.exten­
erosion could not extend-determines a local sion of the fault would correspond to the north­
base-level, and, second, the territory above ern boundary of the main fracture zone; but 
the gravel would constantly tend to become this boundary occurs wholly within igne­
reduced to the level of the gravel. But this ous rock, and the needed direct criteria for 
level is slowly rising; therefore the end product proving its presence are lacking. At this point 
of such a cycle would be a sloping, evenly cut the aid of physiography (the interpretation of 
rock plain abutting against a 1nountain scarp.13 land forms) becomes valuable.· Just west of 
The maintenance of this scarp is due partly Copper Mountain and east of Deadman Gulch 
to the cutting action of the mountain stream there are certain benches cut in rock and lo­
as it successively occupies the opposite borders cated precisely where the hypothetical bound­
of the convex alluvial fan formed at the can- ary of the fault passes and .at the border of 
yon Inouth. Such a plain formerly bordered the main fracture zone. These benches, how­
the Big Bun·o Mountains, and the copper de- ~ver, indicate a fault upthrown on the· south, 
posits of the district lie beneath its surface. for their surface is· presumed to correspond 

At present, however, this Big Burro _Moun- with the higher plana ted surface to the south­
tain 'bench is und~rgoing strong dissection, . east, across the supposed fault. This throw 
which, though probably a result .of various is therefore opposite to that of the fault at 
causes, is believed to be due mainly to faulting Tyrone. The question is naturally raised, Is 
and accompanying tilting of the faulted there not a hinge point somewhere between 
blocks. The gravel, in consequence, has been these benches and Tyrone~ Such a hinge point 
swept outward and removed from the surface would in part account for the 'failure to trace 
~f the bench, and relatively deep canyons have the fault, for movement would be slight. in the 
been cut in the underlying hard rock. region of the hinge. 

Evidence to prove that the mineralized area The conclusions that these benches indicate 
is a tilted, faulted, fractured block may be a fault, and that this fault is upthrown on the 
found, first, in the master fault along the west· south. are further supported by the following 
border of the Little Burro Mountains (with facts: This ljne of disturbance may be traced 

· downthrow on the west), which limits the a mile still farther southwestward,- as shown on 
Tyrone block on the east; and second, in the the geologic map, and coincides with the posi­
fnult entering the Tyrone district from the tion of several alined topographic divides in 
northeast and crossing St. Louis Canyon a which prospect. drifts show well-defined fault 
short distance above the old town of Tyrone gouges. Faulting is thus clearly indicated. 
(a fault downthrown· on the south at Tyrone, Again, the maximum elevation of these 
but probably upthrown on the south farther benches, 6,280 feet, corresponds with the top of. 
west, as indicated by cert~in benches to be the planated surface to the north, across the 

intervening valley; whereas immediately to the 
ts Lawson, A. C., Tho opigono profiles of tho desert: California Univ. 

Dept. Geology Bun., vol. 9, pp. 23-48, 1915. southeast, across the assumed fault, the top 
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of the surface is at 6,400 feet, indicating a 
throw of 120 feet, with the uplift on the south. 

Returning to the evidence presented by the 
position of the· edge of the gravel sheet, in 
support of the idea that tilting has occurred, 
we may refer first to the fact that on the south­
ern border of the Big Burro M~untains the 
gravel extends within a short distance of the 
steep slopes of the mountains. This is con­
ceived to be the normal position of the gravel 
at the end of the cycle of erosion discussed 
above. Further, in some places in the Silver 
City region isolated outliers of gravel indicate 
that the main boundary has been eroded 
basinward; and finally, there are deposits of 
iron-cemented gravel in the vicinity of Tyrone 

whose mode of origin indicates that their pres­
ent position at the edge of the gravel sheet 
has been established recently (in geologic time) ; 
formerly such deposits were deeply buried, and 
the border of the gravel sheet was farther 
mountain ward. 

Thus, in the light of all the evidence avail­
able, it would seem reasonable to postulate 
that the planated rock surface beneath which 
the copper deposits occur was first a smooth 
gravel-covered, sloping plain; that it was sub­
sequently faulted and tilted eastward; that the 
gravel was stripped from its surface and can­
yons cut within it; and finally, that during all 
these changes the copper deposits were being 
more or less modified. 

• 
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PART II.-THE COPPER DEPOSITS. 

IDSTORICAL NOTES. sunk on the St. Louis claim, an4 a large body 

Until the late seventies and early eighties of sulphide ore was found . 
the Burro Mountains were the stronghold of Two years la,ter another company, under the 
the savage Apaches, and it was a common management of Colonel Smith, built a smelting 
belief that no prospector ever returned who plant at Oak Grove, but this ran only a short 
chanced to wander into the region. The beauti- time. 
~ul Mangas Valley, to the northeast, received ·Soon afterward Judge Deming organized the 
Its name from the notorious Apache chieftain Alessandro Copper Co. to work a group of 
Mangas Coloradas (Spanish for red sleeves), claims about 3 miles east of the St. Louis mine. 
who~e d~eds are written in blood on the pages The treatment plant installed here involved a 
of frontier history. It is probable that the leaching process, using sulphuric acid made on 
Indians mined for turquoise before the district the ground from pyrite. The low grade of the 
was known to white men.t4 ore, the lack of a railroad, and the attempt to 

The "old timer" John E. Coleman better leach 30 years ago resulted in failure. 
. ' ~nown m the early days as "Turquoise John," The Val Verde Copper Co. merged with the 

IS generally credited as being the discoverer of Southwestern Copp~r Co., and all operations 
the district, as "no prospecting of any conse- were suspended on account of marauding 
quence was ever done before his time. He Indians. During this· time other discoveries 
was in the district in 1879 and made a number were made in the district, among which was 
of ~ocati~ns of both copper and turquoise, the Sampson deposit, found by George Sublett 
havmg discovered turquoise in ~orne ancient and Robert Thompson. 
workings during that year. Nevertheless it In 1904 Theodore Carter interested the Leo­
seems that Robert and John Metcalf were the pold Brothers, of Chicago, in the St. Louis mine 
first to make locations in the region; about and other properties and organized the Burro 
1871. They found both turquoise and copper. l\fountain Copper Co.16 This company took 

The St. Louis deposit was discovered in 1879 over the St. Louis, Sampson, Boston, and other 
by JaJnes Bullard, John Swisshelm, and J. w. claims belo~ging to the Southwestern Copper 
Fleming, and shipments of surface ore were Co. A 150 to 300 ton mill was built at Leopold 
made to Denver.15 The discoverers negotiated and treated 4 per cent ore from the Sampson 
a sale with Paschal R. Smith and Frank and St. Louis claims. 
Marshall, who organized the Val Verde Copper In 1904 Phelps, Dodge & Co. bought a third 
Co. and erected a 50-ton reverberatoryfurnace interest in the company and acquired at the 
in Deadman Gulch. The town around the same 'time an option on the remaining two­
works was called Paschal. The company thirds of the property. 
owned the St. Louis, Burro Chief, Boston, About 1905 the Comanche Mining & Smelting 
Marshall, Copper Mountain, and several other Co. and the Copper Gulf Development Co. 
claims. The nearest railroad point was Dem- started developing property in· the camp. 
ing, N. Mex., over 50 miles distant, and the·· ';f.'hey merged later as the Savannah Copper Co. 
wagon haul cost $50 a ton. The ore was In May, 1906, the Briggs Oliver Develop­
obtained mostly from the St. Louis mine and. ment Co. took under option the Burro Chief 
smelted in the reverberatory furnace. The group, belonging to Thomas S. Parker, and 
supply of high-grade material was small, and started Nos. 1, 2, and 3 shafts at Tyrone. This . 
the operating costs were so high that the com- COIIJ.pany later became the Tyrone Develop­
parry soon failed. Later a 500-foot shaft was ment Co., and then the Chemung Copper Co. 
________________ ____:__~ -- It carried on extensive development work, 

u Jone~. F. A., New Mexico mines and minerals, pp. 55-56, 1904. 
16 Bush, F. V., Min. Press, February 6, 1915, p. 222. 11 Wade, R. W., Eng. and Min. Jour., Aug. 15, 1914, p. 287. 
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sinking shafts, dri~ing drifts, crosscutting, and 
blocking out ore bodies. 

The Phelps Dodge Co. bought·out the Leo­
pold interests in the Burro Mountain Copper 
Co. and in 1913 purchased the Chemung Copper 
Co. and the property of a number of individual 
claim holders~ 

NATURE OF THE DEPOSITS. 

The principal copper deposits of the Tyrone 
. district are chalcocite ore bodies in porphyry 
and granite. They owe their value to the en-. 
richment of pyrite and chalcopyrite by de­
scending rain water. No primary ore is mined 
·in the district. · The deposits exhibit all the 
characteristics of the now well-recognized chal­
cocite "porphyry" ore. The chalcocite is 
either disseminated regularly throughout large 
masses of ·fra.ctured country rock. or concen­
trated along exceptionally strong veins or shear 
zones. The valuable ore bodies are character­
ized by both these features. The chalcocite 
ores are everywhere overlain by ground of 
variable thickness either barren of copper min­
erals or containing carbonates and other oxi­
dized copper minerals, and at varying d~pths 
beneath the workable chalcocite ores the pri-
mai:y pyrite is everywhere encountered. The 
deposits are clearly related to zones of intense 
fracturing and do not appear where such frac­
t-uring is lacking. As they exist to-day, they 
are not the result alone of a long period of en­
richment but clearly reveal the effects of per­
haps equally extensive impoverishment. 

The principal ore bodies lie within a north­
eastward-trending zone of fracture between 
Leopold and Tyrone. They may be considered 
the end· result of, first, primary mineralization 
of a fracture zone in· porphyry and granite; 
second, enrichment by downward percolating. 
rain water at various stages in their develop­
ment; third, ·impoverishment of previously ex­
isting ore at various stages by leaching. · . 

In harmony with the nature of 'their origin, 
the ore bodies are very irregular in size and: 
shape. They range from roughly blanket-like 
masses, grading upward into oxidized ground 
and downward into primary pyrite, to strong 
veins or shear zones, which are likewise barren 
near the surface and too lean· to be of value 
below, where chalcocite gives wa;r to primary 
pyrite. 

The East ore body, about ioo feet long and. 
600 feet in greatest width and related to two. 
strong fractures, is typical of the blanket type. 
At the top and bqttom the body has little 
horizontal extent, but it swells notably at the 
middle, its form being regulated somewh~t 
sharply on the west and northwest by the St. 
Louis and North veins, respectively. To the 
east and south the ore merges with country 
roc~ carrying too little copper to -be· regarded 
as ore . 

The so-called "flat veins" of the Chemung 
group are typical of the shear-zone type. Here 
strong central anastomosing veins constitute,· 
with the adjoining wall rock, profitable ore 
bodies. 

The roughly cigar-shaped form of .the richer 
bodies near Leopold may be· discerned from 
the mine maps, where the narrowing and widen­
ing of the worked-out stopes on various 
levels may be clearly seen. . 

It is highly probable that the localization of 
all these or.e bodies was determined by· the 
presence of an appreciably greater amount of 
chalcopyrite thari is found on the average 
throughout the rock mass. 

PRIMARY MINERALIZATION. 

GENERAL FEATURES. 
--

The. primary mineralization of the grano-
diorite porphyry and the granite was effected 
by the passage through these rocks in number­
less channels, some large but most very small, 
of great quantities of aqueous solutions, the 
mineral content of which not only filled the 
countless open fractures in the rock but 
metasomatically _replaced the wall rock of 
fissures great and small, searched out the 
innermost parts of the rock mass, and, to 
various degrees of perfection, performed its 
work of alteration. Although the changes 
thus accomplished, measured by the quantity 
of material introduced, indicate a chemical 
interchange on a vast scale, the minerals 
formed are few in number and characte;ristic 
throughout the area. · 

Of the nonmetallic minerals, sericite and· 
quartz far exceed in amount any others.· In­
deed, except for a little chlorite, a little sec­
ondary biotite, a -little calcite and epidote, and 
an amount of fluorite not easily estimated (as 
described below), they may be said to be the 

• 
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characteristic nonmetallic accompaniment· of altered granites may show a few flakes of 
the alteratio.n. sericite scattered through the feldspars. In 

Of the metallic minerals, pyrite is pre- another place the chemical composition of parts 
eminently ~he most .abundant, and considering of zoned feldspar may have offered the neces­
the fact that copper is the valuaple metal sary chemical environment, 'and the sericite is 
sought in these deposits, there is an astonishing·· seen 1n an orderly arrangement within the 

· scarcity of chalcopyrite and a lack, $0 far as was 8 in. 

observed, of any other primary copper mineral. 
A little zinc sulphide occurs, also .a little 
molybdenite, but besides these there·· is a 
dearth of· introduced metals. Sericite and 
secondary quartz are present in the meta­
morphic rocks in amounts ranging from a few 
scattered flakes of s~ricite within the feldspars 
to aggregates almost completely repl~cing the 
rock. Of these two minerals, however, sericite 
is by far the-more abundant. 

FORMATION OF SERICITE. 

The formation of sericite has apparently 
proceeded under two sets of physical condi­
tions-it has filled open cracks in the r,ocks as 
veinlets, either with or without quartz, or it 
has metasomatically replaced the constitu­
ents of the rock. The second mode of occur­
rence is the pred<?minant one. The nature, 

Pyrite veinlets 

Quartz and sericite 

FIGURE 7.-Pyrite, sericite, and quartz replacing porp}Jyry in a sheeted 
zone. In places this process affects large blocks of grmmd. 

feldspar, following crystallographic directions 
or cleavage planes. In rocks more str9ngly 
affected the feldspars may all be filled to vari­
ous degrees with sericite blades, while the· 
quartz remains entirely unaltered. In a yet 
more advanced· stage sericite replaces the 
edges of quartz grains, and from this stage on 
a progressively more nearly complete replace­
ment may be observed to those rocks in which 
quartz and feldspar alike are filled with serjcite 
blades. 

How quartz is formed or introduced in these 
various stages is not clearly understood. The 
fact that it fills cracks in the other mineral 
grains as countless veinlets and larger veins. 
is clearly observed, but quartz has also replaced 
the walls of veins and veinlets, and' in such po­
sitions it is not everywhere clear what port~on 
has been introduced and what portion· is f:t 
residuum from ·reactions involving the for­
mation of ~?ericite. (See fig. 6.) From· a study 

I/ I Pyrite and open spaces 1 of thin sections, however, and from observa-
ti()n .in the field, it is believed that the bulk of 

Secondary quartz the secondary · quartz occurs either in qpen 
fillings or in the replaced walls of the veins not 
far from the feeding channel of circulation. 

FIGURE 6.-M:etasomatic replacement of porphyry by pyrite veinlets, It may thus replace a large body of rock in a 
· seriCite, and quartz. h d h d ff d d s eete ·zone w ere rea y access was a or e 

texture·, and composition of the rock replaced, to the circulating solutions. (See fig. 7 .) . 
the nature of the solution that accomplished It may be shown that the deposition :of 
the alteration, and the time during which it I quartz and that of sericite are under. certain 
acted. each affected the end re~ults. ·Slightly ~ssumed conditions intimately related-that 
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the formation of the sericite demands the set­
ting free of a certain amount of:silica. Whether 
this silica is immediately redeposited or not 
would depend upon conditions, the arbitrary 
assumption of which leads to no particularly 
valuable conclusi9n. For example, the · re­
placement of a molecule of albite by a molecule 
of sericite, if the silica of the albite molecule 
remains const.ant-that is, furnishes all the 
silica needed-results in a volume change, which 
demands more space for the resulting sericite 
than was taken up by the albite molecule~ Of 
necessity, then, sil~ca of the albite molecule 
was set free to be deposited immediately near 
by as quartz or to be carried off in solution. 
Observation of many thin sections shows that 
in some places the quartz was clearly not de­
posited near by and therefore was carried off 
in solution .. Where the rock certainly contains 
more quartz than originally the question may 
well arise, How much of this quartz is residual 
and how much introduced 1 But the original 
rock was so variable in its content of quartz as 
to make an answer to this question of little 
value. . 

On the other hand, if the anorthite molecule 
is replaced by sericite, stable silica being as­
sumed, there is insufficient quartz in the 
anorthite to fill out the entire space with 
sericite, and therefore silica must ·be supplied 
by the solution. 

If all the material of the albite molecule were 
replaced by the sericite molecule-that 'is, if 
all its silica took part in the reaction-a larger 
space would be needed, and thus it is evident 
that this reaction can not take place if such 
space is lacking. Probably, the~efore~ a por­
tion of the albite molecule goes into sol~tion 
before replacement properly begins, and it is 
this general rule that must operate wherever 
it can be shown that replacement doe·s not pro­
ceed by interchange of equivalent weights. 
' As a matter of fact the igneous rocks in­
volved in these reactions contain feldspars 
which are mixtures of the albite and anorthite 
molecules. 

If the porosity of the altered rock may be 
used as a criterion of the resultant, it would 
seem that ample space was at hand for these 
reactions, for the pore space of the altered rock 
exceeds that of the unaltered rock. 

The transformation o.f feldspar to sericite, 
theoretically at least, may be brought about by 

highly heated water alone, thus: Orthoclase re­
acting with water alters to sericite; potassium 
silicate; and silica. 

3KA1Si30 8 + H 20 = KH2Al3Si3012 + K 2Si03 + 
5Si02 ' . 

The potassium silicate is carried off, while the 
liberat.ed silica may be partly removed in· S<?lu­
tion or it may recrystallize. as quartzP Or the 
reaction. may be chemically expressed as fol­
lows/8 water containing carbon dioxide being 
the only reagent necessary: 

3KAlSi30 8 + H 20 + C02 = KH2Al3 (Si04) 3 + 
K2C03 + 6Si02 

Sericite forms with as much ease from oligo­
clase, andesine, and labradorite as•from ortho­
clase/9 as is supported by field evidence at Ty­
rone, where all these varieties of feldspar are 
more or less transformed to sericite. 

The occurrence of notable amounts of fluorite 
as a vein filling at several places in the Tyrone 
district and observations in the mines, below 
the zone of chalcocite enrichment, which sug­
gested that quartz phenocrysts in the porphyry 
had been dissolved raised the question whether 
fluorine had not been active in secondary altera­
tion and whether its source was to be sought not 
only in fluorite but also in sericite. It is well 
known from analyses that mu!?covite carries 
fluorine, but its presence in sericite has not been 
supported by so much evidence. Sjmrr 20 has 
argued that fluorine is necessary for the forma­
tion of sericite, but his tests were not convincing 
as to the fluorine content of sericite, though its 
presence. to the amount of 0.12 per cent in a 
specimen (which contained no sericite) indi­
cated that the waters which altered the reck 
contained it. 

Belie;ing that the influence of fluorine ~ay 
·be very potent in both the primary and the sec­
ondary alteration of the rocks, the writer ·se­
lected a typical seriGite vein for analysis, and 
the presence of fluorine in the sericite was defi­
nitely ·established. 

The spacimen chosen for analysis was part of 
a replacement vein about 1 inch thick, typical 

11 Clarke, F. W ., The data of geochemistry, 4th ed.: U. S. Geol. Survey 
Bull, 695, pp. 596-597, 1920. 

1s Lindgren, ·waldemar, Metasomatic processes in fissure veins: Am. 
lnst. Min. Eng. Trans., vol. 30, p. 608, 1901. 

19 Bischof, G., Lehrbuch der chemisGhen und physikalischen Geologie, 
2d ed., vol. 1, pp. 31 et seq., p. 44, 1863. 

20Spurr, J. E., Geology of the Tonopah mining district, Nev.: U. S. 
Geol. Survey Prof. Paper 42, pp. 232-233, 1905. 
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of countless similar veins that traverse the 
fractured altered ~ocks. Its mineralogy was 
simple, as it consisted of quartz, sericite, and 
pyrite. After the specimen was freed from 
as much pyrite as possible the following re::. 
suits were obtained on analysis: 

Analysis of specimen from replacement vein. 

[George Steiger, analyst.] 

Silica ~Si02) .......................... 68.11 
AlumiJ.la (A120 3)., ................... 16.84 
Ferric oxide (Fe20 3).. .. .. .. .. .. .. .. • • SO 
Ferrous oxide (FeO)................. 3. 53 
Lime (CaO)......................... . 44 
Magnesia· (MgO) . . . . . . . . . . . . . . . . . . . . . . . . 50 
Soda (Na20)...... .. . . . . . . . . . . . . . . . . . . . 44 
Potash (K20)........................ 4. 08 
Sulphur (S~)......................... 3. 1~ 
Fluorine. (F)........ . . . . . . . . . . . . . . . . . . 09 

97.98 

The mineral composition computed from this 
analysis is quartz 45.30 per cent, sericite 46.09 
per cent, pyrite 6.68 per ce_nt, and by allotting 
all the fluorine to the sericite it may' be shown 
that this mineral carries .. practically 0.20 per 
cent of fluorine, a notable amount.! 

Thus as the sericite generally contains an ap­
preciable amount of fluorine, the explanation of 
the breaking down of feldspar by hot waters . 
alone or by carbonated waters may be consid­
ered simply as a supporting argument for a far 
more potent cause-that is, the presence of flu­
orine in the primary solutions.21 

.PYRITIZATION AND THE INTRODUCTION OF 
COPPER. 

be observed penetrating grains of pyrite, but 
this is unusual and indeed would seem to point 
to no more than contemporaneity of origin at · 
that place. There is no evidence to be · 
gathered from the thin sections to support the 
view that the pyritization was decidedly earlier 
than the sericitization and that the sericitiza­
tion was a late phenomenon, a~ is held by 
Rogers,Z2 who concludes that "Sericite is a 
rather low-temperature mineral formed at or 
toward the close of the hydrothermal period."· 

The pyrite varies greatly in amount. It is 
most abundant in strong veins where circula-

Quartz (secondary) 

I~ I Minute veinlets_~f pyrite 

Soft white sericitized 
and kaolinized porphyry · 

~'IGlJ.RE 8.-Minute ''emlets of pyrite accompanied by ·quartz cutting 
· sericitized porphyry. · · 

tion has been very active. At certain places 
within the Breccia ore body pyrite is ex­
ceptionally abundant, solidly filling spaces 
several feet. in diameter, between fragments of 
the· breccia. 

COMPOSITION OF. THE SOLUTIONS. 

If, as shown above, the primary alteration of 
the rocks consisted in the formation of sericite, 
quartz, and pyrite, accompanied by fluorite, · 
epidote, calcite, and chlorite, it may pertinently 
be asked, What was the nature of the·solutions 

The silicification and sericitization of the 
rocks was accompanied in many places by 
pyritiz~tion and the introduction of copper, 
probably in the form of finely disseminated 
chalcopyrite. The pyrite accompanies quartz 
in numberless veinlets and veins (see fig. 8) 
and also impregnates the wall rock. In. fact, 
thf:}rf:} is ev.ery reason to believe that the sUlphur 
needed to form the pyrite was an· element in 
the solutions which carried the potash necessary 
for the formation of sericite. The outline of 
pyrite gram:s within the wall rock of veins is 
usually sharp, .transacting quartz, feldspar, and 
sericite alike, suggesting that the mineral was that p~rfor~ed _the_ work~ No analyses of the 
formed during a late stage of the metamorphism. rocks 1n this di~trwt ha_ve been made. _ This 
It is true that in some places sericite blades may f course w.as demded upon after careful cop.-

1 

sideration of' results in other places where 
11 Paige, Sidney, and Steiger, George; Fluorine in sericitization: Wash- · 

ington Acad. Sci. Jour., vol. 8, pp. 234-239, 1918. 22 Rogers, A. F., Econ. Geology, vol. 11, p. 145, 1916. · 
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ORIGIN OF THE SOLUTIONS. almost preci$ely similar associations or rocks. 
and metamorphic processes prevail. It has 
been. shown that in such districts potash has · The typ~ 9f alteration just de_scribe~l implies 
been ~ntroduced while soda, lime, magnesia, and t~~ movement through the rocks of great quan­
alumi?a were removed; also that sulphur has titles of . aqueous solutions. It is futile to 
been Introduced while the proportion of quartz ·attempt an absolute proof of. the origin of these 
apparently remained about stationary. 'solutions from deep-seated igneous rocks, but 

It· is believed that in the Tyrone district: that they did so originate is for many reasons 
fracturing was the fo.rerunner of metamorphism the most probable hypothesis. Alteration of. 
and that the degree of the one influenced the this type is characteristic of fractured zones 
degree of the other; and as the intensely ne~r and within. intrt_Isive bodies chemically 
f~a~tured_ zones contain great quantities of allied to th~ one at Tyrone throughout a wide 
VISible vein quartz and afford evidence 'that the territory in the western United. States and 
walls o~ numberless veins were replaced by other parts. of the continent. It has been 
quartz It does not seem possible to believe ·shown that fracturing probably soon followed 
that the silica present in the original rock at .intrusion. Igneous dikes cutting the main 
any particular level was sufficient to account mass indicate waning igneous activity. That 
for the quartz which may be observed. The ·aqueous solutions should c«;:mtinue ·to be given 
same conclusion' is believed to be warranted off from lower portions of a fractured consoli­
as regards the iron in combination with sulphur dated magma is reasonable, and there is noth~ 
to form pyrite. Although the iron of the ferro- ing in the nature of the elements which these 
magnesian minerals, biotite and hornblende. 'olutions have been shown to contain that 
did com~in~ with sulphur to form pyrite, as is opposes this view. Indeed, the presence of 

. clearly Indwated where these minerals are fluorite and less conspicuously of apatite in 
altering to chlorite, sericite, pyrite, ·and quartz, veins indicates a magmatic source of the solu­
yet the large quantities :of iron necessary to · tions; · The intensity of the alteration indicates 
form the pyrite of the heavy veins must, in hot or at least warm waters. It is true that 
part at least, have come from below. ·surface water might sink and later become 

·If for a moment the more obvious nature of heat~d, but there is nothing to show that thi~ 
the reactions involved is considered, some idea : occurred here. Any hypothesis which assigns 
of the e~ements in solution· may be obtained. such alteration and mineralization to meteoric 
If, for exa~ple,. potash was being exchanged circulation must explain when and how the 
for soda, hme, and magnesia, then all these various substances needed were taken up ~nd 
elements must have been present in the. solu- should cite evidence that such water at great 
tion, for at .no particular point could it be depths exists and facts to prove that it could 
determined· that any of them was· depleted. circulate through approp;riate channels. 
That some of the iron or alumina or soda may The associa.~ion of springs with ·volcanic 
have been picked. up below and that some activity,, th,e admitted and proved c~nt~nt of 
potash may have 'been lost below can not be w:ater in igneous magmas, and the connection 
denied. In fact, that the solution was eon- l?etween igneous magmas and volcanic activity 
stantly varying .in ,character as the reaction all point to the .conclusion that such solutions 
·went. on seems a necessary ~onclusion. Thus as are here considered wete ·probably the last 
c?Iiceived; it would seem that sodium, potas- expression of a period of magmatic injection. 

s~~m, ·magnesium, iron, sulphur, copper, zinc, 
sihca,· ·an.d fluorine were all present. That 
under the conditions that prevailed the solution 
was nearer concentrat~on by potash than by 
a:ny other of these elements would seeni axio ... 
matic from the sericitization of the rocks. It 
is also apparent .that progressive enrichment 
of sodium and lime would take'· place in the· 
solution. 

ALTERATION. · 

GENERAL CONDITI~NS. 

For a long time, perhaps ~uring more .than 
one period of erosion, rain water has been falling 
upon the surface of .the. altered rocks of the 
Tyrone district. . These. rocks when first ex­
posed to erosion were composed essentially of 
feldspar, quart~~ sericit~, ·a~d .PJiite, with·' a 

• 
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small percentage of chalcopyrite. They are I desert and Deming. The cross sections in 
now very different. That part of . the rain· 

1 
figures 9 and 10 clearly bring out these ·facts. 

water which sank beneath the surface hi1s pro-~ Sections approximately north and south along 
duced important changes. ' the Mangas Valley show that the water level 

At the surface in the place of pyrite there are . beneath the gravel does not vary more than 60 
at the present time .limoni~e and hcn1atite· in feet in elevation, whereas the elevation of the 
great abundance, kaolin, and in sparing surface may vary several hundred feet. This 
amounts the oxidized copper minerals, mala- is to be expected. The gravel that fills the 
chite, azurite, chrysocolla, ·cuprite, etq. N a- Mangas Valley is porous, and water falling 
tive copper occurs in a few places. Lower down there easily finds its level. The gentle up­
there is pyrite coated with chalcocite or ward slope of the ·water table toward the west 
wholly replaced by it; in places this is the pre- corresponds almost exactly with the slope 
dominant mineral. Still deeper it becomes of the rock surface that borders the gravel 
.less conspicuous, and the unaltered pyrite is the deposits and reaches the Big Burro Mountains., 
only sulphide visibly present. ' Such an accordance of slope and the fact that 

The factors that control the speed and at other points the level of water corresponds 
thoroughness ·with which such a change takes proves that the rock here also is saturated 
place are physical. The depth to which oxida- below a rather definite level. Its porosity, 
tion. ~an be effective is governed, first, by the however, is due to fracturing. 
fractures oi.n the rock; second, by the position The position of· this water table does not 
of the ground-water table, below which oxida- 'apparently bear any significant relation to the 
tion does not occur to an important degree. position of _maximun1 enrichment of the chal­
The thoroughness of the process is dependent cocite ores. (See cross sections, figs. 9 and 
upon the ease of circulation and the quantity of 10.) At some places enrichment ceases above 
water supplied. Under ·stabJe · conditions, the water table; at others the position of. 
which are seldom if ever realized, all the copper maximum enrichment corresponds with the 
would ultimately be deposited as chalcocite water table; at still others it descends well 
near the water table. Thus viewed, the block below the water table. This variation sug­
of ground between the surface and the water gests that ·when the ores were formed the. posi-

. table has acte.d in a measure as a great selective tion of the. water table was qui~e different 
filter through which rain water leaching out the from that of t<;>-day. ·Moreover, there are 

· coppet: from higher levels has pr~cipitated it places in the mines where barren sheeted zones 
again within narrower limits below.. The proc- carrying limonite and quartz. cut through and . 
ess, however, is a chemical one. · below bodies of. chalcocite ore. Such evidence 

Several factors have served to complicate supports the idea that the conditions that 
the orderly oxidation of the mineralized rocks. govern enrichment to-day are radically differ­
First, the topography and· undergro·und drain- ent from those that prevailed when the chal­
age in this regi~n have not alway$ been as they cocite ores were being formed at the levels · 
are to-day. In consequence, the position of where they are now found. This discordant 
ground w·ater has shifted from tim~ ·to time. relation of ore to ground water is further em­
Second, the degree of fracturing varies greatly phasized by a consideration of the chalcocite 
in different parts of the rock body, and circu- in relation to primary p·yrite. The depth to 
lation has therefo~e been irregularly distributed. which chalcocitization has been effective yaries 

greatly, and the bottoms of the ore bodies are GROUND WATER. 

The records of a number of drill holes pro.ve 
that at the present time ground water .thor-

. oughly saturates the rocks below a rather 
definite level. This nearly plane surface slopes 
gently from the country \vest of Tyrone to 
the Mangas Valley, beneath whicP. it is nearly 
horizontal. It slopes gently northward down 
the Mangas Valley and southward toward the 

96105-22-3 

very irregular ~urfaces. · · 

PERIODS OF ENRICHMENT AND CHANGES IN 
THE LEVEL OF GROUND WATER . 

... An explanation for the conditions described 
above must be sought in the geologic history 
of the region. Fortunately the broad studies 
of the Silver City quadrangle afford some basis 
for such an explanation. 
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COPPER DEPOSITS OF THE' TYRONE DISTRICT, NEW MEXICO. 

Evidence is clearithatP'ertiary lavas fl<;>oded 
a country of irregular relief, alre~dy eroded 
to sufficient depth to expose the mineral~zed 
quartz monzonite at Tyrone. At that time, 
however, the outcrops of the monz~nite stood 
higher than at present and formed. no such 
even plain as is indicated by the topography 
of to-day. Enrichment began, therefore, well. 
before the lavas appeared. 

The position of the ground water at th,at 
time can only be conjectured, but it is reason­
able to suppose that the water table was more 
irregular than at present, for the topography 
was more rugged. This supposition is also 
supported by eviden:ce furnished by drill 
records in the ~yrone district, for the bottom 
of the enriched ore is extremely irregular and 
clearly was not determined by any particular 
level of ground water-that is, the chemical 
activity of the descending solution that formed 
the ore was not halted by the presence of any 
regular sheet of underground water. Evi-
. dently the chalcocite never came into· contact 
with such water. The maximum depth at 
which it was deposited was determined by 
other factors than the presence of a water table. 

How far enrichment proceeded before la~a 
flooded the country is not known, but such 
flooding must have very effectually retarded 
the processes of enrichment. This pre-lava 
enrichment may be considered the first stage 
in the developme:q.t of the ore .bodies. Then 
followed a long period during which the rocks 
were again being stripped from above the min-= 
eralized area. During this second period of 
erosion conditions of·· the underground water 
were surely different from those that prevailed 
during the· first period, and probably during 
this stage of the formation of the. ores the 
leaching so evident in the ·mines occurred. It 
is ·conceived that the new conditions of erosion 
and underground drainage set up by this lava 
flooding and the crustal adjustments that 
probably took place incidentally. thereto may· 
account fo:r this leaching, which is so difficult 
to explain otherwise than by referring it ·:to 
some period wherein the physiographic control 
of drainage was radically different from that 
of the present. These leached zones, within 
which steeply dipping sheets of ground con­
taining essentially only limonite and quartz 
descend far below present water levels, pass 
through the ore bodies and well in to regions of 

unoxidized pyrite. This period of post-lava 
leaching may be considered the second stage; 
it probably passed by insensible gradation into 
the third stage. 

An essential initial condition of this third 
stage must have been the outlining of. great 
structural undrained basins as a result of 
warping an.d faulting. There is evidence that 
this condition was reached slowly. For ex­
ample, the drain&ge of the Little Burro Moun­
tains points clearly to a gradual rise of these 
mountains. The streams cut. directly across 
the mountains. As the block rose the streams 
were able to cut their channels down equally 
fast. It may well be that the raising of this 
block impounded. the ground water and caused 

·it to rise in the Tyrone area. 
Then began the great accumulations of 

gravel now so widely distributed, occupying 
these great inclosed basins. ~he underground 
drainage, formerly so free, now underwent a; 

gradual change.. Extensive plana ted surfaces 
sloping gently to the edge of the gravel de­
posits from the mountains were formed. These 
surfaces were cut in rock. Their formation, 
as has been pointed out in the chapter on 
physiography (pp. 19-22), was directly brought 
about by the accumulating gravel deposits. 
These surfaces are in the nature of peneplains, 
with the difference that during their formation . 
the level toward which erosion tended to lower 
them was gradually rising. The portion of 
these plains farthest removed from the gravel 

. deposit was the portion moreperfectlyplanated. 
It is evident that while such plains were 

being cut along the borders o~ the gravel 
deposits the grou;nd water beneath the gravel 
rose gradually as the gravel filling proceeded 
and extended beneath hard rocks where these 
were fractured, up the slopes of the planated 
rock surface, as it does to-day. It is equally 
evident that 'as soon as ground water reached 
a particular level in the mjneralized pyrite 
zone enrichment ceased below that level. 
The areas covered first by the gravel, there­
fore,· were the first in which enrichment be­
came· inactive.· The area farthest away from 
the gravel sheet remained subject to enrich­
ment the longest. With this relation in mind, 
it is a striking fact that the richest ores of the 
Tyrone district are to the west, at the maxi­
mum distance from the gravel sheet, also that 
they are the shallowest. Their richness may 
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well be due to their relatively prolonged period 
of enrichment; their shallowness may well 
be due to the higher stand of the ground water; 
for the ground water slopes upward. toward 
the mountains on the borders· of inclosed 
desert basins, and probably here it always 
stood higher than toward the valley. 

· Physiographic evidence elsewhere within the 
Silver City quadrangle shows that deposits. of 
gravel extended· well up the slopes of such 
planated rock surfaces as are being considered 
here, and it is reasonable to ·suppose that 
ground water at such times 13tood higher than 
it does to-day-that is, the chalcocite zone at 
Tyrone was probably onc·e flooded even more 
than it is at present. Direct evidence on this 
point consists in iron-cemented gravels lying 
upon the porphyries. These indurated de-

in the topography to-day. During ·this stage 
faulting . ,was probably very active, and 
the particular block of ground here con­
sidered is believed to· have been tilted to the 

. east, having been b;oken along the fault that 
borders the west side of the Little· Burro 
Mountains. Such tilting would have the 
effect of raising the chalcocite zone on the 
west side of the block with reference to ground 
water, while relatively lowering it on the east 
side. Here again, therefore, enrichment was 
more favored to the west than to the east. 

This period of erosion, however, while in all 
probability it served to enrich portions of the 
ore bodies-for example, those under hills­
resulted in a second period of impoverishment 
of other portions, such .as the leached ground 
In valleys, consequent on the erosion which 

FIGURE B.-Relation of iron-cemented gravel to ground-water level. Fluctuations in the level of ground water may thicken the cemented 
portions, and erosion with accompanying lowering of ground water may expose such accumulations at the surface, as found in the Tyrone 
district to-day. · · 

posits are precise markers of horizons where the 
top of ground water passed from solid rock 
into grav'el. (See .fig. 11.). They occur where 
water,. passing into porous gravels from the 
more solid rock, deposits a portion of its iron 
content as liillonite. Such deposits iq. . the 
Tyrone district therefore proye not only that 
the gravel extended farther west ·than at 
present (these deposits are now at the edge of 
the gravel), but that the ground ·water once 
stood much higher, for it is now far below these 
deposits. This high stand of ground,~ water 
may be considered the culmination· of the 
third stage of enrichment. 
. The fourth stage in the developmeil-t of the 
ores was initiated by· the movements that 
t~pset conditions producil)g .aggradation and 
brought about the. dissection both of ··the 
gravels and of the planated rock surfaces, the 
marked effects of which are so prominent 

· they have suffered. Thus the fourth stage 
in the development of the ore bodies is brought 
up to the present time, when leaching and 
enrichment are both going on _above the 
ground-water table. Should conditions re­
main stable f9r a long p~riod, a concentration 
of chalcocite will be brought about near water 
level. . 

FORMATION O;F CHALCOCITE. 

The study of the chalcoc~te ore bodies at 
.Tyrone leaves little room for doubt that they 
were produced by enrichment. Although the 
lower portions of many ore bodies could not be · 
examined, being under water, it is believed 
that no facts of particular importance would 
have been discovered had these portions been 
accessible, for there was an opportunity to 
observe both the top and the-bottom of several 
chalcocite ore bodies, and there is no' reason 
to believe that others were essentially different. 
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The primary sulphides are pyrite and a very 
small amount of chalcopyrite. The chalcocite. 
replaces to various degrees both of these min­
erals. (See fig. 12.) .Usually above an ore: 
body there is a zone of leached ground in which · 
sulphides are lac,king. ~till higher there may 
be carbonates and oxides, near or at the sur­
face. In other places the chalcocite zone -is 
surmounted imm~diately by oxides and car­
bonates, no harren zones being present. 

At various depths the chalcocite zone merges 
with the zone of unaltered pyrite, and here 
there are in places prominent veins of kaolin­
like products metasomatically replacing the 
pyritized porphyry. 
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FIGURE 12.-Pyrite coated with chalcocite einbedded on and in veins. 
in sericitized parphyty. 

The explanation of entichment is found in 
the chemical interaction of rain water and the 
primary sulphides contained in the porphyry. 
According to Spencer, 23 

Rain water carries in solution the various gases of the 
air, including oxygen· and _carbon dioxide. In arid and 
semiarid regions it contains also noteworthy amounts of 
common salt, which may be regarded as of wind-blown 

. origin. As these waters pass ._into the soil and into the 
porous weathered capping that lies above the ore mass 
they come into contact with orthoclase and mica and with 
oxidic compounds of iron and copper and basic carbonates 
of copper. (Note. here that the. process being described is 
that in progress at the present time and does not begin 
with the tmoxidized pyrite .. The result is, .however, 

essentially the same, as will be pointed out below.-
A. C. S.) . . 

Metallic copper and the red oxide cuprite are also fairly 
common in the overburden. The silicate minerals in the 
capping tend to make the water alkaline,24 but as they are 
only slightly attacked, this tendency is· likewise slight. 
Of the metallic minerals in the capping, those containing 
sulphate decompose, being somewhat soluble, the final 
result. being to produce and to leave in place. insoluble 
limonite and copper carbonates and to furnish small 
amounts of iron and potash sulphates to the solution. 
Thus far the dissolved oxygen does not enter largely into 
reaction, because most of the minerals of the capping are 
already fully oxidized. The only exceptions to. be noted 
are cuprite and native copper. Also, the carbonic dioxide 
has been by no m'eans exhausted. Beneath the capping 
the solution encounters material rich in sulphide:minerals 
that are subject to ready oxidation. Here, then, :chemical 
action between the oxygenated water and the sulphidl3 
minerals ensues, a series of reactions being initiated, of 
which series the culminating reactions involve the deposi­
tion of chalcocite. At first the water contains·.free sul­
phuric acid furnished by the decomposition of pyrite, but 
gradually the acid becomes neutralized by bases furnished 
by the gangue minerals, and at sufficient depths the solu-
tiOiis become alkaJine. . 

In. the Tyrone mines, however, prominent 
veins of kaolin below the zone of chalcocite 
enrichment indicate the presence of free sul­
phuric acid. As the formation of chalcocite is 
accompanied by the formation of sulphuric 
acid, this condition would seem normal. 
Spencer continues: 

If considered with respect to the minerals decomposed 
the reactions that occur beneath the capping present a 
succession of oxidations, whereas if considered ·with 
respect to the active solution the changes are of course as 
cQnsistently in the direction of reduction. The reactions 
may be considered in three groups, assignable in a general 
way to higher, intermediate, and lower positions in the 

· body of sulphide-containing material. In the upper part 
of a~ sulphide ore body atmospheric oxygen is the oxidi~ing 
agent; somewhat lower down, where free oxygen has been 
exhausted, ferric sulphate becomes· active; and after the 

·oxygen made available by this carrier has heen utilized 
cupric sulphate furnishes oxygen. The action of cupric 
sul'J!hate 25 on pyrite and ~halcopyrite results in the deposi­
tion of chalcocite and the consequent enrichment of the 
material carrying the primary sulphides. 

No attempt will be· made here~ to review 
numerous experiments in chalcocite deposition 
undertaken during the last decade or earlier. 
Th~s has alre'ady been done by W. H. Emmons.26 

21 Cameron, ·F. K., and ;Bell, J. M., U.S. Dept. Agr. Bur. -Soils Bull. 
30, pp.12 et seq., 1905. Clarke, F. W., The data of geochemistry, 4th ed.:. 
U. S. Geol. Survey Bull. 695, pp. 473-478, 1920. · 

2s Italics by the writer .-S. P. 
2a Spence.r, A. c., Chalcotite enrichnient: Econ. Geology, vol. 8, pp. ·1 2a:The enric~ment of sulphide ores: U.S. Geol. Survey BJ1].1. 529, ~913; 

622-624, 1913. i The enrichment of ore deposits: U. S. Geol. Survey Bull. 625, 1917. ' 
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The results of investigation h~ve prog:r:essively 
tended .toward harmonious conclusions. The 
progress of the theory of chemistry has been 
rapid' during this same period. Electrochem­
istry, knowledge of the nature of colloids, ~nd 
the app~ication of physical chemistry to prob­
le:Qls of .ore deposits have all advanced rapidly. 
rrhe s~~mary which follows will present only 
those formulas which seem to· offer an explana­
tion of the changes involved.· Stated for the 
first tim~ in an orderly arrangemen't by A. C. 
Spencer in 1913 (though in part naturally 
based on the wor~ of his predecessors), these 
formulas have been supported in ·part recently 
by the fundamental work of the Geophysical 
Laboratory at Washington.27 Spencer inquires 
"whether the oxygen dissolved in rain water 
could alone have effected the oxidation of the 
mass of material which has contributed the 
secondary copper now contained in any given 
ore body." He answers this query in the 
negative, presents data to support his conten-

. tion, 28 and concludes that "a large part of the 
oxygen must have been derived from air that 
circulate-d through .the oxidized capping" and 
that "the greater part of the oxidation must 
take place during such times as the sulphides 
are merely moist rather than when ·they are 
flooded, because . then the water could receive 
oxygen from the air in con,tact with ·it~ at the 
same rate at which oxygen is being taken out 
of sohJtion by the reaction of oxidation." 

That part of Spencer's analysis of the process 
that has direct application at Tyrone -is quoted 
below.29 His analysis falls into three parts­
first, the changes wrought by free. oxygen; 
second, those produced by ferric sulphate, 
where free oxygen is no longer available; third,. 
the oxidittion by cupric sulphate, . the last 
oxidizing agent. .To this sequence of chemical 
reac~ions may be added the final ·.stage of 
secondary rock alteration, the kaolinization of 
the primary ore material by sulphuric acid, 
nctive below the chalcocite zone. · · 

-·· OXIDATION BY l<'REE OXYGEN. ~ 

Beneath the capping the sulphides first encountered by 
waters that carry dissolved oxygen are pyrite and chal­
copyrite. Jtist at the top of any porphyry ore body grains 

f1 Zies, E.G:, Allen, E. T., and Merwin, H. E., Some. reactions involved 
In secondary copper sulphide enrichment: Econ. Geology, vol. 11, pp. 
4{)7-503, 1916. . 
~ Spencer, A. C.; op. ci.t., p. 631. 
29 .Spencer, A. C., op. cit., pp. 632 et seq. 

of these ·minerals ·persist after the removal of chalcocite 
coatings which they carried at a time when the bottom of 
the capping was slightly higher than at present. Here, too, 
is'to be found some pyrite whi~h never carried more than 
the slightest coating of chalcocite. 
· The sulphides named are of course readily decomposed 

by the oxygen-bearing solution. * * * The complete 
oxidation of pyrite may be considered as taking place 
in some such manner as represented in the derived 
equation (1). 30 

FeS2+150+H20=l~e2(S04)~+1}2S04 .-.- · •• - .(1) 

For chalcopyrite, (2) is an equation essentially analo-
gous to (1): · 

2CuFeS2+160+H2S04=Fe(S04) 3+CuS04+H20 .. (2) 

Part of the ferric sulphate formed at the upper surface of 
the body where free oxygen is present decomposes to form 
basic iron sulphates and hydrated iron oxide; another · 
part may be supposed. to pass downward in solution and to 
attack pyrite, chalcopyrite, and chalcocite. The forma­
tion of iron hydroxide may he represented in various ways­
for example, as follows: 

The equations which have been given indicate that the 
decomposition of pyrite yields sulphuric acid ~nd ferric 
sulphate. Under natural conditions solutions carrying 
these substances come into contact w~th chalcocite only a 
short distance below the po!nt where pyrite and chalcopy­
rite were first encountered. Here, if any free oxygen re­
mains, chalcocite is decomposed, wl.th the formation of 
cupric sulphate: 

'l'he reaction indicated by this equation ·uiay be con­
sidered as using up the last of the free oxygen which can · 
reach a body of enriched porphyry ore under ordinary con-. 
ditions. At points imniedi~itely below those where the 
free oxygen has been entirely consumed, ferric sulp~ate 
and cupric sulphate are present. Both these compounds 
are capable of oxidizing the sulphides, but the former is 
more readily reduced .than the latter, and it may be sup­
posed to undergo almost complete reduction to ferrous 
sulphate before the latter can come into play as an oxidizing 
agent. 

OXIDATION BY l''ERRIC SULPHATE. 

* * * According· to Vogt 31 the action of ferric sul­
phate on chalcocite, :-which would come into play below 
the shell of nearly complete oxidation, is as follows: 

Cu2S+2Fe2(S04h=4FeS04+2CuS04+S--. -·- .(4) 

ao Compare Stokes, H. N ., On pyrite and marcasite: U.S. Geol. Survey 
Bull. 186, pp. 15, 19, 1901;·~indgren, Waldemar, Copper deposits of the. 
Clifton-Morenci distriCt, Ariz.: U. S. Geol .. Survey Prof. Paper 43, P.· 79, 
1905 (this author gives ari extended bibliography relating to pyrite 
oxidation); Allen, E .. T., ~tilphides of iron and their genesis: Min.and 
Sci. Press, vol. 103, pp. 41~14, 1911; Gottschalk, V. H., and Buel).ler, 
H. A., Oxidation of sulphides: Econ. Geology, vol. 7, p.16, 1912; Tolman, 
C. F., Secondary sulphide enrichment of ores: Min. and Sci. Press, vol. 
42, p. 4{), 1913. . . . . 

n Vogt, J. H. L., Problems in the geology of ore deposits: Am. Inst. 
Min. Eng. Trans., voL31, p. 166, 1002. 



36 COPPER DEPOSITS OF THE ~ONE .DISTRICT, NEW MEXICO • 

.. ··But if the sulphur set free reacts .with more ferric· sul­
phate S02 might be formed, and· with still more ferric sul­
ph;:tte sulphuric .acid will result, and eventually we may 
arrive at the equation suggested by Weed: 32. 

Cu2S+4H20+5Fe2(~04)3=10 FeS04+4H2S04.+2CuS04 •. (5) 

·* * * * * 
The saine reagent, ferric sulphate, may be considered as 

acting on pyrite in.· a manner represented ·more or less 
adequately by equation (6): 

FeS2+7Fe2(S04) 3+8H20=15FeS04+8H2S04 ••••• (6) 

It is to b.e noted that equation (6) is comparable with 
equation (1). Fo~ chalcopyrite an expression similar to 
(6) is: · 

. CuFeS2+8FeiS04) 3+8H20=17FeS04+8H2S04+CuS04 

* * * * * 
(6a) 

·).'he fonigoing discussion should make clear the follow­
ing points: 
· First, that waters from the surface penetrating a body.of 
'porphyry ~re wiil continue to decompose strongly the 
m~tallic sulphides present so long ·as they contain or can 
acquire free oxygen, or so long as they contain ferric sul­
phate .. Second, that where chalcocite, pyrite, and chal­
copyrite are all present the chalcocite will be largely and 
p'erhaps fully decomposed before the other minerals were 
attacked. Third, that the decomposition of chalcocite, 
pyrite, and chalcopyrite effects the reduction of ferric· 
salts contained in the solution. Fourth, that the decom- · 
position of pyrite, chalcopyrite, and chalcocite each tends 
to :produce sulphuric acid. · Fifth, that the decomposition 
of chalcocite and of chalcopyrite furnishes cupric sulphate 
to the f;!Olution. Briefly, then, when oxygen-bearing 
waters reach the upper part·of the mass of sulphide-bearing 
rock the consumption of the .dissolved oxygen begins at 
once, and before the waters can progress downward for any 
considerable distance all of this.free 'oxygen is used up' in 
decomposing the sulphides. Also within a, short distance 
ferric sulphate is largely reduced to ferrous sulphate. 'So 
long as free oxygen is present the decomposition of chalco­
cite will progress until no sulphuric acid remains uncom­
bined. It should be added that cuprous and ferric ions 
are always- present in small concentration 33 in any. solu­
tion containing clip.ric and ferrous sulphates. 

OXIDATION BY CUPRIC SULPHA'l'.E. 

The progress of the surface-derived waters has ,been fol­
lowed to the point where they contain no free oxygen and 
only a minor amount of ferric sulphate but where they 
carry ferrous sulphate, cupric sulphate, and sulphuric acid. 
Thus far on its downward journ,ey it may ·be assumed 
that the cupric sulphate has heeil protected from reduc­
tion because at ordinary temperatures and in acid solu­
tion it is less readily reduced than· ferric sulphate. 34. 

a2 Weed, W. H., Enrichment of gold and silver veins: Am. Inst. Min. 
Eng. Trans., vol. 30, p. 429, 1901. 

aa Stokes, H. N ., Experiments on the solution, transportation, and 
deposition· of copper, silver, and gold: Econ. Geology, vol. 1, pp. 644-650, 
1906. Wells, R. C., Discussion of secondary enrichment: Econ. Geology 
vol. 5, pp. 481-482, 1910. 

a4 Stokes, H. N., Econ. Geology, vol. 1, .P· 646, 1906._ 

. ·Beyond the place where the ferric sulphate concentration 
in .the solution has been reduced to a certain mirumum, 
cupric sulphate coines into play as an oxidizing agent. 
* * * Cupric sulphate attacks chalcopyrite and pyrite 
at· ordinary. temperatures, so that iron passes into solution 
as ferrous sulphate, sulphuric acid is formed,· and a copper 
sulphide is deposited. The last part of this statement is 
supported by the fact that c~vellite and chalcocite are 
cqmmon products in nature where copper sulphate solu­
tions from the upper zone of oxidation have encountered 
pyrite and chalcopyrite. * * * 

. The Stokes equation for chalcocite formed by replace­
ment of pyrite through the action of cupric sulphate may 
be built up empirically. * * * Thus: · · · · 

.2FeS2 +.2CuS04 =Cu2S+2FeS04+3S 35 

3S+2CuS04~Cu2S+4S02 36 

. 6H20+5S02 +2CuS04 =Cu2S+6H2S04 

12H20+5FeS2 +14CuS04+8Cu2S+5FeS04 +12H2S04 a; 

In a similar manner the following equation indicating 
the rep~acement of pyrite by covellite may be deduced: 

4H20+4FeS2+.7.CuS04=7CuS+4FeS04+4H:.~SO~ .. 

As thus derived each of the Stokes equations appears to 
summarize a succession of qxidation effects. · 

The replacement of pyrite by _chalcocite has 
befm recently made the subject of painstaking 
quantitative chemical alnalysis by Zies; Allen, 
and Merwin.38 Their results agree perfectly 
with the formulas given ·above representing the 
ciuinges pyrite to chalcocite and covellit.e to 
chalcocite. 

Spen{(.er notes that ;; the supposed change 
covellite to chalcodte under the action of 
cupric sulphate has not been established :by 
experiment i~ which essenti_ally pure natur.al 
covellite was used." Nevertheless, by an anal­
ysis of critical formulas 39 he evolves the equa-

. tion 

5CuS + 3CuS04 + 41120 ~ 4Cu2S + 4H2S04 

remarking that the establishment of this eq u·a­
tion would be of noteworthy importance in the 
theory of chalco~ite deposition. Since that 
time Zies,· Allen, and Merwin 40 have estab- · 

a~ Vogt, J. H. L., Problems in the geology of ore deposits: Am. lnst. 
Min. Eng. Trans., vol. 31, p. 166, 1902. 

86 As intermediate between this equation and the one foregoing, the 
following reaction should be considered: 4H20+6CuS04+S=3CU2S04+ 
4H2so.. (See Stokes, H. N., op. cit., p. 44.) · 

87.Stokes, H. N., op. cit., p. 22. 
88 Zies, E. G., Allen, E. T., and Merwin, H. E., Some reactions in· 

volv.ed in secondary copper· sulphide enrichment; Econ. Geology, vol. II, 
pp. 407-503, 1916. 

as Spencer; A. C., op. cit., pp. 64Q-641. 
•o Zies, E. G., Allen, E. T., and Merwin, H. E.1 o:p. c.t.1 :p. 425. 
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hshed this equation by refined chemica] 
synthesis and analysis. 

XAOLINIZATION. 

Kaolin or halloysite is common in the mines 
at Tyrone. This alteration product occurs 
along strong f~actures and fault fissures, in 

FIGURE 13.-Association of kaolin with chalcoc~tizatio~ of pyrite. 

brecciated zones, and in anastomosing frac­
tures in the porphyry and granite. It is 
found near the surface and ~ the deepest 
parts of the mines, beneath the zone of chalco­
cite enrichment. (See fig. 13.) 

The form of the veins in which the kaolin is 
found at once suggests that this mineral is 
produced by the decomposition or metasomatic 
replacement of the porphyry and granite by 
descending ncidified waters, and a further con­
sideration of the nature of this chemical 
change stiggests very strongly that fluorine, 
derived from the decomposition of sericite and 
fl.uorite, played a part in the transformation. 

In places in· the Breccia ore body vein sys­
tems of kaolin are without doubt formed by 
Jnetasomntic replacement along what originally 
were minute fractures. The relations of the 
veinlets to the fragments of the brecci'a pre-

. elude the idea that movement has occurred 
along the walls of the veins. Th~ fragments 
are not disturbed by the. fractures: More­
over, the downward pointing of the smaller 

veins clearly indicates th~ direction of the 
movement of the waters that decomposed the 
porphyry. (See fig. 14.) 

One feature connected with the formation of 
these kaolin veins deserves· special considera-. 
tion. It is the observed' fact that quartz, even 
where present as .noteworthy phenocrysts in 
porphyry or granite, yields ultimately, as well 
as the feldspar, to complete decomposition. 
At one place this change was observed with. 
unusual clea~.ness. Here a vein of kaolin 
between two small fractures 'merges at one end 
irito porphyry, while in t;he opposite direction 
the kaolin-like product of decomposition is ~­
creasingly pure. ·Although the quartz was the 
last mineral to yield to <;).ecomposition, there 
was a considerable portion of the vein in which 
quartz was no longer present. (See fig. 15.) 

In seeking to explain what was here clearly 
shown and what all the pure kaolin veins indi­
catec!, namely, that quartz suffered complete 
decomposition in ~he formation of kaolin, the 
possible agency of fluorine was invoked. As 
stated on. page 26, the presence of fluorine in 
the sericite of the altered rock was p~oved; 

FIGURE 14.-Heplaccmcnt of brecciated granite and porphyry (b) by 
kaolin veins (a). The relations indicate simple replacement without 
open fissure filling. c, Matrix of breccia . 

and the mineral fluorite occurs in veins in the 
district and probably was generally present in 
minute veinlets in the altered porphyry. 
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Thus a vein known as the "fluorite vein" and the inert hydrofluosilicic acid (H2SiF 6) 

occurs about 160 feet north of the old No. 1 going. again into solution, to eombirie again 
shaft of the Chemung Copper Co. The fluorite with alkaline bases. -
is several feet in thickness and may be traced Now, the alteration of sericite to kaolin 
100 feet or more·. Just above the Thompson has been observed. and recorded by many 
shaft in Big Murry Gulch there is a vein carry-· investigators. Nevertheless, sericite is a very 
ing 6 or 8 inches of fluorite. These two occur- stable mineral, probably quite as stable as the 
rences indicate that fluorite may welfhave been ·alkaline salts formed by the evaporation of 
abundantly deposited as a primary vein mineral, hydrofluosilicic acid~ But it is to be expected 
for though it was not noted in other places, I t~at these salts will yield to decomposition by 
this apparent scarcity is due to the reactions acidified waters, like sericite~ and there is 
which theoretically should occur between reason to believe that fluorine will be again 
:fluorite and the descencFng acid waters of 

1 

and again set free, .so long as sulphuric acid 
the zone of oxidation: fluorite would be re- waters are operating. 
moved. Fluorite is decomposed· by sulphuric Thus the mass of sericitized porphyry, 
acid, with the formation of calcium sulphate originally perhaps containing veinlets of fluor- . 
(CaS04) and hydrogen fluoride (HF), and hy- ite, yields fluorine from two sources-from 
drogen fluoride unites readily with silica to ; sericite an~l from fluorite-and ·this potent 

form water and silicon tetrafluoride (SiF4), a 
gas soluble in water. Silica would thus be 
attacked and carried off. It is known that 

SiF4+ 4H20 = Si(OH) 4 + (4HF) 
(41-IF) +2SiF4 = 2H2SiF6 

3SiF4 + 4I-I20 = Si(OI-I) 4 + 2H2SiF6 

Thus silicon hydroxide and liydrofluosilicic 
acid are formed. The latter compound is 
stable only in water· and. is inert so far as 
attacking quartz is concerned. In the rock~ 
under discussion· here it would probably form 
alkaline salts. On evaporation of the water,· 
however, silicon. tetrafluoride (SiF4) would 
again be formed and the nrore or less insoluble 
alkaline salts. would be deposited. Whether 
the silicon tetrafluoride (SiF4). set free would 
on ~ecombining with water again produce the 
active agent hydrogen fluoride· (HF) is not 
known. More probably the process outlined 
above would be repeated, a certain portion of 
silicon hydroxide (Si(OH) 4) being deposited 

agent no doubt was active in the formation of 
kaolin. Considered from this angle, the lie a vy 
"gouges" of kaolin-like material developed 
along large frac.tures are probably due in. part 
to this process, for they were main channels of 
circulation, where the accumulated effects of 
fluorine· concentration would be accentufited. 

That .sulphate waters played a part in thi5 
formation of kaolin is rather clearly iridieated 
in a specimen of halloysite from the main 
tunnel .(Burro Mountain Copper Co.), about 
700 feet from the portal. Under the microscope 
this smooth, waxy green material reveals an 
isotropic mineral with an index of refraction 
of '1.1527 (that of halloysite), and within this 
material in certain areas are myriads of tiny 
hexagonal crystals, each containing at its 
center a minute yellow grain. The crystals 
as a whole have positive elongation and are 
optically n~gative. Their index is about 1.59. 
These facts suggest that they are one of the. 
jarosite series (sulphates of potassium and 
iron). 

• 
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LEACHING. 

The process of enrichment where ground­
water lcYel was stationa:r;-y would theoretically 
result in the accumulation of all copper in a 
relatively thin ehaleocite zone adjacent to 
grou"!ld-water level, extending from a position 
aboyc· 'this le\7 cl to a certain distance below it.· 

ll) 
c 

'Qi 
> 

being leached above the ground-water level is 
being redeposi-ted somewhere above or just 
below this level; bti.t there is no evidence in the 
mines that sufficient .time has elapsed to permit 
any notable concentration at this present level 
of ground water. 

In developing the mines~ therefore, in search 
o~ new ore bodies, it becomes of first importance 
to discover criteria whereby the presence of 
bodies of chalcocite may be predicted, or at 
least whereby zones in which .chalcocite· is 
likely to occur may be distinguished from zorres 
which are almost certainly barren. , 
· Is there a difference to be noted in the leach­
ing of chalcocite as contrasted with that ·of 
pyrite~ Though it is not certain that such a 
distinction may always be inade, the writer 
observed at several places in the Tyrone mines 
that, at least in the early stages, leached 
ground in which, there was every reason to 
believe, chalcocite had once been present was 
red, as contrasted \vith brown where_ only 
pyrite had been present . 

.In figure 17 the conditions in drift 4_8 on the 
fourth level (Burro Mountain Copper Co.) are 

FIGUHE 16.-Loaching of eastward-dipping chalcocite veins along later illustrated. The drift is 
vertical veins carrying limonite. 

opened in pyritized por-
.Thcoretieal eonditions, however, seem to be phyry, everywhere some­
scldmn if ever. realized, and changes of ·wn,ter what enriched by the 
level upset the orderly deposition of chalcoeite. deposition of chalcocite. 
Such has been the case at Tyrone, and as a Where leaching has 
consequence, in certain places, where formerly taken plaee it has left a 
enriched sulphides were present there exist reel stain. 1'he encroach-· 
to-day only thoroughly oxidized bodies of rock men t of the leached 
iinpregnated and veined with iron oxide. zones upon the chalcocite 
(Sec fig. 16.) zone is guided, as nearly 

The copper leached froin these zones might everywhere, by pro·mi­
under favorable conditions he recoverable nent fractures. The are~t· 
below, but the :fn,cts at Tyrone do not justify of strong red col~r at this· 
hopes of such a reeovel'J. As has been pointed particular place is pre­
out, there probably existed in the past a stage ceded by an area colored 
when gt:ound-water 'level stood· far below its to a l~ser degree. Assays 
present position·, and it w:as presu~ably during of the red material in-
this stage- that considentble ~tmounts of eopper . dicat~d that it still con- ~0t~ 
were rCillOVCd froin bodies of rock in Whieh it tained some eoppcr, and Light-red oxidation in wall rock 

had previously accumulated as chalcoeite .. it seems highlj probable FwuuE 17.-occurronco of rod 
The level of ground water was so deep during thatdisseminatedcuprite oxidation products (carrying 

· . . . . cuprite) after chalcocit.c along 
this stage of lcaehing that instead of concentra- Ill minute quantities ac- fissures and impregnati11g wall 
tion at definite levels there is reason to believe eounts for both the red crock. 
that copper may have been dispersed. color and the· copper content. TheoreticaJly, 

At the present time, when the water table is further leaching would produce the common 
oceupying a very definite level, it is difficult brown coloring of iron oxide .. Although there 
to escape the conviction that all copper that is I is some justification,. therefore, in using this· 
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red color· as an indicator of the proximity 
of chalcocite, it must be considered. only to­
gether with other known factors, such as the 
position of primary p:frite, zones of fracturing, 
leached zones, developed ore bodies,. and all 
other data ascertainable from the developed 
portions of the mine, that might be used in 
intelligent exploration. It would serve no 
useful purpose to describe in detail the distri­
bution of bodies of leached rock. Those 

all the developed. ore bodies within -the main 
'fracture zone. 

Of the developed ore bodies, or those ·which 
have been worked to some extent within the 
main fracture zone, two major groups may be 
recognized, and a number of less importance. 
One of the two major groups ·comprises the 
deposits of the old Burro Mountain Copper Co. 
adjacent to Leopold, among which are the 
East ore body, the Sampson· ore body, and a 

exploring the mines t;tre in possession of all number of minor deposits. The second group 
such information. In general the positions includes the deposits of the old Chemung 

R.ISW. 
Copper Co. adjacent to Tyrone,. among 
which are a number of more or less 
distinct veins and blocks of ore. The 
positions of these several deposits pro­
jected to the surface are shown in figure 
18, and the system of mine workings 
by which they are connected and are 

" 1. ~%fJ~~KS . bei~g develop~~ is ShOWn Oll. the SUC- . 
)~.: ..,.,_aa~ cess1ve compO'site level maps Iri Plates 

... ~ ~~··· T.J9S. VII-IX (in pocket). 
cr"'o~ ., ~ <:) Of the deposits which have been 
.. ~~).~ ... . 1nore or less developed but which up 

~···'-' -.J to the present time have proved less 
• • _., ·~ ~>">0~ ··· valuable are the several veins on the 

.. ···-;,Ji~:~.O property formerly belonging to the 
· g~f·· Savannah Copper Co. but now ac-

,_J: •..• · quired by the Burro Mountain Copper 
~~~k:;~;..y:__n=""'i::::S:-(-]1~7n~~--"\~ ~---,··, · Co. These deposits are in five groups 

-the Oquawka and Boone mines, on 
the south; the Klondike mine, nearer 
Leopold; the workings on the Old Vir­
ginia claim; the Copper Gulf mine; and 

1·Mile the workings about the Gettysburg 
==~co=n=rto=u=r=in=te=rvEal~·lO~O=fi::~e=et==::::::J and Parrot claims, about 1! miles east 
0 

. ])af:amismeansea.leve"l · .. . of Leopold. (See Pl. VI.) 
FrGun...-: 18.-Map showing the approxiplate posi~ion and form of the principal ore In addition to the properties nlen­

bodies of the Burro M:ountamCopper Co. 
tioned, there are numerous prospects 

of such leached zones are unpredictable.. It both within and outside the main fracture 
is a characteristic of 'the ore bodies in this zone and some deposits developed by drilling 
district that the value of the ore in a particular which may prove in the future of economic 
block is in many places impaired or strictly impo;rtance. 
outlined by such leached zones. The engineers and geologists of the Burro 

THE ORE BODIES. 

A descr~ption of the copper ore bodies of the 
Tyrone d!strict is essentially a description of 
tht:) properties of the Burro Mountain Copper 
Co. Since the field examinations were made 
this company has acquired the properties of 
the Savannah Copper Co. and thus practically 

Mountain and Savannah companies had made 
before 1915 a very thorough examination of" 
their properties by underground exploration 

·and by drilling. Their examinations included 
systematic sampling of the deposits. As 
the shape of a chalcocite ore body is regu­
lated by the tenor of the ore, and as its 
fo:rm may vary with the shifting . price of 

•• 

•• 
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copper, the descriptions· in the present report 
are based on data supplied by the ·compa­
nies, particularly the Burro Mountain Cop­
per Co., supplemente.d by ·studies by the· 
writer. 

·With the exception of. the ·East ore ·body, 
the mines adjacent to Leopold were practically· 
inaccessible, and the lower levels of the mines 
adjacent to Tyrone were flooded at the time 

. however, is continuous throughout the work-
ings adjacent to both shafts. . 

The relative positions of the ore bodies near 
Tyrone are shown in figure 19. The coordi­

. nates used in figures 19-21, 23-29 and Plate X 
are the same as those used on the company'.s 
maps. 

Block A.-The block of ore designated block 
A (fig. 20) extends from a few feet above the 

First level, elevation 6,064' 
Second level, elevat/on 5, 999' 

, Third level, elevation 5,896' 
Fourth level, elevations; 75/r 

FIGURE 19.-Koy map of the oro bodies near 'ryrone. 

of this study. Descriptions of these workings 
must therefore be quoted. 

MINES NEAR TYRONE. 

The mines near Tyrone are developed by 
two shafts, Nos. 2 ·and 3, in Niagara Gulch. 
(See Pl. II, in pocket.) They open an exten­
sive network of drives and crosscuts,. illustrated 
in Plates VII -IX. 

A third shaft, 1,500 feet to the west, does 
not connect with these workings or ·develop. 
any considerable body of ore. 

There are five levels in No. 2 shaft and six 
in No. 3. These levels are not evenly spaced, 
nor, with the exception of level No. 4, do they 
correspond in the two shafts. L~vel No. 4, 

100 level of No. 3 shaft to a sublevel below the 
2'00 level. The mass . pitches eastward from 
the shaft, which it surrounds, at an angle of 

,about 20°. It widens between the 100 and 
200 levels · and pinches below the 200 level. 
If the cross sections, as determined on the 
several levels by assays, are used as a basis for 
constructing a solid figure, the resulting mass 
is somewhat sphenoidal in form, being bounded 
by surfaces of either roughly rhombic or trian­
gular outline, its upper western and lower 
eastern limits being determined by the inter­
section of such planes. The mass is therefore 
thickest at the center and narrows both up­
ward and downward. The under side of this 
figure is roughly determined by a major frac-



42· COPPER DEPOSITS OF THE TYRONE DISTRICT, NEW MEXICO. 

ture tr~nding northwest and. dipping . at a l ing a reason for the limitation of ore on the 
- rather low angle to the southeast. (See fig. south side of this block on the 200 level, two 

20;) In seeking to explain the particular form facts are significant. First, the ore terminates 
of this ore body it must be borne in mind, in both drift 29 and drift 4 against a porphyry 
:first, that its boundaries are determined by a dike; second, the pyrite at these points is not 
definite percentage of copper. If a different sufficiently enriched to produce ore. This 
percentage were used as a basis, a somewhat dike, therefore, may have acted as a bar to 
different shape would res~lt. It should also active circulation . and ·enrichment. On the. 
be borne in mind that the percentage of copper nor'th side of the ore body leaching seems to 
in. the rock may vary for several reasons- ·be responsible for the lack of copper. 
differences in primary mineralization, differ- . Therefore, although the ore in this block is 
ences in enrichment, and differences in leaching I dependent in a measure on the position of a 
or impoverishment. · major fracture and a dike, portions of the ore 

Third level 

21oo' z.soo' 2600 2.700 z{3oo' · Z/]oo' Zf!-oo' 'l.Soo 2,500' 2,7oo zeoo' ~;Joo' 

CROSS SECTION ALONG LINE A·A' CROSS.SECTION ALONG LINE 8-8' 

N. 

1 

1.300'---+---+----t--,....--t--

2,4oo' 2,500' 2,6oo' 2.70n' z;too' 2:;oo' z.6oo' z;:,oo' 2,4oo' 2,500' 2,6oo' 2700' 

PLAN OF SECOND LEVEL PLAN OF FIRST LEVEL PLAN OF "N' WINZE, FIRST SUBLEVEL 

FIGURE 20.-Plans and cross' sections of block A. 

With these ·facts ~in· mind;· it is possible to 
point out some features· that probably con­
trolled the position of this ore body. r"ts base 
apparently conforms blosely with an extensive 
fracture plane. Descending waters, on reach­
ing this plane, were deflected down the dip, 
forming a channel along \vhich enrichment 
took place. The lower. limit' of enrichm.ent de­
termines to-day ·.the lower limit of ore. Es­
sentially .primary· pyrite has been ·reached. 
To the southwest and northeast on fthe · 200 
level along ·this main fracture the ore termi­
nates against leached ground. Thi~ condition 
also affects part of the· footwall rock:. ln seek-

body along the major fracture, in the hanging­
wall country rock, and along the north side of 
the body have been impoverished by leaching. 
The lower limits of the ore are determined by 
primary pyrite. · 

A small. body ·of ore developed between 
2-raise' 13 and 2-raise 10 is apparently· a part of 
this ore body, but leaching has reduced its 

. volume and cut it off from the main body. 
· Block B.-Block B is a thin blanket of ore, 
about 20 feet thick, lying above and below 
the second level about 500 feet southeast of 
No. 3 shaft. This ,ore body is connected with 
a rath~r prominent flat vein. Beneath the ore 

• 
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body, on the third level, there is considerable 
primary pyrite, and it is doubtful if the ore 
ever extended to this depth. (See fig. 2i.) 

W. E. 

2,700 2,800 2.,900, 

SECTION ALONG LINE A-A' 

FIG UHE 21.-Plan 'and cross section of block B. 

Of special note is the leaching which limits 
this ore body on all sides. This is particularly 
well illustrated in 2-drift 4; west of drift. 17, 
where flat-lying chalcocite ~einlets are cut by 
vertical barren seams and veinlets. In places 
the .leaching spreads horizontally along 'the 
chalcocite veinlets. (See fig. 22.) 

It is reasonable to suppose that this blanket 
of ore once extended much farther laterally. 
Its destruction has probably been ~"tccelerated 
by the canyon cutting which affects the old 
'plain cut in rock bordering· th~ desert, t~ough 
it may have begun at a muc~ earlier: date. 

Just east of this ore block there is· a 'body of 
ore following a strong vein that trends N. 60° E. 
and dips 45°-50° SE. The chalcocite occurs 
both in the walls and in the vein proper. This 
ore body descends to a point below the third 
level and near sublevel B. The extension .of 
the ore along the. vein is terminated to the 
northeast and to 'the southwest by leaching­
that is, descending surface waters have im­
poverished the vein. At the· south end of 

sublevel B there· is a rather strong fissure, 
probably the downward continuation of this 
vein; but at this level primary pyrite is ex­
posed. Enrichment never descended to this 
point. This vein on the third level is joined 
by a parallel vein of lower dip, and considerable 
brecciation is evident at the northeast end in 
drift 26., Deciqed postmineral movement is 
indicated by broken mineralized fragments . 
The structural importance of this vein lies in 
its relation to the block of ground beneath or 
west of it. The vein appears to form a hang­
ing wall of what was once an extensive block of 
enriched ground. 

Breccia ore body.-The Breccia ore body is 
about 750 feet east of shaft No. 3 and extends 
from a point 10 feet above the third level to a 
point 100 feet or more below the third level. 
(See fig. 23.} 

The ore occurs within a mass of breccia ted 
country -rock-granite and intruded porphyry 
dikes. On the third level and sublevel B the 
ore is almost coextensive with the breccia,. 
but lower down the breccia, though heavily 
mineralized, is not enriched. 

In the section 
o n f r a c t u r· i n g 
(pp.18-19)the origin 
of this breccia is dis­
cussed. Attention 
will be directed here 
to certaiin major 
lines of fissuring 
that may be'related 
to· the breccia. 

·On the second 
level there is a 
strong vein· foilow­
ing drift 28 which 
is recognized as the 
footwall of the ore 
bodies east of it. 
This line of disturb-

. ailce may be recog­
nized in somewhat 
equivalent fractures· 
on the third level 
just west of drift 25, 

FIGUHE 22.-Leaching of chalcocite 
vcinlets and wall rock. 

and there is a suggestion here that the north-. 
east continuation of this system cuts drift 
16 between drift 29 ·and drift 22. In this 
connection it is of interest that the Brec­
cia body terminates at this place-that is, 
just south of drift 29-where also it is in 
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contact with a dike of consiclern,ble size exposed is Inore breccia to the north, or in the footwall; 
in the drift to the north. This fracture system and lower clown, on the fourth level, this 
therefore is a footwall boundary for all this condition is more noticeable, for the north 

CROSS SECTIONS 
. Surface . 

--:-----~ 

Surface 

APPROXIMATE SCALE 
100 0 100 200 300FEEl 

FIGURE 24.-Pian and sections of so-called flat veins on fourth level 

mineralized ground. On sublevel B a strong 
fissure traverses the breccia near its northern 
limit and may well belong to this same system 
or region ·of crushing. Here, however, there 

96105-22-4 

.• 

extension of the breccia lies north of the point 
where this fracture system should appear. 

A second important fracture system is 
noticed first on level No. 2 as a hanging-wan 
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feature. Beneath it and between it and the 
footwall system just mentioned are all the ores 
on this level. On the third level it appears as 
a prominent vein system overlying the Breccia 
ore body. On sublevel B the workings do 
not reach it, but on the fourth level its down­
ward continuation may be recognized with 
considerable certainty, and here it corresponds· 
to the south end of the breccia ted country 
rock. From these facts it would app~ar that 
the Breccia body, though following a line of 
dislocation nearly at right angles to the 
prevailing strong fissures in this vicinity, is 
contained within a block limited by two very 

~ 

As in all other parts of these mines, a fissure 
is not formed by a simple break but inv9lves 
numerous anastomosing veins. The vein 
systems are simply places where the greatest 
movement has taken .Place within blocks of 
thoroughly shattered ground. 

Between the eastern (hanging-wall) and 
middle _vein the rock is sufficiently impregnated 
with chalcocite. to make ore. 'I'he quantity of 
ore ultimately extracted will depend on the 
price of copper. In many of the workings on 
the fourth level in the vicinity of these veins 
primary pyrite, scai·cely or not at all enriched, 
1s common. Obviously on veins enrichment 

descen.ds deeper than in .the less frac­

• ~SECOND L£V£.L 

--~.:n=J'"""""'--TH_IR'-0 LEVEL 

tured wall rocks. Oxidation, which 
is a later feature, is attacking the 
unenriched pyrite, as well a~ the 
veins, a fact which supports the view 
expressed above that present con­
eli tions of oxidation in these deposits 
are radically different from 'those 
existing when the chalcocite was 
formed. The erosion and canyon 
cutting now in progress are permit­
ting the .surface waters to remove 
chalcocite. 

c 
CROSS SECTIONS 

rooo' 

D 

8oo' 700' 

Other bodies.-East of these three 
veins are a number of isolated occur-

PLAN OF SECOND J..EVEL PLAN OF THIRD LEVEL 

Tences of ore, seven in all, con­
nected for;the most part with promi­
nent fractures. Their location is in­
dicated on figure 18 (p. 40). Also 
300 feet east of shaft No. 2, on the 
fourth level, and· 500 feet S. 10° E. 
from the shaft, are small bodies of 

FIGURE 25.-Plans and sections of Protection ore body. 

prominent zones of movement. As suggested 
above, this broken piece of ground probably 
resulted froni collapse connected with disten­
tion of the crust during intrusion. 

Veins on fourth· ·level.-Three · veins are 
developed on the fourth level. (See fig. 24.) 

ore in brecciated granite. There is 
nothing unusual in their occurrence, and they 
will not be further mentioned. The possi­
bilities for development of additional ore are 
discussed below (p. 51). 

MINES NEAR LEOPOLD. 

They constitute roughly parallel ore bodies of With the exception of the East ore body, 
considerable importance. The northwest vein the deposits near Leopold were practically 
(footwall vein) strikes N. 60° E. and dips about inaccessible in 1915, and the following de-
300 SE. The ·middle vein and the southeast scriptions are taken from a report on the 
vein (hanging-wall vein) strike on the average · propm:ties by E. F. Pelton. 
about N. 40° E. and dip about 40° SE. The Protection:-The Protection ore body (fig. 
plane of these two veins is a warped surface, and 125) is 900 feet N. 75° W. fron1 the San1pson 
their strike therefore varies from place to place. shaft, between the second and third levels. 
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It is about 400 feet long and from 50 to 80 1 Sampson.-The Sampson ore body (fig. 28) 
f~et wi~e. A part of its central portion has j is 400 to 800 feet east of the Sampson shaft, 
been extracted. It is evident from the plans between the tailing tunnel and the fourth 
of the second and third levels· that the' size level. · It now consists of scattered blocks 
of the deposits decreases in dep~h, and that left from previous stoping. About 75 per 

. probably little ore will be developed below cent of the ore remaining lies in a fairly com­
the third level. Exploration to the north- ,. pact block toward the east end of the ore 
east and . s·outhwest, however, may discover body. It is clear that this ore body· also is 
more ore. · connected with a system of fractures dipping 

St. Louis.-The St. Louis ore body (fig. 26) southeastward. 
is a small deposit 600 feet N. 75° W. from ·the ·East.-The East ore body (Pl. X) is 900 
Sampson shaft, bet}Veen the second and third feet east of the Sa.1npson shaft. It extends 

-~_£ 
~THLEV£l _..:.._· ---

CROSS 
SECTION B 

CROSS 
SECTION C 

I 

100 1--1--IA---1-..-:---~ 

CROSS 
SECTION D 

______ __,.---------:-,,' ~ 
~~~~ 

LONGITUDINAL SECTION A-A' 
ON DIP OF VEIN 

o,':~ 

PLAN OF FJRST LEVEL PLAN OF SECOND LEVEL PLAN OF THIRD LEVEL 

FrGUim 26.-Plans and sections of St. Louis ore body. 

levels. The ore follows a strong N. 60° E. 
·vein that dips 40° SE. It is lean below the 
third level. . 

West.-The West ore body (fig. 27) is part 
of the p1llar of the Sampson shaft.· It ex­
tends westward about 750 feet between the 
first and fourth levels .. What remains of the 
ore body consist of scattered blocks left from 
previous square-set stoping. About 75 per 
cent of the ore is now below the third level. 
The West ore body follows a strong N. '70° 
E. footwall vein dipping .30°~45° SE. The 
width and good grade of the stopes ar~ partly 
accounted for by intersection with a N. 20° 
W. system of fractures.· 

from the oxidized zone 25 feet above the 
second level to unenriched pyrite about 20 
feet below the fifth level. It is an· irregular 
block with a maximum thickness of 210 feet, 
overlain by about 225 feet of soft kaolinized 
barren porphyry. If it is like the Sampson 
and West ore bodies, there will be found at 
its top a gradation from good chalcocite ore 
to barren oxidized ground through a distance 
of about 14 feet. 

The St. Louis vein, 41 which forms the north­
ern footwall of this ore block, extends from 
the second level to a point 30 feet below the 

41 Not to be confused with the St. Louis oro body, west of the Sampson 
shaft. 
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fifth level. The ore-bearing portion is about 
200 feet long, 100 feet high, and in places 30 
feet thick. It dips about 45° SE., and the 
pitch of the ore is about 23~ NE. (See Pl. X.) 

The northern boundary of this ore body 
follows the southeastward-dipping St. Louis 

first level 

The ore body is isolated and lies about 200 feet 
west of the main tunnel and about 1,500 feet 
southeast of the portal. There is no unusual 
feature about this ore body. A plan and cross 
section are g~ven in figure 29, and the azimuth 
of the principal fractures in Plate IV (p. 1G). 

~N.3cfw. 

Second levei----2.~L-.----~~---~-::;_~~~l.---~ ., 

Third level -~-~~~=---~~~;;:~~~am~-:---XLJ_ _ ___n_ __ _ 

Fourth l_evel -------~---.J:l __ _u_ ___ __::iL.__._-------L~'-----
A B E 

CROSS SECTIONS THROUGH WEST PRE BODY 

·' 

~rstlev~ ~~~~~~~~~~~~~~~~~~~~~~~~~ Second level 
Third level 

Fourth level 

LONGITUDINAl SECTION THROUGH WEST ORE BODY 

I -too 1---lrf---111--t-------+.::-'----4:------=- -+~.....:._-+-~::-:-+-'----+----+--+---t 

PLAN OF WEST ORE BODY ON FOURTH LEVEL 

FIGURE 2i.-Plan and sections of West ore body. 

vein, and the western limb is defined by the 
North vein, which trends west of .north and 
dips at a low angle to the east. These two 
systems determine the strong pitch of the ore 
body to the south and east. 

Bison.-The Bison ore body is about 400 feet 
long, 60 feet wide, and 50 feet high. ·The 
country rock is granite with porphyry dikes. 

OLD WORKINGS ON THE GROUND OF THE 
SAVANNAH COPPER QO. 

On Plate VI (in pocket) .is shown the location 
of a number of prospects or mines that are now 
no longer operated. The following notes are 
presented as a matter of record. It is doubtful 
if any . of these prospects will be operated 
except when copper sells at a very high price. 

•• 
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At the Oquawka mine 300 to 400 tons of 
4 per cent chalcocite occurred in a vein dipping 
60° N. There was no ore at the 300.:foot level. 
The tenor of the ore decreased in a 30-foot 
winze from the 200-foot level. 

At the Boone prospect a north-south vein 
dips 80° E. Carbonate ore running as high ~s 
30 per cent in copper was shipped, but the 
prospect did not turn out well.· · 

At the Klondike mine a north-south vein has 
been mined to a depth of 60 or 70 feet, where 
primary pyrite was found. 

LONGITUD1NAL 
SECTI.ON ALONG 

LINE A-A' 

, At the Copper Gulf there is a vein carrying 
a little copper, with some oxidized ore at the 
surface. 

TENOR OF THE ORE. 

The minimum amount of copper in the rock 
necessary to cons ti tu te ore in the Tyrone 
district, as elsewhere, is detern1ined by a 
balance between ·total costs of mining and the 
price of copper. In 1915 prospective tonnages 
had been calculated on three different bases, 
a minimum of 1.75, 2.00, and 2.25 per cent. 
At that time rock containing 2 per cent was 

PLAN OF B.ISON 

ORf BODY 

FIGURE 29.-Plan and section of Bison ore body. 

At the Old Virginia workings an east:..west 
vein dips 45° N. There are four or five levels. 
Water stands 25 feet below the collar of the 
shaft. The vein is stoped for a length of about 
100 feet between the surface and the 100-foot 
level. The ore was carbonate and averaged 
better than 10 per cent of copper. The change 
to ch!llcocite takes place at about the 100-foot 
level. · 

The. workings of the Gettysburg mine were 
not accessible. The shaft is an incline dipping 
south in the vein. There is a drift on the vein 
at a depth of 300 feet, but the prospects are 
not good. A little ore was found from the 
surface down to a depth of 60 feet. 

· considered ore. A considerable tonnage had 
been blocked out averaging 3.16 per cent, more 
than twice as much averaging 2.31 per cent, 
and these two amounts together averaged 2.58 
per cent. By reducing the minimum to 1.75 
per cent these tonnages '~ere doubled. Just 
what percentage of copper the rock must con­
tain to be considered ore will therefore depend 
on many factors, among which the price of 
copper is all-important. 

PROSPECTS FOR ADDITIONAL ORE BODIES. · 

Exploration east of the developed territory, 
by drilling, has not been very encouraging. 
The physiographic history of the regio.n points 
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to a briefer period of enrichment to the east, 
under the gravels, than in the area to the west. 

·Moreover, results of mining show that there 
is some. lowering of grade of the ores pro­
gressively eastward, thus supporting the theo­
retical considerations. 

Ore should be more plentiful under the hills 
than in the valley, there having been less 
i1npoverishment there by erosion and . the 
accompanying leaching. 

The fractured and al tercel rocks across the 
Mangas Valley may be intrusives of later age 
than the quartz monzonite porphyry at 
Tyrone, and this fact must be. considered in 
speculating on the possibilities of ore in those 
rocks. If they are younger than the Tertiary 
lavas, then the. prospect of finding ore in them 
is lessened, for nowhere in the Silver City region 
have con1n1ercial bodies of disseminated copper 
ore been found in these late intrusives. The 

intense alteration of these rocks, however, 
makes their. character and age uncertain. 
Structural relations whereby a decision might 
be reached as to this point were not discovered. 
Such petrographic evidence. as could be gleaned 
from studies made with a microscope indi­
cates that the rocks represent a later period 
of intrusion. · 

Prospecting will probably then most profita­
bly be confined to the principal zone of fracture, 
and within this zone to those portions of most 
intense fracture, under hills and in the general 
region between Leopold and Tyrone. The 
areas farther south, in the ground· formerly 
controlled by the Savannah Copper Co., are 
in a measure already prospected by drill holes 
and shafts. That portion of this territory, 
under hills, which has not been prospected 
deserves at least a certain amount of pre­
liminary drilling. 
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