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GEOLOGIC ATLAS OF 'THE UNITED STATES. 

The Gcolo,::?;ieal Survey is making a geologic atlas of the 
United States-, which is heil1g issued r.lilletl folios. 
Each folio includes topographie and 
area, together with descriptive text. 

THE TOPOGRAPHIC MAP. 

The featul'(:,s on the topograpllic lllap are of 
three distinct inequalities of sllrfacc, called relief, 
as plains, plHtenu8, hill!;, alld lllount"lins; (2) distribu-
tion of water, called as streams, lakes1 a.nd 
(3j the works of man, CUUl1ye, ns roads, 
boundaries, villages, and eiLies. ~ 

Reh:ej.-All elevations are measured from HlCHll sea level. 
The heights of IIlall)" points are H('curateiy delermined, and 
those of the most important ones are given on the mi'lp in 
figures. It is desirable, ho\vf>ver, to gi\'e the elevation of all 
parts of the area mapped, to delineate the outliue 01' form of all 
slopes, an (I to indiclIte their grade or This is done 
by lines eadl of whieh is dnrwn through of equal elm'u-
tion above mean St:'<l le\~el, the vertical iIltt:'l'Ynl represcnted by 
each spaee bctwf'en lines being the same throughout eHcll map. 
These lines nre called COJ/fOU1' lines or, more brietl \', contours, 
and the uniform H'rtical (li"tan('e bet\\een ea"h two"eontours is 
called the contouT intr:rml. Contour lines and elevations are 
printed in brown. The manner in whi('h eoutour lin,es express 
altitudf', form, and grade is shown in figure 1. 

FlOrRIe \.-ldeal view and correspondillj.{ contonr map. 

The sketch :J ri \"er VB Hey bt'tween two hills. In 
tIlt:' foregrOlliul till? seH, \\lth a bay that is partly ('losed hy 
a hooked sand hal'. On eaeh sirlf' of the v:dley is a terral'e. 
The terrllcc on the rig-ht merges into a gentle hill slope; lhat 
on the left is backed by a ascent to II cliff, or RCfll"p, whidl 
contrasts with the gradunl away from its ncst. In the 
map each of thcse features jndicat.ed, direetly benoath its 
position in the sketch, by contour lint'R, The map docs not 
include the clistant portion of the yiew. The following notes 
may help to explain the use of contour lines: 

1. A contour line reprt:'sents a eertain height ahow sea 18\·121. 
In this illustration the contour interval is 50 feel,; thel'efore 
the contour lines arc llrawn at 50, 100, J 50, and 200 feet, and 
so Oll, ahove me~m sea level. Along the contour at 250 feeL lie 
aU points of thc surfllce t.hat Ht"e 250 f~et above the sea~that is, 
thii:l eontour would be the shore line if the sea \vere to rise 250 
feet; alon!!: the rontour at 200 feet. are all points that nrf' 200 
fcet abo\'e the sea; and so on. Tn the ."pace bet,"ween any two 
contonrs are ull points whose elevations arc aboy,=, the lower 
and below the Iligher ('on tour. Thus the eontnur at 100 ft'f't 
falls juSL helow the edge of the tel'l'are, and tltat at :l00 feet lit:'i'l 
aboye the terrace; therefore all points on tile terrace arc shown 
to be more tlwn 150 but less than 200 feet abo\"e the sea. 
The summit of t.he higher hill is rm'lrh(1 GiO (feet aboye sea 
leyel); the contoUT at ()oo feet surrounds iL. In 
this illust.ration the contoUl' lines arc nuwbered, and those 
for 260 and riOO fef:t are areentuHted by being made heavier. 
Usnally it is !lot desirable. to number all the contonr lines. 
The aecentnating 1111(1 nnmht'ring of certain of them-say eyery 
fifth one-suffires and the ht'ights of the others may he l.lSeer­
tained hy cOllnting up or dO\vll from th('se. 

2. Contour lines show or' express the forms of slopes. ~\.s 

eon tours are continuous horizontal they wind SlllOOtJlly 
about smooth surfaees, rcct:'dt:' into rt'entrant of 
ravinei'l, and projert. in .passing around spurs or I"·o,mi,,wnees. 
These relations of cont.onr curws Hnd 1:..0 of t.he 

can be Been f!"Om the map and 
lines sl~ow thc approximate of any sl~pe. 

The vertical interval between two \'(mtours the same, whether 
they lie along a cliff or on a genLle slope; hut. to attain a gi ven 
heif!;ht on a gentle slope olle must go £nther than on a Htccp 
slope, and therefore eontOUlli are fill' apnrt on gent.le slopes 
and near togethf'r on steep one8. 

A small contour int~ryal is necessary to express the relief of 
a flat OJ' gently undulating countr)'; a steep or mountainolls 
country can, as a rille, be a(leql1ately represented on the SHme 
seale by the use of a huger inten-al. The smallest interya I 
used on thc atlas sheets of the Ueological Survey is 5 feet. 

This is in regions like the Mississippi Delta and the Dismal 
Swamp. For grellt mountain masses, like those in Colorado, 
the interval may he 250 feet and for less rugged count.ry ('on­
tour intervals of 10; 20, 2iJ, 50, and 100 feet are used. 

Draina,lje.-\Yater~oursf's are indicated by blue lines. Fora 
perennial stream the line is unbroken, but for an intermittent 
stream it is hrokcn or dotted. 'Vhere a stream sinks and 

the probable underground course is shmm hy a 
blue linf'. Lakes, man~hes, and odler bodies of ,vater 

by conventional signs in blue. 
for the works of' man and all letOOr­

are printed in 
,)ca"C.,.-j~l1e area of t.he Unit.ed States (exclusiye of Alaska 

and island possessions) is ubout 3,027,000 square miles. A 
mup of this area, drawn to the scnle of 1 mile to the inch 
would ('ovcr 3,027,000 s<Jllarc inciIC"" of pnpe1' aJul measure 
about 240 by J80 feet. Each square mile of ground Slll-iaCe 
wonld be reprcsentcd hy a inch of lllilp snrfllee, and a 
linear mile on the ground a linp...ar inch on the map. The 
stule mav be also a fradion, of whieh the numer-
ator is 11" 011 the map and the denominator the eorre-
spondiIl)!; lengt.h in nature expressed in the same unit. Thus, 
as thcre arc 6:3,;~60 inches in a the scale"] mile to the 
inch" i8 by the fradion 

Three are used on the sheets of the Geological 
Ilnd (\~.:"'()IJ' eorresponding approxi­

mately to -4 mil!':::;, and 1 mile on the ground to an 
inch on t.he map. On the seale of ineh of map 
surface ahout 1 square surt"i-lce; ,on the 
scale of a bout. 4 s(]unre milf's; and on the sea Ie of ~OOJ , 

alJOlti 1G '3<jIUlTe mile8. At the bottom> of each atlas Bheet the 
scale is in three a graduated line repre­

a :::;imilar line indicating 
a fraction. 

oU"""""HI(".·~j "cmap of the Unit.ed Stat.es 
is being shed~ of eOll\'cnient size, whieh 
represent areas houwlc,d parallel.; IltHI meridians. ThCBc 
~neas are ('aIled qnadrangle8. Eaeh sheet on t.he seale of ~"O~Oili) 
represents one s(llUl.1'e degrec~that is, <L of latitude by a 
degree of longitude; each sheet on thp of reprc"ents 
one-fourth of a square degree, and cHch sheet on scale ot 

one-:-;ixteenth of a square degree. The areas of the corre­
sponding quadranJ!;lcs are about 4000, 1000, and 2;)0 square 
llliles, thongh H.H'Y vary with the lat.itude. 

The atl:lS sheek;, heing only parts of Olle map of t.he United 
States, are not limited by politi('al boundary lines, such as 
those of States, ('ounties, an (I tow nships. ~hny of t.he maps 

arell" lying in two or eyen three States. To each 
and to the quadrangle it represents, i::; given the name of 

somc weJl-known town or natural featurc within its limits, and 
at Lhe sides and comers of each sheet nre printed the Hames of 
adjacent quadrangle::;, if the maps are published, 

THE GEOLOGIC MAl'S. 

The nwps l'eprf:'6entillg the g-eology show, colors and 
conventiowll sip;ns printed on the topographic map, the 
di:3tribution of rock ntHssC's on the surface of the land and, by 
means of structure sections, their underf!;round relations, so far 
as known and in sueh detail as the scale permits. 

KDi'llS OF lWCKS. 

I{oeks are of lllany kinds. On the geologic mnp they are 
diRtinguisheil w;; igneous, sedimentary, and metamorph~c. 

ignnms 1>oclcs.~Rocks that haw cooled and consolidated 
from a i'llate of fusion are known as igneous. Molten material 
hay from to t.ime l)cen forced upward in fissures or ehan-
lIel,.; of and sizf's through rocks of all to or 
llearly to the Itocks formed by the of 
mohen material, or magma, within these ehannels~that is, 
Lelow the suriu('/'---;-art! called ·irlil'u.siL'C. "'here the intrusive 
rock a fissure wit.h approximat.ely pm'allel WllltS it is 
called a where it fills a large and irregular conduit the 
lllass is t.ermed a Bloch:. "\Vherc molten map;ma trayerses strat­
ified rocks it be intruded along betiding planes; sueh 

or "heels if eompa.ratively thin, and lacco-
chambers prod ucell by t.he pressure 

of t.he mal!;ma. roek molten material rool.; 
slowly, witll the result that rocks are generally of 
crystalline texture. vVhere the channels reach the surfaee 
the moltell material poured out t.hrough them is called lwva, 
and lavas often build up volcanir mounti:lins. rock:::; 
that. have solidified at" the sllrface are called 
LavHs generally cool mort:' rapidly than iutrusive 
a:--1 a rule contain, espf:'f'iHlly in their sllperJieial parts, more or 
lel::1H voleanic produ('ed by rapi(1 ehilli1lg. The outer parts 
oflanl How,:;; are uHlwlly porous, owing to the expansion of' 
the gast,:; originally present in the magma. Explosive action, 
due to these gases, often accompanies volcanic eruptions, 
causing qjt'etions of dust, ash, lapilli, and .larger fi .. agments. 
These materials, when rOllsolidated, constitute breec1as, agglom-

and tuffs. 
l'oclcc~.-Uocks composed of thc transported 

fragments or partieles of older rocks that haye undf'r~one 

di::;integration, of volcanic ejeeta deposited in lakes and seas, or 

of materials clcposited ill such water bodies by chemical precipi­
tation are termed sediuu:nta1-Y. 

The ehief agent in the transportation of rock Q-ebris is water 
in motion, including rain, streams, Ilnd the water of lakes awl 
of the sea. The materials are in large part carried ns solid 
particles, and the are then saia to be mechanical. 
Buch arc whieh are latc1' consolidated 
int.o Sfllldstone, shale. Some of the mate-
rials are earried in soluLion, and deposits of these are called 
or,!!anie if formed with the aid of lift.', or ehcllIieal if formed 
·without the aid of life. The more important rocks of chemical 
and organie origin are limestont', chert, salt, iron on" 
peat, lignite, and eoal. Anyone of thc nHmed 
may be f'\eparatf:'ly formed, or the diITerent he 
intermingled in many wayi'l, produeing a great variety 

AnodiCI' transporting ag-t'ut is nil' in llIotion, or wind, ~md a 
third is icc in mot.ion, or glneiers. The mORt characteristic of 
the wind-borne or eolinn deposits is loess, a fine-grained earth; 
the most characteristic of g-lacial deposits is till, a hetcrogeneous 
mixture of bo·wlders and pebbles wit.h day or sand. 

Sediment.ary roeks Ilrc usually Illade up of Illyt'r",. or beds 
which can be separnted. These arc called .strata, 
anci rocks in such layers are to be strlltified. 

The snrface of tlIe earth is n~t immomble; 0\ er wide regions 
it \'ery slowly rises or sinks, with referencc to the sea, and 
RhorE.' . lint's ~re thf'reby changed. .L\.s a result of upwanl \ 
moyement manne sedimellt~1ry, ro(~ks may hecome part of the 
land, and most of our land areas are in faet occupietl by rocks 
originally deposited as sediments in the 

Rocks exposed at the surff~ce of tlle air, 
watf'r, iee, animals, and plants, 
known as bacteria. They and morc 
soluble parts UTe leachC'(l Ollt, the material being 
left as a reBidual laver. \Vater washes this material down 
the slopes, IllHl it. is c~'elJt.ually eurrietl by riYers t.o the,orean or 
other bodiN! of W(lt~r. lTSUHl1y its journey is not eOlltinuous, 
but it is huilt into river hal'S and flood plains, 

_·Uln \·ial deposits 
belong to 

laver is commonly inelllded 
Their upper part.s, o~cupied by th~ roots of 

eon:'!titute soils and subsoils, the soils being usuHlly 
dist,inguisiw.! by a notable admixture of matt.er. 

and by various 
processes, rocks may in com position 
and in texture. If the new pro-
nounced than the old such rorks arc ealled In 
the of metamorphism t.he cOllstituents of a chcmic~ll 

may enter into new combinations nnd eertain subslllnces 
may bc jost. or new ones added. A complete gradHtion [rom 
the primary to the metmnorphie form may exist within a 
single rock mass. Surh changes transform sandstone into 
quart.zite and limestone into marhle and modify other rocks 
in various ways. 

From time to timc during 
been deeply buried and hayc to enormous 
pressures, to slo\v movement, and to igneous intrusion haye 
been afterward raised and later exposed by erosion. In sueh 
rocks the original structures may h:1\ e been lost entirely and 
new onE'S substituted. A system of planes of division, along 
which the rocK. splits most. readily, may have been deyeloped. 
This structure is called and lilay cross t.he original 

rocks rbanwterized by it 
Crvstals of lllica Or minerals may have gr~wn 

in tbe rock in "such a as to produce It laminated or foliated 
structure known as The rocks characterized by this 
structure <Lrc schisfl3. 

As a rule, the oldest rocks are most altered and t.he young,=,l" 
formations haw escaped metamorphism, hut to this rule there 
are many illlpOlinnt t'o'lpeeially in l'egiolls of igneous 
activity fmd complex 

TOlOl.A.TlO.KS. 

For of 
above are into A f(edimentmy 
formation l'ollt.ains bet~yeen its upper and lower limits either 
rocks of uniform charad~r or rocks more 01· 1ess uniformly 
"\]l.Tiell in eharader, for example, an alternation of shale and 
limestone. \Vhere fl'{}m one kind of rocks t.o 
another is gradufll it. may TWef:'Sf(ary to two contigu-
ous formations by an arbitrary line, aTHI some cases the 
disLill(~t.ion depends almost f'nt.irely on thc contained fossils. 
An igneous fOl'mat-lon contains one or more bodies of one kina, 
of' similar oecurrence, or of lil-:e origil1. .-\ metanH1l11hic for­
mation lllay consist of rock of uniform charat'ter or of se\ eral 
roeks having eOlllIllOIl characteristirs OJ' origin. 

\Yhen for seientifi(' or et'onomic reasons it is dcsimhle to 
reeognize and map one Ol' more deyt'loped parts of ~J 

yaried formation, such parts Ilrc members, or In" oom(' 
odler appropriat.e term, as h!ntiIB. 

.\GES OF ROCKS. 

Geoloy'ic ti1lie.~Th8 time during which roc-ks ·were made is 
divided into peripds. Smaller tim~ di visions are called epochs, 

/I 

• 



and still smaller ones stages. The age of a rock :is oxprC'Ssed 
by the name of the time interval in which it was fonned. 

The sedimentary formntions deposited during a period are 
gron}wd to,2:f'ther into a 8yl:Jtnn. The pl'illeipal divisions of a 
system are ealled 8('}'ie8. Any aggregate of formations less 
th1ul a sf'l'ie); is called a !Jrollp. 

Inasmuch as sedimeIlta:r;y deposits accumulate successively 
the youn~er rest on those tlwt aro older, and their relative 
ages may be determined by observing their positions. In 
many rcpjons of intense' disturbance, however, the beds have 
been o\'ertnrned by folding or superposed by faulting, so that 
it may be difficult to dntcrmine their relati \"e from thcir 
present positions; under !:;uch eondiLi,ons. if prcscnt, 
may indicate which of t.wo or moro formations oldest. 

Mnny stratified rocks contain the remains or 
imprints of plants and animals at time the strata 
were dcpositcd, lived in bodies of' ,ynter or were ... ,ashed into 
them) or were bmied in surficial deposits OIl the hlncl. Rueh 
roekS" are ('alled fossiliferous. By studying fossils it has 
been found t.hat the life of each period of the emth's history 
was to l-l extent different from that of other periods. 
Only the kinds of marine life existed when the oldest 
f()ssilifel'om; rocks were deposited. From time to time more 
complex kinds awl as the 8impler ones lived on in 
modified forms life more yal'ied. But during eael! 
period there lived peculiar forms, did 1I0t exist in ('arher 
timl:'s and lwve not existed sinpe; are c/w/Ylcieril5tic types, 
and they define the tlp:e of any bed of roek in whieh they are 
found. Other types passed on from period to period, and thus 
linked the forming a chnin of lif'e from the 
t.ime of the rocks to the present. 'VJlere 
two :'ledimentHry formations are rernot.e from ea('h other ami it 
is impossible to obscne their relative positions) the charncter-
istic fossil found in thclll may (letermillC which 'was 
deposited Fossil remains in the strata of different areas) 
provinc(~8, and eontineuts afford the 1ll08t import.ant mean:'l for 
comhining local histories into a earth hist.ory. 

It is JllHll~V places diffieult or to df:'terllliue the age 
of an igneons frfrlllation, hut rlw rdatiw age~of .:mell n f()rm;J­
t.ion can in generaJ be asccrtailled by 
assoeiated sedimentary formation of known 
igneous lllaRS or is depositetl upon it. 
which metamorphic' J'oeks ~,ere formed from the 
may be shown bv their relations to formation.., of 

age; hut the reeohled on Dlap i.., that of the 
masses llnd not. of dwir metamorphit>lll. 

culon;, and pa.tiaus.-Ench f()l'lnation is shown all 
the map hy a dist.inf'ti\e comlJillation of color awl pattcrn allii 
is'lalwled hy a speeiallett.er symbol. 

Patterns <compoAf'd of parallel 
fOl"l1lat.ions 

lineR are mwd to 
ill tlw jnlakes, 

tlots awl 
eirdf's represent idluyial, nnd eolian i{ll'lfllltiollS. Pat­
tel'l1~ of trianglf's and rhombs arc u::;ed for iguf'oUS fi)l'IllaLions. 
:Metamorphic rO{'k8 of unknown origill nre 
short <l~:shes irn.>)!"ulady placed; if the rOt-];:: is 
may lw arranged ill \\avy lines pllrHllcl to the t>truetll1"e 
Suihlble eombination THlttel'llR an' used 10r met.amorphic 
tion::; known to he of' or of igneous origill_ The 
patterns of each o1a1:>.., are in variom.; (~6101's. \Vith the 
patterns of parallel colors are used to indicate age) a 
partieular c0101' to cllch t>YSt('lll. 

The s\'mbols of'two or more lettf:'rs. If the age 
of' a fOJ'~ation is known the snnhol includet> the 
bol, whieh is H eapital lett('; or monogram; 
symbols atl:' ('01l1po",ed of I:Hualllettel's. 

8ym­
tllC 

The names of t.he systems and of Iwries that have 1Ieell given 
distinctive in or(ler from to oldest) with the 
eolor and assigne(l to 
subjoined 

Symbols and colors a8.~if}ned to the l·ock systems 

By.tAll 

f'eRF.\CE l'O.l:GUi:'. 

lIilll'l, Yn11('y", 1ll1d 1,11 oiher snrfflee forms lmyl-' bceD produced 
F9r example, most the result. 

streallltl that l1(nr through 1), 
p}ains hOJ"(]pring- mall)' streams were up 

hy the st.Teams; \\a"es cut S(,ll ()lifI;" amI, in cooperation \\ith 
c~rrellts, l)uild up sand spits and ham. Topographic form" 
thus conl'ltitute part of the re{'ord of tIle of dlP ptl,rth. 

Some forms are inseparahly eOIlllecr,ed with TIH~ 

hooked sh9wll in figure 1 is an illustration. To thi8 dnss 
alluyinl p1ain8) lava streams, drumlins (smooth 

of till)) and moraines (ridg-('s of drift made 
at tilC Ot.her forme are produced by erosion. 

The sea cliff is an iHustration; it may be carved from any rock. 
To this clllSS belong abandoned river channels, glacial furrows, 
and peneplains. In the making of a stream tf'IT1We an n 11uvial 
plain is first built and afttnmrd partly eroded flWlly. The 
shaping of a marine or lacustrine plain i~ ul'lual1ya douhle 
process, hills hei~g- Vlorn away (degraded) and yalleys being 
filled up (aggraded). 

AU parts of the land surfaee arc to the action of air, 
water, and ice) 1'1"11ich slowly wenr down) and streams 
earry the WflStD materinl t.o the sea. As t.he Jf'p~'nds on 
the £low of water to the sea, it can no,t ('arried belo'w sea 
level, and t.he e.ea is therefore called the basf::-le1xl of erosion. 
Lnkl-'s or larg: rivers may dd(~rmine locfll hase-Ievels for cert.ain 
regions. When a large t.ract is for a long time undisturbed by 
uplift or suhsidence it is degraded nearly to basc-lcvt'l, tmd tIll:' 
fairly f'ven snrface thus prodlH'ell is called If the 
tract, is aftenvlln{ uplifted, the ele\ated 
re('ord of the former close·relation of the tract to base-leyel. 

'1"111: V~UtlO\JS GEOLOGIC i'lHEE'l·.':l. 

lllap tlho'wing the areas oecupied 
is called an areal geology map. On 

,vhieh is the key to tile lllap. To ascer-
tain the meaning any color or pllttern and its lett.Pr 
the rfwler should look for that color) pnttern) und 
the where he will find the name and 

If it is desired to find 
name should be sought in the 
llOtcd; !heu the areas on the 
pnttf'I'll mny be iraeed out. The 
ment of tile ,2:eologie history. In 

according 
unknown 

group t.hey ure placed in the order 
at. t.he top. 

lIlap reprf'sent.ing the distribu-
tion of and roekl::' ,ina their relat.ions 
to the topogrllphie fpatures and to the 
~erJIled the economic .r;eolog!l map. Thc that appear 
011 the areal geology lllnp are usually shown on t.hie map by 
fainter color and the areas of produdive formationH 

(~()lors. .A mine symbol shows the 
or quarr,v and is necompfmied tlw 
mineral mined or stone If 

mining indust.ries or artetlian in the 
nmp., to sbow thuse additional economic features 
in tht' folio. 

shaftl-1, and otJler 
natural and artifieial cuttings the different beds to 
one allother l)e seen. Any elltting thut exhibits thosc 

a sectiun) and the same term is applied to a 
reneesomt.;ng the rebtions. The arrangpIDf'llt of'roe];:::'l 

is the enrth'c I5lrLtctum, and a seNloll exhihiting 
arrdll~,emenLiH (,ll11ed <l :;lrudUt'(J section. 

is llOt limited, fIOWf'n'r, to naturnl and arti­
for hi" iuformnt.ion eoneerning the earth)s 

the llnumer of f()rmation of rock::; and 
the be(l::; on t.he surface, 

they Pll",S benclith the 
surflwe and ean draw reprI-'8(,J1t.ing the strueture to a 

cOllsi(irrable dept.h. i:"3uch a see~ioll is illust.rated iIl flgure~. 

t'IGURR 2.-Hketch ~howing a verr.ieaJ section at the fronT and It landscape 
beyond. 

The figure repTcscnts a landHeape whieh is cut. off sharply 
in the foreground ou a ycrtieal plane) so as to show the 
underground relations of t.hc rocks. The kinds of rock are 
indicated by appropriate patterns of lines) dots, and dashf:'-I:l. 
These patterns admit of lTIueh variation) but those shown in 
Ggurc a are used to represcnt the commoner kinds of roek. 

':l=cj"t<>n~HalHl~"Il_ 
gIOLll<"Cate, 

ShaJylm19st0]1CS 

l',Hl;RIi: 3 -SYlllholB 1l6ed ill sectioIlB to represent different kinds of rO(Jk~. 

The plateau sJlOwn at the kft of figure 2 prescnts toward 
the lower land an cscarpment, or fi'ont, ,\hich is .made up of 

sHndstones, forming the cliffs, and shales, con.'ltituting t.he 
slopcs. The broad belt of lower land IS t.raversed by several 
ridges, which are seen in the scction to corrcspond to· the out­
crops of a hed of' sandstone that rises 10 the surf~lcc. The 
upturnefi f'Clge8 of tIlis hed form the ridges) and the inter­
mediate yalleys follow the outcrops of limest.one and calcareous 
shale. 

'Yhere the edges of the strata appear at the surface their 
thiekness ean he measured and the' angles at which they dip 
helm·" the surffwe eall be obscned. Thus their positions 
underground can be int"(·Tred. The diredion of the intersee­
tion of a bed widl a hOl~zontal plane is called thc ,~lrike. The 
iudinntion of the bed to the horizontal plane, measllred at 
right angles to the strike, is called t.he dip. 

Tn many regions the strata are bent into troughH flwl nrehes, 
sllch as are seen in 2. The arches nrc calle(l anticlines 
and the troughs As the sandstones, shales, alld 
limestones were deposited beneath the sea in nearly flat sheets, 
the fltrt that dley arc now bent. and fcildf'd is proof that forces 
haye from time to time caused the earth)s eurface to wrinkle 
along cert.ain zoncs. In plaees the ",trat.a arc broken across 
and the parts haye slipped Neh other. ~uch breaks are 
tel'me(ljaults. Two kind", arc ",hown in iigure 4. 

At the rigl1t of figure 2 the scction ::;11ows schists that are 
tra ,"ersed by igneous rocks: The schists nrc much contorted 
nnd their arrangement uwlerground can not llC inferred. 
Hence that. portion of the section delineates what is probably 
true but i~ not known by ohHerYation or by well-fOlUldf'd 
inference. 

The sf:'ction also shows three set." of formatioIls, distinguished 
by tht'ir underground rehttions. The uppermost set, ~een at 
the left) is made up of sandstOlws and sbales, which lie ill a 
horizont.al position. These I'ltraw were laid dO'wn under water 
hut are now hi,2:l.t above the forming a plateau, and their 
ohange of ekmtion shows that u of the earth)s masl'l has 
been uplifted. T!le straia of set are parallel, a relatioil 
whieh is called cmoero/·muolC. 

The s('cond set ('ollsists of strata tlwt have be-en 
folded into arches and troughs. These strata were Ollee COll­

tiUllOUR, but the crests of the arche.,:> litl\Te b;'en remo,-ed bv 
erosion. The beds, like those of the li1"8t set, ate conf'ormabl~. 

The horizont.al strata of the plateau reBt upon the upturned, 
eroded edges of thc heds of the eeeoml set. shown at tile left of 
the section. The are, from their position, 
c,·idently younger than deposits, and the bend-
ing awl t'Toding of the oldel" beds must havc oceurred betwe~n 
t.Ilf'ir deposition ttnd the accumulation of the younget beds. 
The roeks arc to the older, and the 
surface ic llll "nconformity. 

The third set of formations ('onsisti,; of crystalline ,whists and. 
igneou", roe1o::s. At ",on1e period of their history the sehists 
were folded or by prl-'esl1r.e and t.raversed by emptiolls 
of molten But the preSSUTf' and intrusion of igneous 
ro{'ks have not affected the overlying stmta of the se('ond set.. 
Thus it is evidellt that a con8icierab]e int.eneal elapsed between 
the formation of the sehists and the beginning of deposition of 
thc st.rata of the seeond set. During tllis int.erTal the sehi<;lts 
were Illetamorphoscd, they were disturbed by eruptive 
and Lhey werc deeply eroded. The contact between the 
and third sets i::; another unconformiLY; it marks a time 
intenal bet.\\een 'two periods 'of roek forrr;ation. 

The section and landseape in figure 2 are idf'al, but t.hey 
illush'nte aetnal relalions. The sections on the struetUrL'­
spetion sheet are related to the maps as the seetion in the 
figure is relat.cd to the landscape. The prolile of the surface 
in the section corresponds to t.he aetual slopes of the ground 
along the sC{!tion line, and tJlC depth from the surface of any 
min~ral-producing or water-bearing stratum that appears in 
the seetion may be measmed USillg the seale of the map. 

Columnar secLion.-The maps arc usually accom-
panied by a c()lumna'J~ 8l.'ction, which eontains a eondse 
description of the sedimentary f'orlllation~ that oeem in the 
qU~idrangle. It. presents a summary of the filets relating to the 
<character of the rocks) the thi(~kness of the formations, awl t.he 
order of aeeuIIlulation of I:lIH:cessi ve deposits. 

The rocks are briefly deseribed, and their eharaders are 
indicated in the columnar diagram. The thickllei:3SCS of fol'­
illations are given in figutes thaL stllte the lenst and greatest 
meIL'lUl'ements, and the thicknesH of cach formation is 
shO\\n in thc eOlUlllTl, which drnwn to w~ale. The order of 
aceuIllulation of t.he sediment", is shown in the columnar 
arrangement-the oldest being at the hottom, the youugest at 
the top. 

The intervalt> of t.ime that correspond to events of uplift and 
degradation and eonst,itut.e iuterruption::; of deposition are 
indieated graphicaUy and hy the word" unconformity." 

GEORGE OTIS SMITH,. 
May, 1900. Director. 



DESCRIPTION OF THE SILVER CITY QUADRANGLE. 

INTRODUCTION. 

GENERAL RELATIONS OF THE QUADRANGLE. 

The Silver <';1ty quadrangle is bounoed hy meridians 108Q 

and ]08 0 30' and paralleL'l 32° 30' and ;-;3 0 and includes one­
fourth of a "square de/-\"ree" of the earth's surface, an area, in 
that latitude, of 1,OOa square miles. It is in south,vestern New 
Mexico (see fig. 1) and almost ,,,,holly in Grant County, but 
along the east half of its south side it includes a narrow strip 
of Luna County. Rilver City, from which the quadrangle is 
named, stands near the center of the areH. 

FIGURJI: 1.-Index map of southwestern New Mexico and adjntlent region 
in Ariwna. 

The loo .. Uon of the snve~ City qulUlrangle (No. 100) is shown by the d!U'kar ruling. Lighter 
~ul!ng shows other quadraugles d~scdb .. u in folios, ~anwly, 121l, Clitton; 166, El POliS. 

In its general geographic and geologic relations the quad 
rangle forms a part of the Basin Range province and lies not 
far south of the southeastern border of the Colorado Plateau. 
It is crossed by the Continental Divide, which separates streams 
whose waters 'fiow' to the Gulf of Mexico from streams whose 
waters flow to the Pacific. 

GENERAL GEOLOGY AND GEOGRAPHY OF THE REGION. 

Western New ~fexico and eastern Arizona include parts of 
two distinct and striking physiographic divisions. Mu.ch of 
the northern part of the region lies in the Platean province j 
the southern part lies in the Basin Range province and has 
two dominnnt eharacteristics: first, the ranges within it have 
definite and parallel trends; second, those of' the western half 
trend northwestward and those of the eastern half trend more 
nearly north. The Silver City quadrangle is in the area where 
these \·ariably trending ranges coalesce, neal' the boundary 
between Arizona and New Mexico. (See fig. 2.) 

FIG-URB 2.-Relief map of part of western United Stlltes 
The Sil,'er City ~u .. drlltlgle I~ In the Ba"in l!.ange province ill southWestern New :I1e:d<lo, !It the 

Int"rsectionoftheBasinRanges.trending"outheastwo;rd,lUldtheRockyMountalns,trend­
ingBouthwllrd. 

The northwestward-trending ranges comprise a number of 
fairly distinct, narrow, and comparatively short mountain 
masses, separated from each other by relatively narrow valleys 
filled with fluviatile or lacustrine deposits. Ransome 1 says: 

'Ransollle, F. L., U. S. Geol. Survey GeoL Atlas, Globe folio (No. 111), 
1904. 

By Sidney Paige. 

The individual ranges, such as the Dragoon, Ohiricahua, Pinalino, 
Galiuro, Santa Catalina, Tortilla, Pinal, Superstit,ion, Ancha, and 
l\Iazatzal mountains, rarely exceed 50 miles in length or 8,000 
feet in altitude. * * * Theil' general trend * * * near the 
}Iexican border * * * becomes more nearly north and sou th, 
and thc mountain :wne as a whole coalesces with a belt of north-south 
ranges which extends northward through Xew lIIexico and borders 
the Plateau region on the east. 

The northward-trending ranges, such as the Peloncillo, 
Pyramid, Hachita, }Iimbres, San Mateo, Caballos, and San 
Andreas mountains, have much in common with the north­
westward-trending ranges described abo\'e. 

Though the Silver City area is not far from the plateau 
region on the north, its relation to the plateau is masked by 
vast fields of la va. 

Lindgren, Graton, and Gordon 2 have presented an epitome 
of the geologic history of the New Mexico region which may 
fitly reappear here: 

The pre-Cambrian I'ocks of New Uexico tell a IOtory, dimmed by 
antiquity, of period" of se-dimentation on an unknown basement; of 
granitic intmsions tremendous in scale; of igneous and dynamic 
metamorphism, The II hi «tori cal " records may be said to begin with 
the Cambrian period, whe-n the Rocky Mountain core of northern New 
lVIexico, and in fact the whole north·crntral part, wa,« a land area 
subject to degradation, the sediments produced by which accumu­
lated in the Cambrian strata of so nth ern New Mexico, The northern 
land area was submerged at the end of the )Iississippian (l0\' er Car­
boniferous) and sedimentation went on, with somc interrnptions, 
until the close of Cret,aeeous timc, ·when the 'l'crritory Wru,l covered by 
a mantle ofsediments, perhaps 10,000 feet in thickness. 

At the beginning of the Tertiary period igneous intrusive activity 
began j laccoliths) stocks, sills) and dikes of monzonite and qlJartz 
monzonite, ·with corresponding porphyries, were forced into the sedi­
ments, evidently bulging them in places, but rarely breaking the 
tough crust and rarely reaching the surface. 

These intrusion'> were accompanied h;v a gf'neral continental uplift, 
raising the whole Territory 3,000 to 10,000 feet abo\"e sea level. Dis­
locations outlining the principal ranges accompanied this crustal 
moyem€'nt. In the prolongation of the Rocky :\Iountains of Colorado 
th, sediments were domed and then cut by vertical faults, along 
which subsidenoo took place. After ero,>ion the~e ('onditions would 
produce the impn'8sion of a vertical upthrust of the pre-Cambrian 
rocks. 'l'his north-central pal·t now forms the highest mOUlltain 
region of t,he Tetritory, riSing to eleyations of 13,000 feet. South 
of Glorieta, where the Rocky Mountains proper dip below the Creta" 
ceous sediment~, the b€'ds were suldected to stresses ·which produced 
llionoclinal bloeks with more or less pronounced fault scarp". The 
principal di<;t.urbances probably outlined the present yalley of the 
Rio Grande and are marked by a series of sharply accentuat.ed north­
smith range,> of apparently tilted blocks, such as the Sandia, ltJanzano, 
Oscura, San Andre-as, and Organ rallges on the east side and t,he Saci­
miento, Limitar, l\Iagdalena, CriAtobal, Caballoll, alld Ouchillo Negro 
ranges on t.he WCAt. Some of the scarps face eallt, others we"t. Hen' 
als{l the apparent tilting may be the result of domillg, faulting, Md 
subsidence. At the same time was outlined the- easternmost chain 
of the Xew :'Uexico l'anga", which is separated from the Organ, San 
Andreall, and Oscura chain by the structural depressions of the Sarra­
menU> '"alley. Like a grac('ful festoon this chain extend" into Xew 
Mexico from' trans- Pecos 'l'exas and contains three unit", the Guada· 
lupe and Sacramento mountains and the Sierra Blanca, all of them 
with gentle easterly slopes and steep western scarps. At thc north 
the Sierra Blanca merges into a llret,accous plate-au; on the ewt ~id€' 
of the chain lie the almost level Tertiary strata of the Hano l."Rtacado, 
affe-cted only by a slight continental uplift. ThiH plain is separated 
from the ranges by erosional scaipA. . 

'1'he nOl'thwestenl part of New )IexicD participated in the gt'neral 
uplift but suffered onl;y slight deformation. This is the Plateau 
proyince prDper, characterized by gently dipping Cretaceous strata 
that have been sL'Ulptured by erosion into ter]"ru:~es and scarps. It 
('ontains the broad uplift of the Zuni lllatcall, in which el'Osion hu.'> 
exposed. the older strata down to the pre-Cambrian. It is surmounted 
by some flows of Tertiary and Quaternary lavas. On the east it is 
limited by the ancient land UlasS of pre·Cambrian rocks, the Hope­
well )Iountains, and fart.her south by tho westward· facing Scarp 
of the first of the monoclines of central New 1tIexico, the Sierra 
Xacimienw. 

In central New Mexico the Plateau provincc extends far to the east; 
it is generally considered to cease at the Hio Grande, but in l'cality 
the high plateaus continue for some distance e&«t of the local inter­
ruption by the )Ianzano and Oscura ranges Ulltil, near the eastr-rn 
boundary of the Territory, they finally mcrge into the Great Plains. 

K ortheastern X ew Mexico is commonly refened to as a part of the 
Great Plains, but it is in reality, as pointed out by Hill, 3 an eroded 
plateau of Oretaceous rocks, surmounted by basaltie flows. 

The )Iimbres or Black Range, which lieR ,vest of the Rio Grande, 
is supposed to mark the lOoutheastel'll limit of the Plateau proYin('.e. 
In structure it appears to show some relationship with the Rocky 

~ Lindgren, 'Valdemar, Graton, L. C., and Gordon, C. H., The ore depos­
its of New ~e:dco: U. S. GeoL Survey Prof. Papar 68, pp. 25-26, 1910. 

'Hill, R. T., Notes 011 the Te:xas-New Mexico region: Geol. Soc. America 
Bull., vol. 8, pp, 85--100, 1892. 

:!tfountain ranges of northern Xcw )Iexieo. It" appeamnce is that of 
an upthrust of pre-Cambrian rocks, flanked on both sides by Paleozoic 
rocks dipping away from the core. 

'l'he extreme southwest corner of Xew )Iexico emhraces a part of a 
prodnce for€'ign to the Tel'1'itory as a whole-that of the Arizona 
desert ranges, numerous and ~maJI, hending northward and separated 
by de.«ert basins. That these ranges are post-Cretaceous aclmit" of 
little doubt. Probably they were outlined during the sallie early 
Tertiary deformation that product:!d the ranges of the Rio Grande 
valley. They differ from tho latter by a far less marked monoclinal 
structure, They were- probalJly outlined by faults, hut few of the 
dislocatiollf! are conspicuous in their pl'e~e])t topogTaph~·. 

The orogenic mowment« which outlined the prcsent topography 
tended to create lake basins. '1'hns a large Eocene lake existed in 
nOl'thwestNn Xcw Mexico and another of later Tertiary age in the 
upper yalley of the l-tio Grande. 

Ever since the upliftf-l and deformatiou" ero"iOll haH been acti .... ely 
cmleaYoring t.o modify the Hcarps of the l'alJg(.\« Md trench the pIa­
t.eaus. lrom the bulging (lomeS of sediments over lw:colithic intl'u­
lOions it has carved the mountain groups of the Cerrillo.", Ortiz, and 
San Pedro. 

About the middle of the TeTtiary, after erosion had been at work 
for a long time, masses of htya began to pour out oYer the southern 
part of the Plateau pl'm'ince, They flooded the Black Range and the 
country we~tward to the Arizona liue. At centers of eruption there 
rose above this plateau great piks of YOICailic rocks, such as the 
)Iogollon Range in the west, the Ran Mateo Mountains north of the 
Bla('k Hang(\ and the Yalles }iountains llOrthwest of Albuquerque. 
The alldesitic amI rhyolitic ernptions ceased, but shortly afterwards, 
in latc 'I'ertiary and f'arly Quaternary t,ime, basalt began to issue from 
generally inconspicuolls \ ents and covered large areas in the upper 
Rio Orande and on the Cretaceous plateau in the nOl'thefiRt. 

In diminishing .... olume t.hese flows continued to a recent time, but 
the deformational and igneous history of the Tertiary ends at the 
beginning of the Quatemary. Sillce that time the only important 
changes in the topography haye been those effected by erosional 
agencies, in reducing the bulk of the mountains, in building enormous 
debris fanl', in draining lake'>, and in deepening canyons. A brief 
glacial epoch left it" imprints on the- highc~t rangf' of the Territory 
between Santa Fe and the Colorado boundary line. 

CLHLA.TE AND VEOETATIOX. 

The climate of New Mexico has been described by A. J. 
Henry, from whose report the following extracts are taken:4. 

Its climate is dry and eqnable i the maximum of sunshine ,is in the 
fall and winter; the maximum of precipitation is in midsummer, dur­
ing July and Augnst, The daily yariation of temperature is very 
great. Beneath the cloudless sky the porous ~andy soil, barren of 
vegetation oyer large ar€'as, is quick to receive the sun's heat and 
quick to give it up. High winds aTe frequent during the eady part 
of the year, but destructive winds are mre. The only storm of record 
approaching the intensit~' of a tornado OC~Ul'l'ed in the extreme north­
Ntst portion. Xew Mexi('o is not included in the "tornado belt,)' 

* * * '1'he climate of 'the northwestern half of the Rtate in gen­
eral, comprising the more ele\Tated and mountainous portions, partakes 
of the nature of thl' typical climate of the "Rockit'S," mOllified by 
geographical position .. The southeastel'Il half in general, comprised 
mainly of sloping tallIe-lands having s('ant vt'gation and infrequent 
surface a dimatt' t.ypical of the semiarid Southwest. 

* 
The annual mean temperature for the State is 54°. The avera,!!,'e 

winter tempe-rnture is 36°; sprillg, 530 ; summer, 720 ; fall, 550 • 

The highest temperature recorded h 110° at Roswell; the Im\'est, 
23 0 below zoro at Aztcc. * * * 

There is a dearly defined "wet season,)) beginning rather abruptly 
early in July, reaching its maximlJm the latter part of July or early 
in Augul:lt~ and more gmdually decreaSing to a minimum in March, 
during whieh month onl~T 3 pel' cent of the total annual precipitation 
occurs. About·one-third of the total ann11al precipitation occurs 
during July and August. Over the Continental Diyide anti in the 
ext.reme north the wet sea<,on is not so clearly defined as oYer the 
southern, central, and eastern portions, In general the rains of the 
wet season occur in the afternoon as thunder showers of short dura­
tion. The showers are frequently torrential in character, badly wash­
ing the loose soil. * * * The ayerage annual precipitation of the 
stations is 13 inebes, which is helieyed to apPl'Oximate closely the 
annual mean precipitation of the whole State. Over the valley of 
the Rio Grande, which is the driest portion of the State, there is an 
ayerage of les,> t,han 9 inches a real', while over the higher mountain 
ranges bot.h the winter and sumlllcr pl't'Cipitation is much greater, 
probably ayeraging 25 inches and oyer at elevations of 10,000 f€'et and 
above. The summer shOW('r,,> are sometimes accompanied by severe 
hail, most frequently OCCUlTing over tho more elevated plateau of 
northeastern New )Iexico. • 

In the Silver City quadrangle differences in altitude result 
in considerable local differences in climate. The mountain 
region receives considerable minfal1, supports a forest, and is 
notably cooler in summer than the neighboring low·lying 
territory bordering the desert, which receives far less rain, sup­
ports no forest, and, lying beneath clear and brilliant skies, is 

4 Henry, A.. J., Climatology of the United States: r. s. Dept. Agr. 
Weather Bureau BulL Q, pp. 888, 889, 897, 1906. 



characterized by intense heat. Frequently during the summer 
cloudless, moisture-htden winds rise against the mountains, 
throotening masses of cloud a.ppear, and showers fall-at times 
torrential downpours. 

In the spring the @onow lies lunger on the nortllf'rn slopes of 
the higher mountains and moisture is more gradu!:IlIy con­
trihuted to the soil, so as to produce good forest growth. 
Douglas fir, white fir, long and short leaved pine, walnut, box 
elder, cottonwood, live oak, Gumbel oak, !:Ind aspen are among 
the larKer trees. Scrub oak nnd mountain, mahogany and 
many other varieties of bushy growths fire abundant. On the 
southern slopes, however, insolation is greater and moisture is 
more rapidly evaponlted, generally only enough remaining to 
support a more 01' less scrubby vegetation. l\'iHny varieties of 
grflss grow on the harder lauds of tJle desert and on the higher 
gravel plains; and lwiny 8pecies of cacti are found in the 
desert. Droughts and o\'erstocking have combined to reduce 
greatly the value of the pasture lands, and every year IlIfmy 
cattle perish misera\>ly from stanation. 

TOPOGRAPHY. 

GEX:CRAL FEATURES. 

The Silver Cit.y qUfldrangle lies on the bor.der of a moun­
tainous region. In the area northwest of it the Mogollon 
Mountains and the San Francisco and Tula.rosa r~mg:es towel' 
in ru.e:ged piles to altitudes of about 10,000 feet. On the 
northeast the Mimbres Mountains reach equal altitudes. On 
the south, on the other hand, for mflny miles stretches a oesert 
broken only by scattered island-like mountain masses. The 
quadrangle lies partly' in the mountuim, partly in the foothills, 
and partly in the desert plains. 

There are four principal groups of mountains in the quad­
rangle-the lavfl runge in the northern part; the lava range 
south of Santfl Ritn, in the efl8t-centrul purt; the Big and 
Little Burro .)fountains in the sonthwef3tern part; and the 
range extending northwestward froUl Sih'el' City to Bear Moun­
tain. There aT'e also se\'eral smaller groups. 

The lava range at the north culminates ill Black Peak at 
an elevation of 9,020 feet above sea le\'el and 4,200 feet above 
the gravel deposits in the nortlHvest and southeast corners of 
the quadrangle. :J.feasured from the foothill region at the 
southern base of the range, the difference in altitude does not 
exceed 2,000 feet. The range is sharply dissected, being 
traversed by many steep-walled and picturesque canyons, but 
though most of the monntains are steep the range does not 
present an appearance of gl'eat ruggedness, for it is covered to 
its very summit by vegetation. Most of the roughest parts are 
the nearly vertical-walled canyons of' the streams. 

The lava range south of Santa Rita is of more moderate 
relief, rising not more than 1,600 feet above the I'!.'ravel floor at 
its western side. In detail, however, it is deciqedly more 
rugged. Imposing cliffs rise on three sides (see PI. Y) and 
steep, bare canyons dissect the range. Vegetation being 
sparse, rough and curious forms of weathering are abundant, 
all combining to produce an aspect of wildness and desolation. 
(See PIs. II and Vr.) 

The Big Burro Mountains, in the southwestern qua.rter ,of 
the quadrangle, rise to an altitude of 8,054 feet in a double 
peak, from \'{hich the country slopes away in all directions. 
The sides and lower slopes of this subconical mass are sharply 
dissected, hut the term rugged could hardly be applied to any 
of this territory. 

l'{orth-northeast of the Big Burro Mountains and across the 
gravel-filled :J.fangas Valley, the Little Burro Mountains rise 
to heights of 6,500 feet, about 500 to 700 feet abo\'e the gen­
emllevel of the surrounding gravel plain. The form of these 
mountains (which trend northwest and are about 8 miles long) 
is asymmetric. The western fflce is generally steep-here and 
there precipitous-and rises abruptly from the dissected gravel 
plain. The east side, on the other hand, merges gradually into 
the plain. 'Vind Canyon, which crosses the north end of the 
mountains, is vertical walled, though notdeeplyincided. Redrock 
Canyon also And se ... ·eral smaller ones give the hills a semblance 
of ruggedness, unusual with features of relatively low altitud~. 

The range of mountains of moderate relief which trends 
northwestward from Silver City culminates in Bear Mountain, 
a peak 8,050 feet high. These mountains are called in this 
folio the Silver City Range. South of Bear Mountain the 
range, in a broad way, is asymmetric in form, the western 
slopes being far steeper than the .. eastern, which have assumed 
lower angles in conformity with the dip of the sedimentary 
rocks that form them. North of Bear l'Iountain the asym­
metric form is not so clearly evident, though its effects may be 
detected in the sharp canyon cutting which characterizes its 
western sides as contrasted with the gently sloping mesa which 
forms the eastern slope. The southern part of the mountains 
is not rugged and merges gradually into the gravel at the south 
end; the northern part, however, especially in the eanyoDs at 
the north end, is somewhat rugged. 
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Pinos Altos Mountain, which lies in the north-central part 
of the quadrangle, directly west of the town of Pinos Altos, is 
one of the smaller groups of hills. Its highest point reaches 
an altitude of 8,036 feet. Lone ::\Jountain, another of the 
smaller groups, is in type a counterpart of the southern por­
tion of the Silver City Range. Its steep side is on the south­
west and its northeast slope is gentle. These hills rise hut 
400 feet above the gra vel at their base. 

FOOTHILLS. 

A considerable part of the qlladrangle lies within the 
foothills of the several mountain groups. Such areas are 
characterized by generally low relief and with the exception 
of occasional hills present no striking topographic features. 
Stretching eastward from the Silver City Range is a rolling 
plain like area out of which rise snch hills as the group near 
Gomez Peak and the hills southeast of Pinos Altos. This 
plain extends be,yond Fort Bayard, east of which the country 
becomes more hilly. The country northwest of Gomez Peak, 
though not mount.ainous, is decidedly rougher apd in the 
northern part of the quadrangle merges into the dissected lava 
and gravel benches that are more fully described below. In 
the areas north and south of the Big Burro Mountains the 
topography is generally hilly. 

PLAlNS. 

Along the southern border of the quadrangle lies the north­
ern edge of a great gra vel-covered desert that extends far to the 
south. Toward the mountains this desert area grows less 
forbidding, and near the mountains the gravel is covered in 
the rainy season with grass and shrubs. The desert, a dis­
sected gravel plain, ,sweeps northwestward between the Big 
Burro Mountains and the Sil vel' City Range and isolates the 
Little Burro Mounta.ins in an island-like mass. A broad area 
of gravel in the valley of Bear Creek in the northwest corner 
and another in the valley of }Iimbres River in the northeast 
corner of the quadrangle produce the same topographic effect. 

SURFACE FORMS. 

The surface forms of the region, broadly viewed, may be 
divided with respect to the dominant features int.o three 
groups: forms developed iu Quaternar.y gravel, forms charac­
terizing the Tertiary lavas, and forms de\teloped in pre-Cam­
brian, Paleozoic, and Cretaceous intrusive and sedimentary 
rocks. The last division might he subdhTided into forms in 
sedimentary and forms in igneous rocks. The Quaternary 
deposits are sloping. even-topped grawl plains, intricately 
carved by erosion. \Vhere the di"sected gravel sheet rises to 
meet the mountain sides the arroyos within it are sharp4.y 
incised and are separated by flat-topped, evenly sloping ridges, 
the valley floors are narrow, and the gradients are relatively 
steep. By degrees, with increase of distance from the hills, 
the contours become softer, more rounded, the valley floors 
grow broader, the intervening ridge tops, now lower, take on 
cUJ'ving lines, and the gradients are markedly reduced. Where 
the gra\·el sheet merges into the desert the valleys ure broad 
and shallow anp- p,isappear in an almost featureless plain. 
This petfect topographic transition from a clean cut, sharply 
incised border to the full unbroken desert level expresses per~ 
fectly the geologic change which has taken place; an area of 
acti ve erosion 14as merged .'into one of,active deposition. 

Hells Half Acre, in the northwest corner of the quadrangle, 
is a fine example of rugged sculpture in the gravel. . In Welty 
Canyon, in the same corner, cliffs of gravel form an apparently 
unbroken wall, and only close inspection reveals the tortuous 
course of the stream bed meandering between narrow canyon 
walls several hundred feet high. The bluffs are curiously 
carved and pinnacled, and are altogether a remarkable example 
of the operation of erosion upon semiconsolidated material. 
(See PI. IX.) On the border of Gattons Park also, in the 
northeast corner of the quadrangle, sharp dissection of the 
gravel, which in places is indurated and is essentially a con­
glomerate, has produced a generally rugged topogmphy, and 
the tortuous steep-walled canyons are so na,rrow near their 
heads as 8carcely to 'admit one's body. AU stages of gradation 
may be seen ,from this type of extreme incision to the flat, 
featureless plains of the desert. For example, along the edge 
of the bench gravel on the west side of Mangas Valley, more 
rounded forms are general and the outlines become softer as 
the desert is approached. (See PI. XII.) 

The second distinct topographic type, that presented by the 
Tertiary lavas, is the result of the sharp dissection of nearly 
horizontal sheets of lava interbedded with water-laid tuff and 
gravel. The lava ranges, when viewed from a distance, ap'pear 
to be immense piles of superposed subhorizontal sheets, in places' 
presenting precipitous scarps to the surrounding are.."1s. (See 
PI. V.) Their dominant characteristic, therefore, is their flat­
topped table-like appearance. In detail the varieties of form 
which the nearly horizontal sheets assume are striking. In 
certain flows the sllrffWe weathering, apparently controlled by 
a system of vertical joints, has produced forms that resemble 
a village of' closely set conical towers. (See PI. VI.) In 

other places huge residual masses rest on the sUlface of the 
lava,. Some of .these form groups or clusters, and where they 
occupy elevated positions above an open green dotted with 
trees, they create a landscape of grea.t beauty, the pink tones 
of the rhyolite, the clear blue skies, and the parklike grass land 
each adding its attraction. This weathering into curious forms 
is far more common in the rhyolitic lava than in the basaltic or 
andesitic lavas, which, in the range south of Santa Rita, cap the 
mountains, as they do in much, of the northern area, and 
weather in more rounded forms, giving a suggestion of great 
domes resting upon the more nearly table-like rhyolite beneath 
them. 

The third group of' topographic forms comprises the features 
shown by pre-Cambrian, Paleozoic, and Cretaceous rocks, and 
the intrusiye igneous masses. The mountain masses, whose 
form is primarily influenced by sedimentary strata, are asym­
metric-that is, they have steeper slopes on' the west than on 
the east. This difference is due to their structure, the moun­
tains being monoclinal fault blocks with decided e...Rsterly dips. 
The range at Silver City, Lone Mountain, and the Little Burro 
Mountains are three groups whose form is dependent on such 
structure. Each range is further characterized by a medial 
valley, more or less deeply incised, which roughly divides it 
into two parallel ridges. This feature, due to a soft shale, is 
best shown in the range near Silver City, the outline of which 
in ideal section is illustrated in figure 3. In the Little Burro 

Gentle northeR~t slopes tollow tbe bedding of the rocb; steep southwest slopes crO!!!l the edges 
of tbe rook layers. 

Mountains and at LOlle Mountain valleys have been formed on 
shale that overlies quartzite. At Lone Mountain, however, the 
eastern ridge is a minor feature, eroBion having so thinned the 
overlying limestone that, though a vaUey is present its topo­
graphic expression is not striking. 

As the pre-Cambrian rocks of the region are largely igneous, 
and the minor areas of schists have not influenced topography, 
the ancient intrusives fall into the same class topographically 
as the later igneous masses. In thfl area in which intrusive 
igneous rocks have formed appreciable elevations above the 
surrounding country, the forms are simple-either cones or 
more or less symmetric ridges, both with minor irregularities. 
The principal peak of the Big Burro Mountains rises boldly 
from a relatively well-defined platform in a decidedly conelike 
form. It is true that a long ridge, forming here the Conti­
nental Divide, juts off in a southerly direction, but this feature 
does not greatly alter the fact that erosion has cut a great cone­
like mass largely from pre-Cambrian granite. 

The group of low mountains formed by the intrusive mass 
at Gomez Peak north of Silver City is an even better example 
of this conelike shape. Bear Mountain is still another .cone­
like peak, cut by erosion from a later porphyry intrusive 
stock. Pinos Altos Mountain, on the other hand, is a narrow 
symmetric ridge formed of dioritic ro~ks. 

Intrusive masses do not, however, everywhere occupy ele­
vated positions. Between HanQver and Fierro a granodiorite 
mass occupies a valley cut along an anticlinal axis. On 
Shingle, Bear, and Allie canyons thet·e are two low-lying 
intrusive masses, and the great sill-like intrusion ou which 
Fort Bayard is built occupies in the main a low-lying area. 

DRAINAGE, 

The Continental Divide passes through the quadrangle :from 
its south'!est to its northeast corner. All northerly drainage 
reaches Gila River and ulti~ately the Gulf of California and 
the Pacific Ocean. AU· so.utherly drainage flows toward the 
Rio Grande' but, encountering the sands of a desert region, 
sinks. ,beneath, the sUlface and is lost. Mangas Rivet; and 
Bear Creek, with their tributaries, are the channels for the 
northern flow. Mimbres River and its tributaries, Rustler 
Canyon, Martin Canyon, Whitewater Creek and its tributaries, 
San Vieente Arroyo and its tributaries, and other small streams 
carry the southward-flowing water to the desert. 

The fall of rain is insufficient anywhere in the region to 
produce perennial streams. A number, however, such as 
Bear Creek and ita tributaries, Allie, Bear, and Shingle 
canyons, and Santa Rita Creek, are fed by springs sufficiently 
strong to afford a meager supply for man or beast at isolated 
localities. As a whole, nevertheless, flow in streams is regu­
lated by tOlTential downpours, rising to floods as' the storms 
break and sinking to trickling rivulets as the clonds dispel'se. 

Since this intermittent flowage is one featureof' a,climatic 
condition that tends to produce rapid disintegration of the 
surface, through sporadic but effective removal of, loose mate­
rial by violent ra,ins, most of the stream valleys, contain far 
more waste material than the floods are a.ble to carry off. This 
is especially true of areas in which there is ,an abu:(ldant supply 



of scmiconsolidated gravel-areaa, for example, underlain by 
Pleistocene deposita. Even within the mountains all the 
larger stream valleys are floored with a mantle of coarse gravel 
and sand, which only awaits a heavy downpour to join in a 
muddy torrent that travels in a wave down the canyon-an 
agent of great erosive force. 

As a direct result of these conditions-that is, of intermittent 
rainfall and a local abundance of semiconsolidated material­
many streams within the gravel-covered areas have a dual 
character j in their upper courses they are degrading or cut­
ting, in their lower reaches they are aggrading or building 
up. The point of' change from one character to the other 
differs with the intensity of tlie floods. 

One who observes the yalley forms of any single drainage 
system in the region-such, for example, as Mangas Valley 
and its network of small tributaries-will at once note that 
most of the streams haye two distinct parts, in which the yul­
ley form is different-namely, a part cut in hard rock and a 
part cut in semi consolidated gravel. In the Mangas drainage 
system the main stream lies entirely in semiconsolidated mate­
rial, but all the tributaries flow for some distance over hard 
rock in their headwater portions and lower in their courses pass 
on to semiconsolidated deposits. The difference in the valleys 
in the two portions of the stream is striking, yet most natural. 
The gmvel deposits as they are to-day may be considered part 
of a dissected sloping plain whose surface was approximately 
smooth when dissection began. A drainflge system developed 
upon sueh a surface and in relati \Tely homogeneous material 
could produce, in the main, only very regular yalley forms. 
On the other haud, the parts of the streams that are cut in hard 
rock have none of this regularity, their shaping depending 
upon many diverse factors. Considered as to yalley forms the 
gravel areas may be readily grouped into two classes-those 
where active deepening of the valley is proceeding, and those 
where building up or aggradation is the dominant process. 

The valleys in the first class are V-shaped and narrow, the 
gradients are relatively steep, and there is little or no filling 
in the valley floors. Valleys of this type are confined to the 
upper parts of the streams. The valleys of the second type are 
broad and shallow, there is a prominent flood plain, and at the 
mouths of streams allu vial fans are accumulating. 

All transitions between the two types may be seen. The 
first may be very narrow and canyon-like, the second may be so 
shallow that it merges imperceptibly into the desert. Mangas 
Valley is an excellent example of an intermediate type. Its 
floor is a quarter mile to a half mile wide and into it from both 
sides tributaries empty their load of waste material, which 
accumulates ill numberless perfect fans at the edge of the 
valley. 

A process of trenching, begun during Recellt time, consists 
in a head ward cutting or trenching of the flat valley floors of' 
uE the streams in the gravel areas. In cross section this fea­
ture is illustrated in figure 4, and its appearance in nature 

FIGURE 4.-1deal ~eGt1on illulltrating the :relations of Recent etreuw trench· 
ing (a) to the v~lley fill (b) in an older valley cut in bedrock. 

may bf3 seen in Plate XIII. The reasons for this marked 
feature will be discussed under the heading HPhysiography" 
(pp. 12-13). 

The gradient of J\1angl:ls Valley in the 4 miles of its head­
water portion is 125 feet to the mile. In the next 11 miles it 
averages only 60 feet to the mile. \Vind Canyon, a fairly 
typical larger tributary from the east, confined prMtical1y 
throughout its course to the gravel area, has a gradient of 
about 140 feet for the lower 6 miles of its course, but the 
gradient increases rapidly upstream. 

The gradient of Bear Creek, in the northwest corner of the 
quadrangle, is 66 feet to the mile in the portion flowing over 
gravel, averaged over a distance of 10.5 miles. The gradient 
in the rock·('ut portion immediately above the gravel is 96 feet 
to the mile, ayeraged over a distance of 5.2 miles. 

In the mountains the gradients increase rapidly. Such trib­
utaries to Bear Creek as Steamboat and Holman canyons have 
gradients of 600 to 800 feet to the mile in their upper parts. 
Enough has been said to indicate the important differences of 
stream type in the region. What has been said of Bear. Cre~k 
and Mangas Valley would apply with modifications to the 
Mimbres drainage system and to the streams in the central 
part of the quadrangle. Much variety in detail is to be 
expected in an area where rock structures are very di verse. 

CULTURE. 

The town of Silver City, with a population of about 3,000, 
stands near the center of the quadrangle and is the terminus of 
the Deming and Silver City branch of the Atchison, Topeka & 

Sllv"rClty. 

3 

Santa Fe Railway, which extends to the main line and con­
nects with the Southern Pacific Railroad at Deming, N. Mex., 
about 46 miles southeast. Within the quadranp;le also are tht:' 
towns of Leopold, l'yront:', Pinos Altos, Central, Fierro, Hall­
over, and Santa Rita. Fort Bayard, a military post to which 
is attached a large hospital for tubercular patients, is a mile 
north of the town of Central. 

The Santa Rita branch and the Hanoyer branch of the 
Atchison, Topeka & Santa. Fe Railway 'connect Santa Rita, 
Fierro, and Hanover with the Deming and Silver City branch 
at Whitewater, a junction point 5t miles north of the southern 
bOJ'der of the quadrangle. A branch of the El Paso & South­
western road connects Tyrone with Deming. A narrow-gage 
railroad connects Pinos Altos with Silver City. 

A stage line is run between Silver City and the Mogollon 
mining district farther north; there are stage lines between 
Siher City, Leopold, and Santa Rita, and all the principal 
towns are connected by wagon roads. 

1Iining is the industry of first importance. All the towns 
either are or have been mintng centers. Silver City, as the 
railway terminus, has long been ft supply point for surround­
ing mining districts. 

Cattle raising is also an important industry, and despite the 
seasons of drought many head are shipped annually to more 
northern pastures. 

Parts of tbe Gila National Forest lie within the quadrangle, 
and lumbering on a smal1 Rcale is carried on within them. 

DESCRIPTIVE GEOLOGY. 

STRATIGRAPHY. 

ROOK FORUATIONS. 

The rocks of the Silver City quadrangle are in part of sedi­
mentaryand in part of igneous origin and range in age from 
pre-Oambrian to Recent. The sedimentary rocks fall into two 
general groups, one consisting of hard strata, of Paleozoic and 

I .~ I' Lava ttows an(\ Int8rhedded 
t: sediment". 
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Chara.cter or rocks 
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FIGURE ~.-Generalized Golumnllr section of sediwentary rocks exposed in 
SUver City quadrangle. 

Scale: llnch_l,OOOreet. 

Mesozoic age, and the other of unconsolidated or partly con­
solidated gravel and sand, of Cenozoic age, forming extensive 
bolsons 01' desert plains. The hard strata consist of quartzite, 
sandstone, shale, and limestone and comprise formations repre-

senting all the Paleozoic systems, though each is represented 
sparingly. Ko Triassic or Jurassic strata are kno'wn, but the 
Cretaceous system is represented by two formations, one cer­
tainlyand the other possibly of Upper Cretaceous age. The 
unconsolidated deposits forming the bolsons are chiefly of 
Quaternaryagt:', but the sand and gravel interbedded with the 
lava flows are of Tertiary age. 

The igneous rocks likewise fall iuto two general groups­
one consisting of granite and assoeiated rocks of pre-Oambrian 
age, and the other of a great series of intrusiye and effusive 
rocks of Cretaceous (?), Tertiary, and Quaternary age. The 
intrusi ve rocks occur in stocks, dikes, and laccolith-like bodies 
a.nd comprise granouiorite, quartz monzonite, quartz diorite 
porphyry, andesite porphyry, rhyolite, quartz latite, and simi­
lar rocks. The effusive rocks form an extensive series of flows 
and flow breccias and comprise rhyolite, latite, andesitt:', and 
basalt. Interbedded with them is tuff and detrital sRnd and 
gravel. 

The general character, thickness, and order of succession of 
the stratified rocks is shown in figure 5. 

PRE-CA'!tIBRIAN ROOKS. 

The pre-Cambrian rocks of the quadrangle comprise many 
granitoid varieties, some of which are gneissic, and minor ill­
defined schistost:' and quartzitic masses, which are metamor­
phosed ancient sediments. T.he entire complex has been 
mapped as a unit. The pre-Cambrian rocks southeast of the 
Big Burro Mountains are cut by a grt:'at number of rhyolite 
dikes oflater age, which are not mapped ~eparately. North of 
the mountains are masses of granitoid rock, probably dioritic, 
which haye been mapped with the granite. 

Granite occupies a considerable area in the Big Burro 1Ioun­
tains and the western flanks of the Little Burro Mountains 
nearlv to the crest line. l\f uch of the western flank of the 
Silve~ City Range and the northern part of Treasure sIoun­
tain are also occupied by pre-Cambrian rocks. 

The granite, which is typically exposed in the Big Burro 
Mountains, is a medium to fine grained gray biotite granite 
composed of dominant orthoclase with some albite, abundant 
qmll'tz, and pleochroic bro'wn biotite, with accessory apatite, 
titanite, and iron oxide. Coarse~grained and porphyritic 
varieties are also found. A specimen of coarse-grained granite 

'from the Chemun~ mine 'contains orthoclase crystals an inch 
long in a groundmass of orthoclase, quartz, and chlorite, the 
chlorite being an alteration product of mica or horn blende. 
Magnetite and apatite are accessory minerals. 

Intrusions of granitic magmas probably occurred at seyeral 
periods during pre-Cambrian time, though certain coarse­
graint:'d granites may grade into fine-grained types, and it is 
possible that several stages of intrusion might be recognized 
and mapped. 

CA'!tfBRIAN 8YSTE3f. 

Definition.-The Bliss .sandstone, with which the Cambrian 
sandstone of the Silver City quadrangle is correlated, was 
named from Fort Bliss, near the eastern base of the Fra.nklin 
Mountains, in the El· Paso quadrangle. 1 It rests unconform­
ably on the pre-Cambrian complt:'x. In the Silver C,ity 
quadrangle the formation consists of quartzite, calcareous sa.nd-: 
stone, and dominantly arenaceous limestone. The top of the 
formation is not everywhere well defined, as there is a transi­
tion zone between it and the overlying limestone. The sepa­
ration has been made as nearly as 'possible a,t the horizon 
where the strata cease to be dominantly arenaceous, generally 
at the top of a thin quartzitic bed. 

Oharacter and thickness.-The character of the formation is 
shown by the sections given below. The base is generally a 
vitreous quartzite, overlain by fine-grained greenish sandstone, 
in many places slightly calcareous and in some places flaggy. 
The greenish sandstone differs in character from place to place; 
here it is a hea vy cross-bedd8d quartzite, there it is a soft 
ferruginous sandstone. Glauconite is a conspicuous constitu­
ent of all the beds. The top of the formation is generally a 
thin quartzite or glauconitic sandstone, the beds above which 
are more calcareous and have a vermicular aspect on weathering. 

The formation is probably not more than 180 feet thick and 
as it is a basal formation its thickness is not uniform_ 

Section of Bliss sandstone on west side of Billle'!' OUy Range east of central 
portion Of 'l'reaaure Mountain. 

Feet. 
Sand~ton8, coarse, glauoonitic ________________________ .____ 12 
Limestone, ~andy, with thin wavy bedding (fuMidal 

markings'/) _" ____ . ______ ~_________ 47 
Quartzite, rather COM~e, waesive, vitreou~, ~lightly cross-

bedded ___ ~ ._______ _____________________ ____________ 17 

Sandstone, calcareous: thin bedded. with wavy bedding 
(fucoldal warklngs?) __________________ .__________________ 57 

Quartzite, ma~8ive, cross·bedded, ferruginou~ and glau. 
Gonitic, with some layers of quartzitic Gonglomerate_ ___ 17 

Sandstone, ~oft, glauconitic_______ 18 
Quartzite, massive, coarse, s!l1ceou~_______ _____ 15 

178 

1 Richardson, G. B., r. S. Geol. Survey Geol. Atlas, EI Paso folio (No. 
166),1909. 



Section of Bliss sandstone on west side of Sil<oer City Range at a point 
nearly east of southern end of Treasure Mountain. 

Sandstone, calcareous, thin bedded (glauconitic sandstone 
layer at top)___________ _______ 40 

Sandstone, mMdve, cross-bedded (somewhat calcareous in 
lower part) _____________________ 150 

Sandstone, glauconitic (not as much glauconite as below)__ 40 
Sandstone, glauconitic, ferruginous, crosB-bedded_______ 20 
Sandstone, coarse, quartzose ____ 12 

162 

Dish-ibtdion.-The formation is not widely distributed. It 
is found along the western base of the 8il ver City Range, 
including its northwestern outliers-Treasure Mountain and 
the hills to the northwest. It also forms the western base of 
Lone Mountain and underlies several small areas in the much 
disturbed region between Sycamore Creek and Bear Creek. 

Fossils, age, and correlation.-The only fossils collected from 
the Bliss formation were obtained in glauconitic sandstone that 
lies mostly near its base. They consist of abundant specimen:! 
of Billingsella colomdoensis and fragments of a Ptychoparia, as 
determined by E. O. Ulrich, who states that Billingsella is 
considered a characteristic Upper Cambrian fossil of the Mis· 
sissippi Valley and that the beds are therefore of about the sallie 
age as the Cambrian quartzite and sandstone of the Franklin 
Mountains, in the El Paso quadrangle, the Hickory sandstone, 
the Cap Mountain formation, and the 'Vilberns formation of 
central Texas, the Reagan sandstone of Oklahoma, and possibly 
the Coronado quartzite of Clifton, Ariz. 

The Bliss sandstone in the }~ranklin Mountains is, however, 
described as more dominantly arenaceous than the beds in the 
Silver City quadrangle, and the presence of glauconite (a 
prominent constituent at Silver City) is not mentioned in the 
description of the beds in the Franklin Mountains. Yet the 
natural variation to be expected in a basal formation would 
seem to warrant the use of the name. 

ORDOVICIAN SYSTEM. 

The Ordovician system is represented in the quadrangle by 
the EI Paso limestone, of Lower Ordovician age, and the 
Montoya limestone, of Upper Ordovician age. 

It was not possible to map the actual base of the Montoya 
limestone, as the basal beds of this formation are not readily 
distinguished from the upper beds of the underlying El Paso 
limestone, and the line as mapped is therefore drawn at a 
horizon about 40 feet above the base of the ~Iontoya limestone, 
at the base of a persistent band of very cherty limestone about 
80 feet thick, and may be easily recognized in the field. The 
El Paso limestone as mapped therefore includes a small part of 
the Montoya limestone. 

Definition.-The EI Paso limestone was named from El 
Paso, Tex.,l near which, in the Franklin Mountains, it is 
typically exposed. 'Vith this formation the Lower Ordovician 
limestone in the Sil ver City quadrangle is correlated. 

In the Silver City quadrangle the formation is composed of 
limestone and a f~w dolomitic beds and overlies the Bliss sand­
stolle with apparent conformity, though the fossils found indi­
cate a considerable hiatus. Its base is at the top of a quartz­
itic layer that generally forms the top of the Bliss sandstone. 
'Vhere the quartzitic layer is poorly developed the base is 
placed at the lowest horizon at which the beds are dominantly 
calf'.areous, so as to include no sandstone in the formation. 
The character of the beds indicates that sedimentation was con­
tinuous throughout the period of the deposition of the Bliss 
sandstone and the EI Paso limestone, but the fossils indicate a 
time break. The fossils also indicate an important time break 
between the EI Paso limestone and the overlying Montoya 
limestone, but no sufficient lithologic difference affords a basis 
for discrimination in the field. Therefore the top of the for­
mation as mapped is placed at the base of a bed of cherty 
limestone, about 80 feet thick, in the Montoya, which can be 
everywhere easily recognized. 

Oharacter and thicknes8.-The formation is dominantly ,8 

gray or grayish-blue limestone, in palt magnesian. The 
lowermost 100 feet becomes progressively less sandy from the 
base up. Fucoidal markings gi ve an effect of irregular mot-­
tling, and as the formation grows more massi ve upward chert 
becomes a more prominent constituent. 

The fOl'mation probably does not exceed 900 feet in thick­
ness. Two sections, one including th.e entire thickness of the 
formation and the other nearly all of it, follow: 

Section of Hl Paso limestone on west side of Lone Mountal·n. 

Lime~tone_ _ _________ " ___ _ 
Limestone. very sandy, might be Mlled calcareous sand-

stone: fucoidal markings, fossns __ _ 
EI Paso limestone: 

Limestone, massive, blue, cherty, containing a little 
Band throughout: thin bands of cht'rt in lower part, 
chert more abundant higher up: fossils 611 feet above 

Foot. 
28 

10 

base._ _ _______________________________ 96 

1 Richardson, G. B., U. B. Geol. Survey Geol. Atlas, E1 Paso folio (No. 
166),1909. 
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Limestone, grayish blue, gradually more massive up· 
waJ'd ___________________________________________ 1I'i4 

Limestone. blue, massive, containing a little white 
chert and in the lower portion sandy streaks; fossils 
85 feet above baBe._ ___ 119 

Limestone, sandy, mottled with impurities which 
weather out in irregular narrow bands of fuoofdal 
aspect. ______________________ ._______ 134 

Section of Hl Paso limestone on west flank of 7,1515-foot peak 11 miles west­
. northwest of Saver City. 

Feet. 
Limestone, light gray, impure, massive; fossils __ 59 
EI Paso limestone: 

Limestone, light blue to gray, mottled, impure, with 
massive gray cliif at top; fOBsils___ 21H 

Limestone, light blue, impure, mottled, fucoidal._____ 66 
Limestone, gray and light blue, sandy_____________ ___ 70 
Limestone, mas~ive, sandy, with fucoidlll markings on 

outcropping edges__ _________ 81 
Interval occupied by a dike_ 128 
Limestons, saJldy___________ 84 

Distribution.-The formation has nearly the same 'distribu­
tion as the Bliss sandstone. It outcrops on Lone Mountain, 
in the Silver City Range and its outliers, and in the country 
adjacent to Bear Creek north 'of Bear Mountain. Several 
square miles east of Juniper Hill and south of Bear Creek are 
underlain by the formation and a little of it is exposed beneath 
the Silurian strata at the extreme eastern edge of the quadrangle. 

Fossils, age, and correlation. - The following species of 
fossils, identified by Ulrich and Kirk, have been collected from 
the ;El Paso limestone: 

Fossils from HZ Pa80 Umeswne. 

_______________ J ·!.~f~:\' ~:~;E:' 
Calatblum anstedi __ _ 
Dalmtl.nella cf. D. wempeli __ 
Huenella ('1) sp. (externally much like Clarkella mon­

tanensls and Syntrophia rotundata, two Upper Cambrian species) ___________________________________ _ 

Protowarthia. cf. P. rossi _____ _ 
Bucanella nana? ______________ _ 
Lophosptra sp _________________ _ 

Raphistoma. trohiscum (?) 
Ophileta sp_ 
Eccyliopterus sp________ x 

~Ji~J~:f:: ;I;;~~;;,~L ... ·····I···~···· 
Cameroceras (rapidly spreading and elliptlclll in sec- '1 tion) ________________________ . ________________________ _ 

Unrecognizable trilobite fragments, probably two species ______________________________________________ _ 

According to Ulrich the species listed above are on the 
whole so strongly indicative of Lower Ordovician age that 
the beds containing them may be assigned to that epoch. 
Unfortunately the material is ordinarily not well enough pre­
served to permit precise specific determination, but most of the 
species are obviously related to forms described by Billings 
and others from the Beekmantown of Canada and the Cham­
plain Valley, and some may prove to be identical. Practically 
all these Lower Ordovician species are found in the EI Paso 
limestone in' the Franklin Mountains. Most of them are 
found also in the middle part of the Arbuckle limestone of 
Oklahoma, where it is exposed in the Arbuckle and Wichita 
Mountaius. The part of the El Paso limestone farther north 
is correlated with the Manitou limestone of Colorado, and the 
part to the west with the Pogonip limestone of Nevada. 

Near the top of the formation as mapped there is generally 
a thin bed of magnesian limestone, which yielded the following 
imperfectly preserved and wholly different fauna: 

Richmond fossils obtained near the lop of the El Paso limestone as mapped 
inthi8folio. 

Crinoidal fragments. 
Eridotrypa mutabilisY 
Batostoma cf. B. varium. 

DallllaJlella teetuciinaria var. 
Zygospira recurvisostrata var. 

These species are much younger, being of Upper Ordovician 
(Richmond) age, and the beds containing them belong to the 
overlying Montoya limestone. 

The Montoya limestone is named from Montoya, a station 
on the Santa Fe Railway about 10 miles above EI Paso, Tex.,\) 
where it is well exposed. 

The formation consists wholly of limestone and dolomitic 
beds. As has been already noted, the base of the Montoya 
limeston~ in the SilYer City quadrangle is not recognizable by 
lithologic distinctions, although fossils indicate a break in 
sedimentation covering much of Ordovician time. The base 
as mapped is therefore placed at the base of an 80-foot stratum 
of cherty limestone in which pink chert is characteristically 
arranged in thin, closely spaced parallel layers. This horizon 
is about 40 feet above the point where fossils indicate the 
unconformity and where the base of the formation properly 
belongs. Similarly, the top of the formation consists of lime­
stone rese.mbling so closely the beds of the overlying Fussel-

9 Richa.rdson, G. B., idem. 

man limestone that the unconformity between the Montoya 
and Fusselman, indicated by fossils, has not been recognized. 
This formation is therefore mapped with the Fusselman lime­
stone, whose top lies at the base of the Percha shale. 

Ch(Jf('acter and thickness.-The lowermost 60 to 80 feet of 
the formation, as mapped almost everywhere, consists of pink 
chert-banded limestone, which may be readily recognized in 
the field and which is useful in working out faulted structure . 
Above it are alternate thin beds of smooth whitish limestone 
and massive blue beds. Fossils are abundant, especially in 
two layers that lie 60 and 300 feet, respectively, above the 
base. Other fossiliferous horizons are near the base. Cherty 
layers are scattered through the formation. 

The highest Richmond fossils indicate that the formation is 
at least 300 feet thick. Measurements of 330 feet of strata 
have been made, including beds of the Fusselman limestone. 

The following incomplete section affords a fair idea of the 
character of the formation: 

Partia~ section of the Montoya ZimBfltone on west side of Lone Mountain. 

Limestons, massive, blue, weathers irregularly, contains 
corals _______________ . ___________ ._____ 62 

Limestone, white_ 54 
Limestone, massive, blue ________ _ 
Limestone, light colored, moderately thin bedded, smooth, 

with few if any fossils ____ . _ __ ________________ M 
Limestone, white, fossiliferous__________________ 86 
Limestone, cherty, some fossils_______ 85 

Di8lribuUon.-The Montoya limestone is largely confined to 
the eastern slope of the mountain ranges that are made up of 
S€dimentary rock. It descends in a broad sheet from the 
summit of Lone Mountain to its eastern base, where it dips 
beneath the Deyonian shale. In the Silver City Range, at 
Treasure Mountain, and in the hills on the northwest it occu­
pies a similar characteristic position. Near Bear Creek, on 
the other hand, in the intensely faulted region east of 'Valnut 
Creek, its position is not so regular, and south of Georgetown 
also its position is reversed; it dips westward into the mountain. 

Fossils, age, and correlation.-The following species of fossils, 
determined by E. O. Ulrich, were collected from the formation: 

Fossils of the Montoya limestone. 

E F G 

=::::-'","=:1' •••• '1" 
Tetradlum sp. nov. (occurring in small fas-c1cles) ____ .. __ ; _______________ _ 

Favosites aaper Lambe (pa~t) ____ _ 
FavoBites cf. F. aaper (bas larger corallites 

and marginal depressions in tabul!:e) ___________ x 
Stromatocerium huronenss ___ _ 
Dicranopora cf. D. fragilis ____________ . _________ x 

Plectorthis kankakeensis --------- ____ 1 ___ _ 

Dalmanella tersa (?)._~ __ • __________________ x 

Dinorthis lop. (coarsely pUcated form)_. _____ . ----i'--- x 
Dinorthls eubquadrata _ _ ____________ + ____ _ 
Hebertella sinuata (Richmond mutation)____ x 1____ x 
Platystrophia n. lop. near P. acutilirata. ____ ,_ . __ + ___ x 
Btrophomenasp._______ -------- " ___ 1 ____ ----

Rhynchotrema capax ______________ ,____ ____ x 
R.hynchotrema anticostiensis ________________ x ________ . ____ x x 

~::u:~~:~:1~~. ~~e::~~~~-------------~------ ---. ---- x ---- ---- _~ __ I-~-
COll1'adella Bp. __ __________________ ____ _ ___________ 1. __ . 

L~~~~~i~~~_~~._~~~~~~~~~~~~_~~_~~~~~~~_ _ _ __________ 1 ___ _ 

A. Lone Mount·ain section, just above the baslll chert of the Montoya 
limestone. 

B. Near top of ridge that stands S. 135° 'V. from point where Silver City 
road crosses Bilver City, Pinos Altos & Mogollon Railroad west of Silver City. 

C. A little higher on the hill and lower in the section than B. 
D. Northeast slope of the northern part of Lone Mountain, about 100 

feet below top. 
E. Near base of Montoya limestone, about 1 mile west of Btewart Peak. 
F. Montoya limestone, about 2 miles west-northwest of Bilver City. 
G. Just above the basal chert beds of the formation, in the BE. t BW. t 

sec. 82, T. 17 B., R. 14 W. 

According to Ulrich, the presence of the characteristic 
Silurian species Favosites aspel' strongly suggests the post­
Ordovician age of the beds that contain it. Nearly everyone 
of the other species of the list, however, are fossils' that are 
common in the upper part of the Richmond of the Mississippi 
Valley. Nearly half of them are found also in the lower divi­
sion of the Medina in Ontario. It is therefore Richmond fauna 
and the rocks are assigned to the Ordovician system. 

The Montoya limestone is to be correlated with the greater 
part of the Lone Mountain limestone in Nevada, most of the 
Fremont limestone of Colorado, and at least the upper portion 
of the Bighorn dolomite of Wyoming. 

The Richmond fauna has been found as far north as Alaska. 

SILl!rRIAN SYSTEM. 

FUSSBLMAN LIMESTONE. 

The Silurian system is represented in this area by the 
Fusselman limestone, which, for reasons already given, is 
mapped with the underlying Montoya Hmestone. 

Definition.-The Fusselman limestone is named from Fussel­
man Canyon, in the Franklin Mountains near El Paso, Tex., 

..~ 



where it is typic.ally developed. As nlready explained, the 
base of the Fusselman limestone has not been recognized in 
the Sih'er City quadrangle. The top lies at the base of the 
Perch a shale. 

Oharacter and thickne88.-The formation consists of gray 
limestone and dolomite beds whose thickness probably does 
not exceed 30 or 40 feet. At places abundant fossils are 
found just beneath the Percha shale. 

F088ik and correlation. - But a single species has been 
found in this formation in the Silver City quadrangle, a,nd that 
has been identified by Ulrich as Pentamerus sp. This species 
has been collected at many places in the Far "7est from 
formations distributed over an area lying between New Mexico 
and western Texas on. the south and northern Utah on the 
north. It has also been found near Fairbanks, Alaska. As 
the species is unknown in standardized sections its exact 
stratigraphic significance is uncertain. There is, however, no 
rt¥ison to doubt the Silurian age of the formation, the fossils 
found in it in the El Paso quadrangle being Niagaran species. 

1~he formation may be correlated with the Laketown 
dolomite of northeastern Utah. 

DEVONIAN SYSTEM:. 

Character and limits.-Rocks of Devonian age are repre­
sented in the 8il\'er City quadrangle by durk gray to black 
shales known as the Perch a shale. 

The Percha shale was named by C. H. Gordon 1 from 
Pereha Greek, Sierra County, N. Mex .• where it consists of 
dark-blue to black shales and rests on older rocks which Gor­
don calls the Mimbres limestone. In the Silver City quad­
rangle the Percha shale rests unconformably on the Fusselman 
limestone. The top of the formation is calcareous and merges 
into the Carboniferous limestone. 

The Pel'cha shale is soft and has a maximum thickness in the 
quadrangle of 500 feet, though it is in places much thinner. 

lJi8trihution.-At Lone Mountain and in the Silver City 
Range the formation occupies well-defined valleys between the 
resistant Fusselman limestone on tJH~ west and the bold scarp 
of the basal Carboniferous strata on the east. At Bear Moun­
tain, however, it forms no such valley but lies west of the 
summit and forms part of the western slope. In the moun­
tains west of Bear IMountain it lies 011 the western side of 
the hills. In the vicinity of Georgetown, at the eastern edge 
of the quadrangle, it passes beneath the Carboniferous beds, 
without giving rise to a stream valley along the strike. At 
all these localities the formation is a marked topographic 
feature and may be recognized from a considerable distance 
by the characteristic break on the slope of the mountain, the 
resistant Carboniferous beds above it everywhere standing out 
as a surmounting ledge or capping, beneath which the shale 
slopes away at a gentler angle. 

The formation is exposed also in the fault zone near the junc­
tion of Little Walnut and Walnut creeks and on the east (LIld 
west sides of the diorite mass between Fierro and Hanover. 

Fossils, age, and correlaUon.-The following species of fossils, 
collected from the upper part of the formation, have been iden­
tified by E. M. Kindle. They are of late Devonian age. 

Zaphrentis &p. 

CystiphylJum Ip. 
Fenestellalp. 
Schizophoria. IItriatula. vat'. aUI' 

tralls. 
Productella. coloradensls. 
Productella splnigera. 
Productellalamlna.tull. 
Cama.rotmchia contracta f 

Camarotcschla endl1ohl. 
Pugruu: pupus. 
Spirifer notabilil. 
Splrifer whltneyi. 
Retieularia. spinosa .. 
Athyris ooloradensil. 
A viculopeoten n. Ip. 
Bellerophon sp. 
Euomphalus eurekensls! 

The above species are found also in the lower or Devonian 
part of the Ouray limestone of southwestern Colorado. 

The Devonian of New Mexico extends from the Mimbres 
Mountains westward to the Arizona line. In the Mimbres 
range its upper part contains a rich and characteristic Devo­
nian fauna. The Devonian does not occur in the Franklin 
Mountains of Texas but is 200 feet thick at Clifton, Ariz. 

CARBONIFEROUS SYSTEM. 

De/inition.-The Fierro limestone is named from the town 
of Fieno, in the northeastern part of the quadrangle. It con­
sists of gray to blue fossiliferous limestone and includes beds 
of both Mississippian and Pennsylvanian age, as is' shown by 
the fossils. The presence of the two faunas suggests an uncon­
formity between the lower and the upper part of the formation, 
but even in well-exposed sections no separation can be made 
by lithologic differences. 

The formation overlies the PerchR shale in ·apparent con­
formity and is unconformably overlain by strata of Cretaceous 
age: Because of its lithologic differences from the underlying 
and the overlying beds it is generally easily recognized. 

Oharacter and thiekn~88.- The formation comprises beds 
ranging in color from light gray to dark blue or purplish. 
West of Silver City the upper half of the section is chiefly 

• Jour. Geology, vol. 15, p. 92, 1907. 
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light gray orflight blue and the lower half, except where the 
beds are whitened, probably by intrusions, is darker blue. 
Except in the lo ..... er 100 feet the beds are characteristically 
cherty, containing either white or black chert, and even near 
the base of the formation the beds contain some red chert. 
The rock is for the most part massive, though it contains thin, 
more or less shaly beds. Crinoidal limestone is abundant in 
the upper haH' of the formation. 

The thickness of the formation necessarily varies, for there 
is a known erosional unconformity at the top and probably an 
unrecognized one betwf'en the Pennsylvanian and Mississippian 
beds. A section 751 feet thick was measured. The maximum 
thickness of the beds in this region is about 800 feet. 

The following section shows in dp.tail the lithologic character 
of the formation: 

Seetion 0/ DUrro limestone in gulch W68t Of Saver Oity. 

I.Jlllestone. light gray, with much irregular chert _________ _ 
Limestone, dark reddish, cherty, marbled, and earthy. __ _ 
J.imestone. light gray to plnkl9J;a ____ ._M _____ ~ _____________ _ 

... , 
20 
20 
20 

Limestone. mottled. earthy. with brownish vermicular 
chert, Pennsylvanian fossfJs at base __ ' __________ . _ . _____ ~_ 10 

Interval occupied by a dike_~ ___________________ .. ____ . ____ . 18 
Limestone, light, fine mottled______________________________ 16 
Concealed Interval (fault!) _________________________________ 150 
Lim9lltone.light bluish. crinoidaJ, withchert______________ 80 
Limestone, light bluish, c:rinoidal, 'With much white chert 

at top ______________________________ . ________ .____________ 20 

Limestone, light bluish, crinoidal, with lOme white a/ld 
black chert ______ . _________________ . _____ ._~ ___ .__________ 20 

Limestone. massive, gray _____________ ~ ______ ~ _____________ _ 40 
Limestone. massive, J:lght gray, crinoidal, with some white 

chert _____ ~ _____ ~ _______________ ._. _~____ ______ __________ _ 20 

Limestone, dark' purplish, thin bedded below, becoming 
mass1ve above _________________ ~__________________________ 10 

Llmeatone. thin bedded. with chert bands inte1'bedded 
with calcareoullshale. _________________ ._. _________ . __ _ 20 

Limelltone, fine grained, dlU'k, and cherl ________ • __ M_______ 20 
Limestone, fine grained, da1'k. mall8ive. and cherL_M_______ 40 
Limeatone, fine graIned, da.:rk, and chert ______ M._ .•.. __ .___ 10 
Limestone. dark, and thiu chert ____ • _______ • ___________ .. __ 2{) 
Limestone and muoh chert._ •. _______ ._ _________________ 10 
Limestone and chert. sbaly partings_______________________ 10 
Limestone, dark. and chert, in thin alternate beds _____ .___ 20 
Llmel!tone, dark blue, flne grained, with conHiderable chert 10 
Limestone, dark blue. fine grained, with little chert ____ ~__ 20 
Limestone, dark blue, fine grainpd, with chert bands .. _____ 20 
Limestone, massive, dark, very cherty ______ ._.____________ 20 
Limestone. m&lsive, light, wIth blark chert .• _______________ 10 
Limeatone, flne graiued, blue, with much dark ch9l't __ M___ 10 
Limestone, massive. crinoJdaJ, with conlliderable red chert 

(all beds below here are more or less bleached by meta· 
morphiam)_________________ ______________________ liS 

Limestone, thin bedded. earthy, with lome dlU'k chert 
layPrs ___________________ . ________ . __________________ \. __ ._ 16 

Limestone, massive ________ ~ ___ ~ ______ . ________ .____________ 10 
Limestone, thin bedded, IIhaly ______ . ____________________ ._ 10 
Limestone. mas&lve _________________ . 
Concealed ____________________ . ______________ ~ _____________ _ 

Limestone. rather massive, pinkillh or mottled, whitish on 
" , 

outside ______________________ M ____ ~_______________________ 13 

Liml'lItone. massive, but inclined to weather IlhAly ___ .____ 15 
Limestone. mRsBive _______________________ . _________________ 18 

Limestone, mottled, pinkish, more or leiS thin bedded and 
shaly___________ _ ___________________________________ _ 

'" 
DiBt1'ibution.-The Fierro limestone is the most widely dis-

tributed of the Paleozoic formations. It is exposed at Lone 
Mountain and throughout the range northwest of Silver City, 
in areas east of Fort Bayard and north of Santa Rita, in a small 
areR west of Gomez Peak, and on the western flank of Pinos 
Altos Mountain. 

In the range near Silver City the formation is conspiclUous, 
its base forming the crest of the eastern ridge and its beds 
occupying the eastern slope. North of Bea.r Mountain a con­
sider~ble area is covered by the beds, which are involved in 
the complex structure in that vicinity. In the region east of 
Fort Bayard the strata occupy rolling upland broken by 
several hills of considerable size and abruptly terminated on 
the east along a.scarp underlain by a northwestward-trending 
band of Devonian shale. 

F088ils, age, and correlation.-The Fierro limestone contains 
an abundant fossil fauna. The following species, determined 
by G. H. Girty, have been collected: 

Fossils of the Hierro limestone. 

Lonsdaleia. n. sp. 
ZaphrentlB sp. 
Actfnominull copei 1 
Doryorinuslineatus. 
Fenestellasp. 
Pinnatopora sp. 
Rbombopora sp. 
Lioclema? IIP_ 
Lep,tama rhombolda.l1s. 

Tritlcites secalicus. 
Campophyllum torqulum1 
Zaphrentlsllp. 
Chllltetes mUleporaceus. 
Fenestella tenax. 
Btenop.ora sp. 
Meekopora f sp. 
Pr!smopora trlangulata. 

Mr. Girty says: 

Rhipidomella d. R. oweni. 
Productus medalJlI! 
Productus sp. 
Spirifer a8'. S. imbl'Q. 
Retienlaria eooperensls. 
Athyris n. sp. 
Conoea:rd1um sp. 
Platyceras sp. 
Proetus sp. 

Productus cora. 
ProductuslemireUculatul. 
Productus nebraHkenslll. 
Spir!ter cameratull. 
Spirifer rockymontanus. 
Squamularla perplen.. 
CompOllita subtll1ta. 
Cliothyridina orbicnlaJ'JI. 

These collections represent two widely different fannas, one of 
early Missi.sl!lippian and the other of early Pennsylvanian age. 
These two faullRll can readily be distinguished froJD, each other when 

they are represented by adequate collections, but a few of the present 
collections contain only two or three doubtful or ambiguous species, 
and I am unable to state positively to which group they belong. 

As one would naturally expect, the Mississippian fauna is that of 
the Lake Valley limestone. The Lake Valley fauna ia closely related 
to one found in Missouri at Fern Glen and at other points in this 
general region. The Pennsylvanian fauna, like many of the early 
Pennsylvanian faunas of the West, is very similar to the Pennsylva· 
nian of the Mississippi Valley. The younger Pennsylvanian faunas 
of New Mexico and other western States present a considerably dif· 
ferent facies, one more like the Carboniferous of .Asia and the Ural 
Mountains. 

In describing the distribution of the Carboniferous in New 
Mexico Lindgren, Graton, and Gordon' say: 

The Mississippian, or lower Carboniferous, has been recognized at 
several places south of latitude 34°. W. T. Lee found limestone of 
this age in the Ladrones Range, and Gordon believes, on the basis of 
evidence collected by C. L. Herrick, that the lower part of the 
section in the Magdalena Mountains belongs to this series. Char· 
acteristic Mississippian faunas were found by Gordon at Kingston 
and HillsbOro, and the horizon has for some time been known to be 
represented at Lake Valley, where a thickness of over 200 feet of 
limestone h.BB been measured. Rocks of the same age are also present 
in the Silver City district. Gordon states that at Hillsboro these 
limestones rest upon the eroded surface of the Devonian calcareous 
shales, but farther west there is no evidence of unconformity. 

The Pennsylvanian, or upper Carboniferous, is deposited with a 
considerable thickness over the whole Territory and reachM its 
maximum in the country between Santa. Fe and Ia8 Vegas. As far 
south as the IR.titude of Socorro the Pennsylvanian oonsisbi in large 
part of HanWitones and shales in repeated alternation with some lime­
stone beds. But south of this line the pure limestones prevail and at 
the same time the total thickness appears to diminish. Everything 
indicates near·shore conditions in the northern part of the Territory, 
where some land areas probably existed even at that time. 

The lower part of the Fierro limestone is of Mississippian 
age and is to be correlated with the lAke Valley limestone of 
the Deming quadrangle, adjoining the Silver City quadrangle 
to the southeast. The upper part of the Fierro limestone is of 
Pennsylvanian age and is the representative of the Magdalena 
group, to the east, in Sierra and Socorro counties, N. Mex., 
which does not outcrop in the Deming qu~drangle, though 
found in the mountains immediately to the north. 

CRETACEOUS SYSTEl£. 

BBARTOOTH QUARTZITE. 

Definition.-The Beartooth quartzite is named from Bear~ 

tooth Creek, near Fort Bayard. It consists of quartzite and a 
little interbedded shale. It lies unconformably on rocks rang­
ing in age from pre--Cambrian to Pennsylvanian and is easily 
distinguished by the abrupt change in lithologic character. It 
is overlain in apparent conformity by the qolorado shale, from 
which also it is easily distinguished, the separation being made 
at the top of the uppermost quartzite bed. 

Oharacter and thic'knes8.-The base of the formation at 
many places is a thin conglomerate containing black and white 
quartz pebbles an inch or more in diameter in a matrix of 
clearly washed, fine, glassy quartz grains. Kaolinized areas 
indicate the former presence of feldspar. The rock weathers 
brownish and reddieh, and iron staining is rather prominent. 
At other places the basal beds consist of clean, clear, very 
sma.ll quartz grains set in a dull white matrix, at least in part 
calcareous. Variegated tones of white and pink are promimmt. 
Microscopic. examination shows that the rock is cemented by 
secondary silicification, many of the grains having grown per­
fect crystal faces, but in places the cement is apparently 
entirely clayey. Here and there the qnartzite is beautiful,ly 
banded by weathering in circular and subcircular patterns. A. 
thin shale of irregular thickness is at some places intercalated 
near the top of the formation. 

The formation ranges in thickness from 90 to 125 feet. 
DiBtribution.-The formation is resistant to erosion and 

therefo.re tends to form isolated outlierS and to occupy elevated 
positions. Its consequent preservation in areas where the 
stratigraphy is doubtful gives it a peculiar value as an aid in . 
·deciphering the eomewhat complicated structure of much of 
the region. 

In the Little Burro Mountains it forms a thin sheet on the 
pre-Cambrian granite, making a sharp comb at the crest of 
the main ridge. Northwest of Treasure Mountain and north 
of Bear Mountain it forms the crests of several minor ridges. 
East and northeast of Fort Bayard it marks the nose of a pitch­
ing anticline and forms the crest and outer slope of an almost 
semicircular ridge. It caps the highest hill just north of Santa 
Rita and west of that place forms the crest and slopes of several 
prominent ridges. It is also exposed at several places near 
Lone Mountain, on the Wf'.Bt Hanks of Pinos Altos Mountain, 
and west of Gomez Peak on the flanks of a structural dome 
along the east front of the range near Silver City, and it caps fa 
ridge near the western border of the quadrangle. 

Age and correlation.-No fossils have been found in the 
formation. It is similar in many respects to the Dakota sand­
stone, hut Darton has obtained fossils belonging to the Washita 

-The ore 'deposits or New Mexico: U. S. Geo!. Survey Prof. Paper 68. 
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group of' the Comanche (Lower Cretaceous) series from a basal 
Cretaceous sandstone in the Deming quadrangle immediately 
southeast of the Silver City area. For the present, therefore, 
the age of the Beartooth quartzite remains in doubt, but it is 
tentatively regarded as Upper Cretaceous. 

Definition.-The Colorado shale was named after the State 
of Colorado, where rocks of this age are characteristically 
developed. In the SilYer City quadrangle the base of the 
Colorado shale is marked by the top of the Bea,rtooth quartzite, 
a horizon easily recognized, for the quartzite is a. highly resist­
ant stratum. The top of the shale is a surface of erosion, and 
the full sequence of beds is therefore never present in this 
region. 

Charaoter and thick,ness.-In the Silver City quadrangle the 
formation consists of drab, olive-green, yellmv, and brown 
calcareous and sandy shales, including numerous though not 
thick lentils of sandstone. J\Tear the base it contains many 
symmetric concretions more than 2 feet in diameter. Th'e 
formation is cut by an intricate network of dikes, which are 
too small to be shown on the map. 

The great amount of intrusion which the shale has under­
gone, combined with the softness of the beds and their general 
distribution in basin-like form, has effectually prevented con­
tinued exposure and therefore measurement of' their thickness. 
Probably the maximum thickness of the formation in the 
quadrangle is not less than 2,000 feet. 

The following section, including the Beartooth quartzite, 
was measured: 

8ectfon of GolOTa,do shale and Beartooth qua1·tzite in a small canyon about 
a mUe north-northwest of Silvel' City. 

Colorado shale: l"eet, 

Sandstone, pink and white. composed of cleanly washed 
grains _______ _ _______ . ______ 10 

Shale, lower half sandy_____ _ _______________ 48 
Shale, sa,ndy, some large concretions 2 feet in diameter 

near the top ____ . _____ . _____ " _______ _ 22 
Shale. pink and light brown __ " Shale __ 12 
Shale, sandy ________ ._ _ __________ ., ____ 32 
Shale, soft, diSintegrated, pink and yeIIowish____ 21 
Shale, soft, one layer with concretions ________ _ 14 
Shale containing a few hard calcareous layers 8 Inches 

t.o 1 foot t,hick; the 2~·foot layer at top contains large 
concrt'tions__ _ ______ _ 

Shale, hard, calcareous layer 1 foot thick at top with 
some eoncretions _____________ _ 

Shale, light brown, fiBsile, weathers pink __ 

42 

27 
86 

Shale, poorly bedded, light brown__ _ __________ ._. ___ 20 
Shale, poorly bedded, white and brown, calcareous, 

some, layers containing flne sand _ _____ 47 
Shale, calcareous, massive in upper 10 feeL _____________ 34 
Shale, thin bedded, brown and pink, calcareous, ,vith 

lenticular concretions __________ _ 
Shale, calcareous, with closely spaced bedding planes 1 

Inch to 4 Inches apart, in upper portion 6 to 8 inches 
apart ____________ ._____ _ _____ _ 

Shale, thin bedded, pink and brown, calcareous _ 
Beartooth quartzite: 

Quartzite, 7 inohes of shale at base, followed by H- feet 
of quartzite, then 5 feet of slightly argillaoeous quartz-
ite at top __________________ . __ . _____ . __ _ 

QU8l'tzite, lower 20 feet oontains some shale __ 
Quartzite, gray, fine grained, well bedded, hematite In 

30 

26 
21 

20 
45 

films at top ..... _________________________________ . ___ 20 

Quartzite (1). conoealed in part, sUlceous conglomerate 
atbase ____ .. __ . ___________ _ 48 

Distribution.-The largest area of the formation in the 
quadrangle lies between the range near Silver City, with its 
northwestern outliers on the west" and a line- passing roughly 
northeast through Fort Bayard on the east. Small areas are 
occupied by it in the Little Burro Mountains, at Lone l\foun~ 
tain, in a small area 2 miles east of Central, and in areas both 
east and west of Santa Rita. The formation is soft and breaks 
down easily, in consequence of which it forms no salient 
features of the topography. 

In the region of its greatest development northeast of 8il ver 
City it is cut by countless dikes that form a network of low 
ridges separated by shale valleys which give dhersity to whar 
otherwise would be a decidedly featureless landscape. 

Fossils, age, and oorrelation.--The following in vertebrate 
fossils were collected from the shale at horizons about 100 feet 
and 300 feet above its base and have been identified by 
T. 'V. Stanton: 

Fossils of the Colorado shale. 

0,,,,. ,po _ _ ___ 1~ B I c 
Gryphma newberryi Stanton . x x 

TrJgonarca obJiqua Meek __ ._------------------.-- .---- ··_._._.-.-_·I-----~xxx-----· il~~~::~~~ Cardiumpauperculum Meek? ________________ .. __ .. _______ _ 

Tapes?sp_. 
Corbula sp __ 

Gyrodes depressa Meek? 
Pugnellu8 fusiformis (Meek)? :~~:~::~ :~~~~:~) 

A. Four miles north·northwest of Silver City, on east fork of Silver 
Creek near road. 

B. Four miles northwest of Silver City about 300 feet above the Bear­
tooth quartzite. 

C. About a mile north of the west summit of Lone Mountain 100 feet 
above the Beartooth quartzite. 
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The fossils obtained in the Colorado shale in the Silver City 
quadrangle indicate that it is a portion of the lower part of the 
Upper Cretaceous, the equivalent of the Benton shale of the 
Colorado group. Concerning the beds higher in the section, 
that is, above the horizons at which the fossils were found 
it may be said that they answer well to Cross's description of 
the upp€r part of the Mancos shale, and they may include some 
strata of ~fontana age. 

TERTIARY SYSTEM. 

GRAVEL, SAND, A~TD TUFF. 

Gravel and sand, regarded as of 'rertiary age, in places 
underlie and in places are interbedded with the rhyolite and 
andesite lavas. These accumulations are made up of ill-sorted 
sands and gravels and volcanic tuffs. 'Vhere they form the 
base of the Tertiary system they consist of fragments of 
the underlying intrusive and sedimentary rocks-porphyries, 
quartzites, and other rocks-but where they are interbedded 
with the lavas they are composed largely or wholly of volcanic 
material. 

The beds at the base of the series ha ve been deposited on an 
irregular erosion surface. 

The distribution of the gravelB is in a measure coextensive 
with the lavas. They are found in the Little Burro Moun­
tains, in the country northwest and northeast of Silver City, 
and in the Santa Rita Range. As they form wedgelike sheets 
in the lavas their outcrops are not continuous but commonly 
disappear within short distances. 'Vhere the lavas above them 
have been removed by erosion they coYer considerable areas, 
in places several square miles. In the mountains northeast of 
Silver City their outcrop is at many places terminated by faults. 

These gravels accumulated during periods of volcanic quies­
cence and show clearly the interruptions of volcanic extrusion. 

QUATER...-'URY SYSTEM. 

Dist1'ihution.-Deposits of more or less consolidated gravel 
and sand coyer large areas in the quadrangle, in all about 
460 squnre miles. Thin flows of basalt, which have not 
been separately mapped, are interbedded with the Pleistocene 
deposits. 

The gravel covers much of the southern half of the quad­
rangle and extends north ward in a tapering band across the 
Continental Divide and down the :Mangas Valley. It also 
occupies large areas in the northeast and southwest cornel'S of 
the quadrangle and in the basin of Bear Creek, in the north­
west corner. Recent gravel is included with the Pleistocene 
gravel in mapping. 

Charaoter.-The material of the deposits is derived from the 
neighboring mountains and consists of fragments of lava 01' of 
pre-Cambrian 'igneous rocks or younger sediments, its character 
depending upon the kind of rock that is exposed in the 
neighboring uplands. The fragments range in size from fine 
dust to blocks ,.several feet in diameter. In some places large 
bowlders form Ii 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 disinte­
gration by -which erosion, w!'!s aided in Pleistocene time, as it is 
at present. 

Near Gattons Park, where the gravel is well consolidated, at 
one locality the pinkish matrix consists of comminuted frag­
ments of quartz and feldspar and contains large angular 
fragments of the andesite-basalt series. In the southwest 
corner of the quadrangle the matrix is coarser. A description 
of individual specimens, ho·wever, can have but very local 
application, for the debris was deposited rapidly from nreas 
that contributed abundant supplies, and the deposits formed 
were various; indeed, they are characterized by lack of homo­
geneity. The bedding, t,hough discernible, lacks the continnity 
that is generally characteristic of sediments deposited in bodies 
of water but illustrates admirably the features that mark rapid 
continental deposition. In this connection reference may be 
made to an instructive paper by A. C. Trowbridge 1 describing 
many of the characteristics of piedmont gravel deposits. 

Calcite, silica, and iron oxide, each-or a combination of 
each-in differing proportions, are the cementing materials 
which in places bind together the otherwise loosely collected 
fragments and make of them a resistant conglomerate. 

Relation to underlying surfaoe.-The contact of the gravel 
about the Big Burro Mountains is apparently a normal depo­
sitional contact. That the gravel formerly covered parts of the 
foothill region that are now bare and that it has been carried 
outward to its present position during a period of recent dis­
section seem certain. How much of the Big Burro Mountains 
was covered is indeterminable, but a well-defined rock bench 
that occupies at least much of the north and east sides of 
the Big Burro Mountains is plainly visible from any high 
point on the Little Burro Mountains. Probably grayel once 
covered the bench, but presumably the main mountain core 
was never covered and in fact -was the source during Pleisto-

1 Trowbridge, A. C., The terrestrial deposits of Owens ValIey, California: 
Jour. Geology, vol. 19, No.8, p. 706, 1911. 

cene time of much of the gravel that now surrounds the 
mountains. 

In the Little Burro Mountains the conditions are somewhat 
di:fferent. The gravel contact 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 precipit{)us 
moun tain scarp. 

Isolated patches of gravel lie here and there along the 
eastern base of the range near Silver City. The western 
boundary of the easternmost patch follows closely the strike of 
the Beartooth quartzite, remaining, however, a. fairly uniform 
distance east of it. A mile or so farther north the contact of 
the gravel is immediately against the quartzite and follows it 
northward for a mile or more. Along this entire mountain 
front the contact appears to be along a fault at the top of or 
in the quartzite. It therefore seems probable that the present 
position of the gravel contact has been determined partly by 
the fault mnvement, which, by nplift on the west has so 
rejuvenated erosion that the gravel has been pushed eastwa.rd 
to its present position at the edge of the mountains. It is not 
possible to account otherwise for this extreme regularity of 

FIGURE 6.-Map of the Pleistocene gravels (dotted areas) adjacent to the 
Silver City Range, showing their relations to the probable fault lines at 
the foot of the range. 

D. DOI'I'l:1throwl:18Ide of fault8; u. uptllrown ~ide. Faulting Is believed to have "curred since the 
deposition of the gravels and to have inHuenced their present distribution. 

boundary. (See fig. 6.) The inference seems sound, therefore, 
that the gravel formerly covered more of the range than it 
does now. An examination of the boundary on the western 
side of the range south of Treasure Mountain leads to the 
same inference. A strong fault passing east of Treasure Moun­
tain trends southeast-ward and is obseured by the gravel, but 
there is strong structural evidence that it is near the present 
edge of the gravel sheet-that is, that it passes through a point 
about a mile southwest of Silver City, as shown in figure 6, 
and has been an element in determining the gravel contact, for 
the eastern side of the fault is the uplifted block. The gravel 
therefore probably once extended,· farther east than the present 
contact. 

Along the western contact, from Greenwood Canyon south­
ward, the gravel lies against. abrupt mountain sides. All 
drainage from the mountains to the gl'a vel plain passes sud­
denly from a sharp rock-cut 'canyon to the less severely dis­
sected gravel plain. Rejuvenation of erosion by faulting is 
the readiest explanation of' this phenomenon, especially as the 
contact on the eastern side of the range, the side not so vitally 
affected by the uplift or tiltl is quite the opposite and a good 
example of an undisturbed depositional contact. It seems 
reasonable, therefore, to infer that the entire highland that 
extend·s northwestward from Silver City was at one time more 
nearly covered by gravel than at present. 

An instructive line of contact is found on the eastern and 
northern side of Walnut Creek, in the northwest corner of the 
quadra.ngle. The southern 5 miles or so of this contact runs 
northward along a well-defined fault line. Turning north­
westward at the northern end of this contact the line is still 
straight, suggesting a fault, but at Steamboat Canyon there 
begins a boundary line that is obviously depositionaL Either 
the fault has died out or erosion has not yet brought the fault 
line to light. Howeyer, the manner in which the boundary 
runs upstream on to the ridge and downstream into the valley 
is significant, proving that the floor of deposition is a sloping 
plain. 

A sufficient number of contacts have been delilcribed to afford 
a basis for some simple generalizations-first, that the gravel 
formerly covered a greater area than at preHent, and, second, 
that all the mountain groups in the area were once much more 
prominent features than at present and that as erosion pro­
ceeded the debris derived from their masses encroached upon 
the mountains, occupying gently sloping rock-cut surfaces. 

Age and oorrelation.-Gilbert in 1873, while studying the 
region drained by the upper Gila and its tributaries, gave 
the name Gila conglomerate to certain valley deposits which 
he described as follows in the reports of the Wheeler Suryey: 2 

~ Rept. u. S. Geol. Surveys w. l00th Mer., vol. 3, p. MO, 1875. 



The bowlders of the conglomerate are of local origin, and their 
derivation from particular mountain flanks is often indicated by the 
slopes of the beds. ItH cement is calcareous. Interbedded with it 
are layers of slightly coherent sand and of trass and sheets of basalt; 
the latter, in Home 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 l%t, they 
follow the Gila for more than 100 milel'] toward its source, being last 
seen a little above the mouth of the Gilita. On the San Francisco 
they extend 80 miles; on the Pdeto, 10; and on the Bonito, 15. 
Where the Gila intersect .. the troughs of the Basin Hange Hystem, as 
it does north of Ralst(ID, the congLomerate is continuous with the 
gravels which occupy the trough" and floor the desert plains. Below 
the Bonito it merges insen'>ibly with the detritus of Pueblo Viejo 
Desert. It is, indeed, one of th(' "Quaternary gravel.", of the desert 
interior, and is distinguishcd from its family ollly by the fact that 
the watercotlTS(',! which cr08S it are sinking th('m~clvcs into it and 
de,'1tl'oring it, instead of adding to its depth. 

The Pleistocene deposits in the Sil vel' City quadrangle 
correspond in all important features to the Gila conglomerate. 
Gilbert, followed by Ransome, assigned an early Quaternary 
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. 

IGNEOUS ROCKS. 

GROUPS DISCRIMI~ATED. 

At least six groups of igneous rocks younger than the 
Colorado shale have been recognized. Named in order of 
age, beginning with the oldest, they are as follows: 

1. A great complex of dikes of generally dark-colored por­
phyritic rock of dioritic and andesitic facies, '",ith which are 
associated volcanic breccias and lavas of similar type. 

2. Laccoliths and stocks of quartz diorite porphyry. 
3. Masses of granitic, monzonitic, and dioritic rocks with 

associated porphyritic facies and accompanying dikes. Groups 
1, 2, and 3, are probably oflate Cretaceous age. 

4. Great flows of basaltic, andesitic, rhyolitic, and latitic 
lavas, with which are interbedded tuffs, breccias, sand, and 
gravel, in all aggregating several thousand feet in thickness. 

5. Stocklike masses of fine-grained rhyolite and quartz latite 
porphyry, breaking throllgh all the older rocks and throu~h 
the lava flows just mentioned. Groups 4 and 5 are Tertiary. 

6. Intrusive basaltic masses and basaltic lava flows inter­
bedded with the Quate1'llary gravel. 

The several types will be described in the order in which 
they are named above. 

PROBABLY LATE CHETAUEOUS I-tOCKS. 

Dwtribution.-The rocks of the diorite-andesite group, com­
prising also volcanic breccias and perhaps some lava flows, 
occupy about 30 square miles north and northeast of Silver 
City and are exposed also at places in the Little Burro Moun­
tains and in a small area a mile southeast of Central. Hun­
dreds of dikes of the same sort form a veritable network 
cutting the Colorado shale, but it is not practicable to show 
them on the map. 

Rocks belonging to this group form the crest of Pinos Altos 
Mountain and of the line of high hills extending southward 
from Cross Mountain aod underlie the undulating plain south 
and east of the hills. They are not, therefore, characterized by 
any particular topographic form. 

Relations.-The rocks of the group really form a complex of 
fiye or six varieties of dark-colored breccias, dikes, and masses, 
and it would hardly be possible, except on a map of large 
scale and with the expenditure of much time and labor, to map 
them separately. 

The oldest member of the group is an andesitic breccia that 
overlies the Colorado shale. It is cut by dikes of andesite por­
phyry and the two in turn are cut by other dikes of syenitic 
lamprophyre. That still later dikes cut the group is certain, 
though their sequence ,vas not made out. 

Dikes of this group cut the Colorado shale in nearly every 
exposure of that formation. In the area north and east of 
Sil \'er City they are conspicuous and some of them are seyera} 
hundred feet thick. They form many of the low ridges but 
also cross the valleys. 

The diorite at Pinos Altos ~rountain is the best example in 
the group of a stoeklike mass of considerable size. High on 
the summit, however, the mass is cut by dikes, and it contains 
s.mall bodies of agglomerate, made up perhaps of fragments of 
other rocks through which the diorite magma fOfl.'8d its way. 

Character.-The rocks of the complex are dioritic or andes­
itic, exhibiting a tendency toward monzonitic facies, as shown 
in places by larger amounts of orthoclase. 

The diorite is finely crystalline and almost black. Under 
the microscope it is seen to be a holocrystalline aggregate of 
andesine and labradorite with orthoclase. Pyroxene is abun­
dant in well-developed crystals, and mica fonns aggregates of 
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small and large plates. A little green hornblende and con­
siderable iron oxide are subordinate constituents. There is 
little or no quartz. Pyroxene tends to assume tlle size of 
phenocrysts, and areas of finer crystalline plagioclase between 
the larger plagioclase crystals also indicate a porphyritic 
tendency. The orthoclase is sufficient in amount to suggest 
that the rock is closely related to the pyroxene granodiorite, 
\vhich is a later intrusion in the same area. 

A mass of agglomerate is exposed for 200 feet in a small 
gulch 2 miles south·west of Central but is not mapped sepa­
rately from the Colorado sbale. It contains fragments of 
various sizes and of severul different kinds of rock, ·weathering 
brown and reddish, in it brownish-gray matrix. A specimen 
from a fragment 2-& feet in diameter and of the same material 
as the matrix, ·when examined microscopically, showed stout, 
tabular phenocrysts of andesine in a ground mass of feldspar 
mierolites and glass. Chlorite occurs in what appear to be 
amygduloidal cavities. The specimen is an andesitic rock, and 
the mass as a whole is probably a flow breccia. 

About a mile northwest of Fort Bayard the relations of 
several dikes to the breccia are rather clearly shown. (See 
fig. 7.) The breccia a is light greenish gray, almost aphanitic, 

FIGUR.E 7.-Sketch iUustrat.ing the relations of several dikes cutting audes· 
itic breccia in the Pinos Alt,os complex. 

a. Andesltic breccia; b, andesite porphyry ; c, syenitic l"mprophyre; d. Creta.ceous shale. Width 
of el<posure, about SO feet. 

and contains angular fragments. The microscope shows \ve11-
formed twinned phenocrysts of augite, lathlike feldspars rang­
ing in composition from' oligoclase to andesine, a subordinate 
amount of albite, abundant magnetite, and a little apatite. 
The groundma~s is glassy, showing crystallization in an incipi­
ent form, and contains a little quartz in slllall grains. Flo"" 
structure mn)' be seen in part of the thin section. 

This breccia is cut by dike b, a light-brown rock of faint 
oliye-green cast, ViTell-formed phenocrysts of augite and feld­
spar are common, the latter more abundant and consisting of 
both albite and oligoclase. The groundmass is fine grained 
and is composed largely of small laths of feldspar (probably 
albite) in a matrix that suggests orthoclase. Amygdules are 
rather common and are generally lined with yellowish-green 
chlorite and later filled with a zeolite. Chlorite scattered in 
cavities gives the rock a green tinge. Both magnetite and 
apatite are commOn. The rock may be called an andesite or 
andesite porphyry. 

Another dike, c, cuttiup; both a and b, is porphyritic and 
contains abundant large, ,veIl-formed dark-green pyroxenes 
in a fine-grained greenish matrix specked with small reddish 
altered feldspars. The microscope reveals large scattered phe­
nocrysts,of albite, but the greater part of the rock is made up 
of laths of orthoelase and albite, which, together with consider­
able pyroxene, magnetite, and apatite i.n good-sized crystals, 
make up the gronndmass. Chlorite is abundantly scattered 
through 'the rock, mostly in small specks, though here and 
there it replaces augite. In places in the groundma,ss augite 
gmins are abundant. The rock is a syenitic lamprophyre and 
was perhaps derind from the potassic magmas of the region. 

Another rock from' the dark-colored complex is a dark-gray 
to black fine-grained porphyry, with abundant glittering 
phenocrysts of augite set in a fine-grained granular ground­
mass, largely orthoclase but including also a little quartz and 
plugioclasc and abundallt smull plates of biotite. The pyrox­
ene phenocrysts are altering to green hornblende, which also 
occurs in small grains in the groundmasB. The rock contains 
a fev;,' phenocrysts of albite feldspar, abundant apatitf', and 
some iron oxide. It is a syenitic lamprophyre answering 
closely the description of' an augite vogesite. 

Other specimens prove to be pyroxene andesire. They are 
porphyritic rocks with pyroxene phenocrysts and feldspars 
ranging from oligoclase to labradorite in a fine-grained groulld­
m[l,SS of albite or oligoclase and subsidiary orthoclase. It con­
tains everywhere magnetite and apatite, and alteration has 
produced more 01' less chlorite, calcite, and chalcedonic quartz. 

QUAUTZ DIOUITE POUI'HYHY. 

Geneml distribution.-Rocks of' the quartz diodte porphyry 
type occupy considerable areas in the eastern part of the quad­
rangle. The largest mass is that which extends from Fort 
Bayard eastward to a point near Santa Rita. The granodiorite 
or quartz monzonite dikes that cut the quartz diorite porphyry 
near Santa Rita point to the earlier intrusion of the quartz dio­
rite porphyry. The correlation of the other masses ,,,ith it as to 
date of intrusion is based solely on resemblances of type. The 

masses which have been mapped and of which some specimens 
have been microscopically examined are the large laccolith 
between Fort Bayard and Santa Rita, the Hermosa Mountain 
mass, a small part of the mass between Fierro and Hanover, 
the masses east of Kneeling Nun, and the areas north of 
Hurley. It differs from the later granoJiorite and quartz 
monzonite chiefly in its lack of appreciable quantities of ortho­
clase, its generally fine grain, and its darker color. 

The Fo?,t Bayard mass.-The quartz diorite porphyry at and 
east of Fort Bayard shows clearly the sheetlike form of its 
intrusion. At Fort Bayard the Colorado shale dips westward 
beneath it, and one-half mile to the west the porphyry is over­
lain by the shale, all:>o with a westerly dip. The laccolith, too, 
follows eastward around the nose of the domelike anticline of 
which Copper Flat is the center, retaining its position, except 
where disturbed by faulting, at an approximately uniform dis­
tance above the top of the Beartooth quartzite. 

It is perhaps this rock, highly alrered and much silicified, 
that makes up the hills southeast of Santa Rita basin. 

The rock is greenish gray, rather fine grained, and por­
phyritic, showing rather small phenocrysts of altered feldspar 
and an altered ferromagnesian mineral, and generally some 
magnetite. As a ,,,hole the mass is not homogeneous either in 
texture or in mineral composition, but the differences observed 
are not important. 

Examined with the Illicroscope the rock is seen to contain 
plagioclase and quartz phenocrysts. The plagioclase is partly 
albite and partly oligoclase. Alteration to sedcite and calcite 
interferes with accurate determination. Masses of chlorite indi­
cate altered h01'llblendes. The groundmass, which is subor­
dinate in amount, is fairly coarse, and is composed of albite, 
oligoclase, and quartz, with chloritized ferromagnesian min­
erals. Secondary amorphous silica may be recognized by its 
low index of refraction. 

In Hanover Creek, below the old concentrator, the porphyry 
is much leached and epidotized. The feldspars, especially, 
ha ",e changed in part to epidote. Ferromagnesian minerals 
are entirely altered to chlorite. There is much quartz in a 
finely granular groundll1ass, with abundant epidote and per­
haps some unstriated plagioclase. 

About a mile east of Central the rock is dark greenish-gray 
mottled porphyry. It contains white feldspar phenocrysts and 
large black biotites embedded in a dark greenish-gray ground­
mass, as well as large embayed quartz phenocrysts, which, 
hmvever, are not numerous. Albite, oligoclase, and andes­
ine, considerably altered and replaced by epidote, also form 
phenocrysts. The biotite is much altered to chlotite and 
epidote, and there are small, rather fresh hornblendes. The 
groundmass is a fine interlocking mesh of quartz and feldspar, 
mostly albite. Accessory minerals are apatite, magnetite, and 
sphene, the last named abundant. 

The intrusi ye mass which breaks through the Colorado 
shale at Hermosa Peak is about 4 miles long and a mile or 
more wide and has many of the aspects of the rock just 
described. It is light-green, rather fine grained porphyry with 
prominent phenocrysts of hornblende. Under the microscope 
rather small, not very numerous quartz phenocrysts are scat­
tered between abundant oligoclase and albite-oligoclase pheno­
crysts. Hornblende in large crystals is set in the granular 
ground mass of quartz and plagioclase (albite-oligoclase). Epi­
dote is abundant, and accessory apatite and magnetite are 
scattered through the rock. 

~Hasses east of Santa Rita.-East of the Kneeling Nun an 
area somewhat more than a square mile is underlain by quartz 
diorite porphyry very similar to the large mass between Fort 
Bayard and Santa Rita. The rock is greenish-gray porphyry 
in which with the unaided eye large phenocrysts of quartz, 
white feldspar, and chlorite may be seen embedded in a dense 
bluish-gray groundma.ss. 

The quartz crystals are much resorbed, the feldspars range 
• froUl albite to oligoclase, and the original biotite is altered 

entirely to chlorite. The outlines of crystals of hornblende 
completely replaced by chlorite may also be seen. The 
groundmass il:> a mosaic of quartz and albite. Epidote and 
calcite are secondary, the epidote abundant and locally replac­
ing feldspar phenocrysts. Apatite and magnetite are acces­
sory. The rock is almost identical in mineral composition and 
general texture with the large laccolith west of Santa Rita, 
except that quartz phenocrysts are perhaps more abundant. 
The general textural resemblance between this rock and the 
extremely altered rock composing the rim of hills surrounding 
the quartz monzonite porphyry of Santa Rita is very striking. 

In the remaining areas mapped as quartz diorite porphyry 
the rock is essentially similar to the types just described. 

QUARTZ :MO:S-ZONITE AND ASSOClA'I'ED nOOKS. 

Rocks of granodioritic or monzonitic type with associated 
porphyritic facies are abundant in the quadrangle and are 
economically the most important rocks in the region. They 
have been mapped in the Big Burro Mountains, at,Silver City, 
near Gomez Peak, at Pinos Altos, at Lone Mountain, at 



Copper Flat, between Hanover and Fierro, and in the vicinity 
of Shingle and Allie canyons. Qual'tz monzonite porphyry is 
the main ore-bearing rock at Santa Rita also, but it has not 
been mapped separately from the leached quartz diorite por­
phyry at that locality. 

The masses have several characteristics in common. All 
were intruded at about the same time, later than the quartz 
diorite porphyry but eu,rlier than the Tertiary planation that 
preceded the eruption of the rhyolite-Iatite-andesite series. All 
are ro('ks of granitoid aspect and cooled (at least the part now' 
exposed) under considerable ('over, probably never reaching 
the surfnce of the earth in a molten stflte, and all are closely 
allied in chemical composition. Several of the masses com­
prise a number of different types. 

QUAR1'Z MO",ZOYITE POfl,PHYRY OF THE BIG- HURRO MOUXTAINS. 

Areal e~ctent.-The quartz monzonite porphyry of the Big 
Burro IHonntail1s il:3 It lllass of rudely circular outline and 4r to 
5 miles acrOSf:l, extending from Tyrone nearly to the summit 
of the principal peak. It occnpies a shallow basin, as it is less 
resistant to erosion than the surrounding pre-Cambrian com­
plex, except near Leopol(l and Tyrone, where the porphyry 
has been altered and silicified. 

The contaet of tile porphyry with the pre-Cambrian granite 
complex is generally not difficult to follow, but in the region 
of intense silicification, pyritization, and alteration neal' Leo­
pold and Tyrone there is some chance for errol' in the location 
of the boundary. This difficulty is further increased by the 
presence of' dikes of fjuartz monzonite porphyry later than 
the main mass. 

These dikes, "which are in many respects similar to the main 
mass, are numerous along the nort,hern and western borders of 
the mas~ and a few were also noted on the southern side. The 
scale of the map is inadequate for their proper representation. 
They express the last stages of intrusion, cuttinp; as they do 
both the parent ma~ma and the s1ll'roundinf!,' rocks, and they 
are so like the main mass that there can be no doubt as to 
their origin. 

Throughout most of its area of outcrop the porphyry is 
granitoid, is distinctly lip;ht colored, and weathers in rounded 
massive forms. Near Leopold and Tyrone, however, the rock 
is increasingly fractured, silicified, altered, and iron stained to 
a point where its original nature is nea.rly or quite obliterated. 
It there forms ragged, siliceous, leached, limonite-stained hills, 
markers of the ore bodies which are found below the surface. 

PetrogTaphy.-'l'he mass comprises both even-grained gran­
ular and porphyritic facies. The granular phase is coarsely 
crystalline and is composed of quartz, oligoclase, and ortho­
clase, with subordinate biotite and hornblende, and accessory 
titanite, apatite, and magnetite. Quart.z is abundant in good­
sized crystals. Oligoclase, the principal feldspar, is in places 
zonal. The orthoclase is about equal in amount to the quartz. 
The plagioclase crystals are well formed and many are partly 
inclosed by orthoclase and quartz. 

A porphyritic phase contains phenocrysts of oligoclase, 
albite, andesine, and biotite in a mosaic-like groundmass of 
quartz, orthoclase, and a little twinned plagioclase. Quartz 
forms about half the groundmass. Apatite, titanite, and mag­
netite are accessory minerals. 

Another specimen contains large phenocrysts of rounded 
and embayed quartz and of oligoclase and a few of albite. 
The groundmass, a mosaic, contains more orthoclase than 
quartz. Sericite in the feldspars and chlorite, forming from 
rather scant biotite, are alteration products. Large crystals of 
apatite and scattered specks of magnetite are present. Pheno­
crysts and groundmass make up about equal parts of the rock. 

One of the specimens examined approaches the composition 
of a sodic granite by its increase in albite and resembles the 
mass at Silver City. 

QUARTZ MOSZONITE PORPHYRY AT SILVER CtTY. 

An intrusive muss at Silver City, of rectangular outline and 
about it miles long from north to south and about a mile 
wide, cuts the Colorado shale at its northern side and the 
Fusselman limeston'e and Percha shale along its western 
border. On its eastern and southern sides it is overlain by 
the gravel. The rock is well exposed in the railroad cut. 

The rock is light colored and medium grained and contains 
phenocrysts of feldspar and quartz in a pinkish ap~anitic 
groundmass. With the microscope large and abundant 
resorbed quartz phenocrysts are seen with abundant albite 
and less abundant large orthoclase phenocrysts. The ground­
mass is a fine mosaic of quartz and orthoclase, and apatite is an 
abundant accessory mineral. Magnetite is present. Second­
ary calcite has formed, and the feldspars are considerably 
sericitized. The rock might be called either quartz monzonite 
porphyry or sodic granite porphyry. 

GRANODIORITE AT GOMKZ PEAK 

Gomez Peak and the equally high hill west of it are formed 
by an intrusive mass of granodiorite. The rock is also well 
exposed in a narrow strip lt miles to the east and in a small 
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hill southwest of th1e peak. The magma forced its way into 
the Paleozoic and Cretaceous strata, doming them, and cooled 
at sufficient depth to take on a rather coarse texture. It is 
gray and decidedly porphyritic, containing abundant large 
white and flesh-colored feldspars, many of them three-fourths 
of an inch or more in length, abundant smaller feldspars, and 
narro'w laths of dark-green hornblende, in an aphanitic dark­
gray gronndmass. The large phenocrysts are ol'thoe1ase and 
the more numerous smaller ones range from andesine to calcic 
labradorite. The groundmass is chiefly andesine, with some 
orthoclase, and a little quartz, which is difficult to detect 
because of its resemblance to the andesine. Titanite, apatite, 
magnetite, and a lit.tle light-green pyroxene are accessory 
minerals. 

Alteration rims about the feldspar are common and are prob­
ably due to differences in composition, as many small crystals 
are composed of an outer rim of andesine and a central core 
,,,ith a lower index of refraction. This rock, with its ortho­
clase phenocrysts, approaches chemically the monzonitic type, 
so common in this region. 

GRANODIORITE AT PINOS ALTOS. 

At Pinos Altos a mass of granodiorite or quartz monzonite 
has intruded the diorite-andesite breccia complex., A portion 
of this mass is characterized by its homogeneity, is unmixed 
with other rocks, and has definite boul1daries. Another por­
tion contains several related phases of the main mass, is mixed 
with inclusions of the surrounding diorite-'which it intrudes­
and its southern boundary is ill-defined because of offshooting 
dikes from the granodiorite. The homogeneous portion and 
the more or less complex phase have been mapped separately. 

The homogeneous portion of the mass is a fairly coarse­
grained, holocrystaUine granitoid rock with a pinkish cast. 
Hornblende is the prominent ferromagnesian mineral. The 
rock differs somewhat from place to place in texture, but 
,,,ithin the area mapped as pure granodiorite it is remarkably 
homogeneous. In the field it is unmistakable; in places it 
forms almost bare rocky knolls and cliffs, is wen jointed, and 
weathers differently from the other rocks of the vicinity into 
large angular blocks whose dimensions are determined by the 
spacing of joint planes. The rock consists essentially of 
orthoclase, albite, andesine, andesine-labradorite, and quartz, 
with accessory magnetite, apatite, titanite, and a little zircon. 
The secondary minerals are chlorite, sericite, and calcite. 

The rock was called granodiorite by Graton,l but either that 
name or quartz monzonite might be applied. It is certainly 
closely rela.ted to the masses in the Big Burro Mountains, at 
Silver City, Hanover, Santa Rita, and other places where the 
name quartz monzonite may perhaps be prefeITed. 

Two typical specimens \"."ere examined with the microscope. 
One showed abundant quartz in large crystals with abundant 
orthoclase in large irregular masses and of later growth than 
the plagioclase. The plagioclase consists of albite and oligo­
clase ill about equal amount and andesine. Hornblende in 
subordinate amoLmt is partly altered to chlorite. The albite 
crystals are considerably altered to sericite, but the orthoclase 
and more calcic plagioclase are comparatively fresh. Titanite 
is abundant in large masses, and zircon, magnetite, and apatite 
are accessories. Some "econdary calcite is present. The other 
is a coarSely crystalline granular rock of light color and pink 
tinge. Quartz is abundant but forms less than one-third of 
the rock. Orthoclase is abundant, much of it poikilitically 
inclosin~ ~he plagioclase, of which oligoclase in large crystals is 
probably the most abundant. Andesine is likewise abundant 
in large clear well-twinned crystals, but albite is subordinate. 
Hornblende is the important ferromagnesian mineral, though 
subordinate in amount. Titanite and apatite are both abun­
dant, with a moderate amount of magnetite. 

The less homogeneous mass comprises a number of related 
types presenting minor variations in composition and texture. 
The essential mineralogic differences are the development of 
pyroxene and biotite at the expense of hornblende and a lower 
content of free quartz. A finer grain along the borders and a 
general lack of textural homogeneity, are also evident. It is 
believed that fmgments of the surrounding diorite porphyry 
are included in the mass. Some of the types mapped together 
are undoubtedly offshooting dikes from the main mass, similar 
to it in composition and texture, though locally finer grained 
and porphyritic, but the more striking variations in composi­
tion are probably the result of successive but related injections 
of differentiated magma. 

A number of specimens from the southern portion of this 
area were examined with the microscope. One is a holocrystal­
line medium-grained granitoid rock, mottled white and green. 
Pyroxene and mica are plainly visible and abundant. Large 
areas of orthoclase poikilitically inclose abundant andesine and 
labradorite prisms. Pyroxene and biotite crystals are abun­
dant. Biotite surrounds apatite and magnetite grains. The 
apatite is abundant in large clear grains. In another speci­
men orthoclase incloses abundant idiom orphic phenocrysts of 
plagioclase, ranging from oligoclase to calcic labradorite, and 
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also incloses pyroxene and biotite. Biotite also incloses pla­
gioclase. Magnetite is notably associated with pyroxene, and 
apatite is present. Chlorite has formed from the pyroxene and 
in the cracks and twinning planes of the plagioclase. A third 
specimen contains idiom orphic prisms of andesine and labrador­
ite in an orthoclase paste. Biotite, pyroxene, and hornblende 
are fairly abundant. A small amount of quartz occurs with 
the orthoclase, as a filling between the plagioclase prisms. 

QUARTZ MONZONITE AT COPPER FLAT. 

At Copper Flat a small intrusi\'e mass is exposed by the 
erosion of the enveloping limestone. The rock is light colored 
and decidedly porphyritic and contains abundant quartz 
phenocrysts with well-developed crystal faces in a fine-grained 
ground mass. 

Under the microscope the much sericitized feldspars, though 
not easily determined, appear to be both albite and oligoclase. 
Chlorite is abundant. The crystalline form of the quartz 
phenocrysts is easily apparent and recalls the perfect forms of 
the quartz crystals in the quartz monzonite porphyry dikes in 
the Big Burro Mountains. 

GRANODIORITE NEAR HANOVER, FIERRO. AND BANTA RITA. 

The anticline which extends from Hanover to Fierro has 
been sufficiently eroded to expose a considerable mass of 
rock that is principally granodiorite or quartz monzonite, with 
which is associated porphyritic facies, and rock of essentially 
the same composition is exposed in the basin in which Santa 
Rita 'stands. At both places the mass has weathered more 
easily than the surrounding rock, so that a basin ,has been 
formed. 

The mass at Hanover still retains upon it a portion of the 
limestone roof. At Santa Ri1a the rock is in general altered 
and so much oxidized that, where it is mixed with surface 
debris, it is difficult to distinguish from the surrounding rocks. 
The boundary of the main mass appears to lie at the foot of 
the highly oxidized qnartz porphyry hills east, south, and 
west of Santa Rita. As mapped, however, the rock is one of 
a number included in a leached zone comprising the mass itself, 
offshoots from it, and the surrounding oxidized quartz diorite 
porphyry. 'Vhen the field "work was done fresh specimens of 
this porphyry were difficult to find, but steam shovels have 
now well exposed the rock, and its character is mor~ certainly 
determinable. One may recognize, however, that t.he rock is 
a light-colored leached porphyry containing phenocrysts of 
clouded white feldspar, quartz, and biotite embedded in a 
fine-grained groundmass. 

Under the microscope the quartz crystals appear large, with 
irregular boundaries, indicating resorption. The feldspars are 
largely altered to sericite. The groundmass is a fine-grained 
mosaic of quartz and orthoclase, the latter dominant. l\1ag~ 

netite is' not abundant, apatite is rare, and a little zircon is 
present. The rock resembles very closely the quartz monzo­
nite porphyry from the Big Burro Mountains. 

The roek on the dump at the Santa Rita shaft is light gray 
in color and porphyritic. Phenocrysts of quartz, biotite, and 
a white cloudy feldspar may be seen in a fine-grained dark 
groundmass. The rock is abundantly speckled with sulphide. 
vVhen examined with the microscope the quartz is seen to 
be deeply embayed. Much of. the feldspar is orthoclase, but 
both oligoclase and andesine are moderately abundant, though 
largely altered to sericite. The biotite plates where fresh show 
marked resorption phenomena. In places they are altered to 
chlorite. Limonite has formed from the sulphides. Apatite 
and zircon are rare. The groundmass is a mosaic of quartz 
and orthoclase in proportions of about 1 to 2. 

The rocks between Hanover and Fierro are much like those 
just described. Granodiorite porphyry (or quartz monzonite 
porphyry) makes up the main mass. 

QUARTZ MO~ZOXITE lloTEAR LOSE MOUNTAIN. 

An intrusive mass of irregular outline occupies about a 
square mile northeast.of Lone Mountain. The rock is more 
closely allied to the quartz monzonite than to the earlier quartz 
diorite porphyries and resembles in mineral composition the 
rock at Silver City. It cuts the Fierro limestone and occupies 
the same general topographic level as that formation. 

The rock is light gray, porphyritic, and of medium grain. 
It contains phenocrysts of altered white feldspar, quartz, and 
biotite, em'bedded in a very fine grained groundmass. Under 
the microscope large, moderately ahundant quartz phenocrysts 
show resorption phenomena with development of graphic inter­
growth of quartz and feldspar along the borders. The feldspar 
phenocrysts are albite and oligoclase, and there are equally 
numerous biotite plates, somewhat corroded by resorption. 
The groundmass is composed of interlocking grains of quartz 
and orthoclase and magnetite and apatite. 

The erosion of Tertiary lavas in and near Shingle and Allie 
canyons has exposed irregular areas of intrnsive rocks which 
are sufficiently alike in character .to be grouped together 



as granodiorite or quartz monzonite. Two specimens were 
examined microscopically. One, Ii rather coarse grained gray 
porphyry of granitoid aspect, shows, 'without a hand lens, large 
white feldspar phenocrysts, nearly a third of an inch across, 
abundant quartz phenoerysts, and well-formed chloritized bio­
tite plates in a fine-grained groundmass. The phenocl'ysts 
form most of the rock. Examined under the microscope the 
feldspars prove to be orthoclase and plagioclase, the plagioclase 
mostly albite with some oligoclase. Advanced sericitization 
casts some uncertainty on this d!3termination. The quartz 
phenocrysts are rounded by resorption, as are some of the 
orthoclase crystals. 

There is some unaltered brown hornblende; also masses of 
chlorite and epidote, suggesting altered hornblende. The bio­
tite has completely ultered to chlorite. Apatite forms crystals 
almost large enough to be classed as phenocrysts. Magnetite 
is not abundant, but a' few grains of titanite were noted. The 
groundmass is microgranuhtr and is a fine mosaie of orthoclase 
and quartz. 

Near the head of Shingle Canyon a finer-grained greenish 
rock of dioritic aspect was examined with the mieroscope. It 
hilS a holocrystalline granular texture. Interlocking prisms of 
plagioclase with some orthoclase, a little quartz, and abundant 
pyroxene partly altered t.o chlorite make up the main mass of 
the rock. Apatite is noteworthy and iron oxide is present. 
Secondary epidote may be seen. The feldspars have in part 
ali:€red to sericite, but much chlorite has also formed. 

North of Allie Canyon, near the gravel overlap, is a por­
phyritic, fairly coarse grained greenish-gray rock of granitoid 
aspect showing dull white feldspars, some as large as three· 
tenths of an inch in diameter, with abundant hornblende and 
chloritized biotite. Quartz phenocrysts may also be seen. 
Both plagioclase and orthoclase are present. The groundmass 
is a microcrystalline aggregate of quartz and orthoclase. Large 
crystals of apatite are subordinate, and calcite and epidote are 
secondary. The rock might equally well be termed a grano­
diorite or quartz monzonite porphyry. 

Associated with these masses in Shingle and Allie canyons 
are finer-grained dikes, especially in Shingle Canyon, which, 
though considerably altered, show closer relationships with 
monzonite than with any ot.her rock. Their age is in doubt. 
Rocks very similar are certainly offshoots from the quartz 
latite stocks of Tertiary or later age, and the inference is that 
these also may have been intruded at the same t.ime. 

TERTIARY LA VAS. 

Lavas form t.he prominent range of mountains that traverses 
the northern part of the quadrangle in a northwesterly direc­
t.ion. They occnpy about 130 square miles of the quadrangle, 
this area including the foothills. The line of low mountains 
that trends north'westward to Greenwood Canyon. near the 
northwest corner of the quadrangle, and about 50 square miles 
of mountainous territory south of Santa Rita are also occupied 
by these flows. Other small areas are on the central western 
margin of the quadrangle, in the Little Burro Mountains, in 
the southwestern corner of the quadrangle, and near t.he 
central southern edge: 

The determining factor in the topographic expression of the 
lavas and the associated sedimentary beds is that tlley consist 
of nearly horizontal superimposed sheets. Faulting and ero­
sion aceoun t for their diversified forms. 

In the range south of Santa Rita a bold vertical cliff rests 
upon semiconsolidated Band whose slope is decidedly less than 
that. of t.he cliff. Steep-walled canyons traverse parts of this 
TUnge. The overlying andesite has weathered into softer con­
tours than the lower rhyolite, thus lessening the ruggedness of 
the mountains. This effect, however, is not every'" here mani­
fest, for the andesite that caps Four A Mountain presents no 
such rounded contours, and thin sheets may make very per:­
fect tl1ble-like meEas. (See PI. VII.) The lava range at the 
north, viewed from allY distant elevated point, likewise has 
the appearance of a great dissected pile of horizontal strata, 
and only on near approach does one observe the many peculiar 
forms that erosion has fashioned from the flows. The rhyolites 
especially are noteworthy for t.he odd shapes into which t.hey 
have been carved by ruin. Pointed cones, huge isolated bowl­
ders, balanced rocks resembling huge and grotesque creatures, 
and acres of' high towered and domed monuments may be 
seen in different pa-rts of the lava-covered areas. 

Three principal sorts of rock have been distinguished and 
mapped-light-colored, pinkish-white rhyolitic lavas, with 
associated b-reccia; dark·colored andesitic and basaltic lavas; 
and interbedded tuffs and detrital sediments. Each sort occurs 
at. several horizons, and the light-colored, more siliceous lavas 
alternate with the darker, less siliceous types. 

In the range south of Santa Rita the basal member is a 
sedimentary bed ranging in thickness from 100 to 500 feet. 

Silver CIty. 
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The thickness of the accumula.tion was directly controlled, in 
part at least, by the unevenness of the underlying surface. 

Upon this deposit of fine silt successive, nearly horizontal 
flows of rhyolitic and andesitic lava were poured out. One 
striking feature, 'well ill1,l.strated in the mapping and Rccentu· 
ating the difference between sedimentary strata and lava flows, 
is the thinning out of the la"VR flows at their edges. The lava 
flows thin out with increasing distance from their sources, but 
the sedimentary beds are thinnest near their sources. 

The first flow attained in places a thickness of 600 feet and 
..,,,as succeeded bya.n andesitic flow, which terminated about the 
center of the' mountain mass. At the extreme northeastern 
scarp remnants of it are 300 feet thick. It thinned abruptly 
southward a.nd southwestward and was followed by a rhyolitic 
flow, which entered t.his area perhaps in two separate lobes, the 
edge of one of which thinned in the mountains east of Martin 
Canyon. The other lobe, near the eastern edge of the quad­
rangle, seems never to have entered the mountains east of 
Martin Canyon but. perhaps connects with the first lobe in the 
area south of those mountains. 

In the northern lava field the succession is essentially 
similar to that just described. In the region about Black 
Peak the successive interbedded sedimentary deposits and lava 
flows emphasize the periodicity of the flows of andesite. At 
least three periods of andesitic eruption are evident, and three 
periods of sedimentation, the la8t of which was accompanied 
by a second rhyolite flow. The thinning out of flows and 
sediments is well shown in this area also. Of special note is 
the thinning out of the great rhyolite flow, which beneath 
Four A !\fountain is not less than 800 feet thick but east of 
Avalanche Peak has disappeared, though its thin edges may 
be seen in places. Such conditions are the natural result of 
irregular topography and great flows-that is, some areas 
escaped for a time only to be covered, later by succeeding 
eruptions. 

In the country nort.hwest of Lookout Peak, and especially 
well exposed along Bear Creek, are considerable accumulations 
of rhyolite breccia, which grades upward into tuffs and detrital 
sediments. The brecciation of the rocks is in the main prob­
ably the result of flow, the lava. partly solidifying, breaking up, 
and being rolled along in the Clll'rent of molten rock. In the 
Greenwood Range, t.oo, are areas that appear to illustrate this 
process. The presence of tuffaceous sediments overlying the 
lavas suggests t.he possibility that explosive materia.l may have 
in part added to the markedly fragmental character of the rocks. 

The rhyolite south of Santa Rita at a point about 2± miles 
south of Cobre Siding is a light-bluish rough-surfaced rock 
with phenacrysts of glittering clear glassy feldspar, plainly 
visible quartz, and some biotite in an aphanitic groundmass. 
The rock contai.ns abundant orthoclase, some unstriated oligo­
clase, and large crystals of ilmenite. The groundmass is a 
fine-grained aggregate of glass and feldspar. The rock may 
be classed as rhyolite, though it approaches: quartz latite in 
composition. 

III the tuff-gravel series near Hurley is a thin flow not 
shown on the map. A bed of tuff 50 feet thick is overlain 
by 30 feet of conglomeratic material and that in turn by a 20-
foot flow. The ,lava is light sftlmon.pink cellular rock of 
purrliceous aspect, and contains many fragmental' inclusions, 
some as much as an inch long. It has a glassy base, to which 
are scattered unstriated feldspar phenocrysts with an 'pverage 
index of refraction about that of Canada balsam (albit~-oligo­
c1ase) and a 'few flakes of biotite. In the groundm~ss are 
numerous fibrous or spherulitic crystalline growths. Straight, 
curved, and forking figures are made up of crystallin¢ fibers 
set at right angles to parallel walls. Some of the figures are 
spherical or ovoid and in these also the fibers are set a't right 
angles to the inclosing walls. These incipient growt~s are 
characteristic of western rhyolit.ic lavas. In the tuff ~eries 
southeast of t.he Kneeling ~ un a salmon-colored, exceedingly 
fine grained rhyolite glass with conchoidal fracture con~ains 
myriads of them. I 

About 6 miles northwest of Silver City, on the main roM. at 
the Continental Divide, two flows of rhyolite, separated \)y a 
few feet of iron-stained gravel but mapped as a unit,!' are 
exposed. The rock of one is light pink and cont,ins 
irregularly shaped dull-white feldspars, some of which :are 
half an inch long, clear, glit.tering, smoothly cleaved f~ld­
spars, and small quartz crystals in a fine-grained ground mass. 
Other phenocrysts, some of them one-tenth of an inch ldng, 
are a micrographic intergrowth of feldspar and quartz. Ort~o­
clase is the most abundant feldspar, though there is soime 
feldspar with an index as high as that of quartz and a 
little striated albite. The groundmass is glassy and contains 
myriads of incipient crystal growths. The rock of the other 
flow is white and chalky but is essentially the same except 
that quartz is not so evident, though it is probably represented 
by silica in the glassy groundmass. Both rocks are rhyolite1 

About a mile north-northeast of the last locality is a s~c­
cession of thin flows, interbedded with gravel, one of which! is 

especially typical of much of the rhyolite in the northern 
ranges. It is a lavender-colored rough porphyritic rock with 
feldspar and quartz phenocrysts fl'om one-twentieth to one­
tenth of an inch in diameter and copper-colored flakes of mica 
in an aphanitic ground mass. The unaltered feldspar, which 
is sanidine, has glittering. colorless, glassy cleavage faces. 
Examined with a microscope the glassy groundmass is seen to 
contain abundant microlites. 

East of Pinos Altos the rhyolite flows are finely exposed. 
Two specimens were examined microscopically. One is rough 
and pinkish and contains abundant mica weathered to pure 
copper color and abundant porcelain-white feldspars in a pink 
fine-grained groundmass. The microscope shows that the 
feldspars are dominantly oligoclase with subsidiary orthoclase 
in a groundmass of glass in which spherulitic textures are 
finely developed. Both feldspars and glass make up the 
groundmass. The rock is quartz latite. The second specimen 
is a smooth lavender-colored rock with an aphanitic ground­
mass, in which a.re scat.tered small phenocrysts of porcelain­
white feldspar and copper-colored biotite. Flow structure is 
prominent in the glassy groundmass. The feldspars are 
dominantly clear sanidines. The rock is typical rhyolite. 

Lookout Peak is capped by a remnant of the rhyolite lava 
flows that cover much territory to the north. The rock is 
brownish red and contains small white phenocrysts of feldspar 
and abundant bronze·colored hiotite in an aphanitic ground­
mass. The phenocrysts are orthoclase, in part remarkably 
clear and without clea vage. 'With a microscope curved cracks 
may be seen in them and inclusions suggesting those of quartz. 
The crystals, however, are certainly biaxial, and the index of 
refraction is slightly lower than that of balsam. The ground­
mass contains much glass and hosts of crystalline micl'olites. 
:\Iagnetite grains are scattered through the rock and are in 
places surronnded by aureoles of red iron oxide. 

Near the north end of the Greenwood Range considerable 
areas are occupied by quartz latite. These rocks are clOEely 
allied to the rhyolites, both chemically and in their appearance, 
and are logically grouped and mapped with them. They are 
light bluish-gray or dove-colored rocks, showing both flesh­
colored and clear glittering feldspar laths in a microcrystalline 
groundmass. Some phenocrysts are a quarter of an inch in 
diameter, though most of them are smaller. Albite-oligoclase is 
most abundant, though ort.hoclase is also present in consider­
able amount. Quartz phenocrysts, too, may be seen, and the 
groundmass is composed of finely granular quartz and feld~ 
spar. Some biotite is present. 

Similar latitic rocks occupy considerable areas several miles 
farther south in the Greenwood Range, where the lava is ashy 
white and tuffaceous and contains abun~ant, evenly distribnted 
small flakes of biot.it.e. The feldspars, which are abundant 
as broken fragments in a glassy groundmass, are dominantly 
oligoclase, with subsidiary orthoclase and quartz. Magnetite 
is present. The movement of the lava has left its mark on 
the biotite flakes, some of which are bent and twisted as if 
disturbed after crystallization. The fragmentary aspect of 
the feldspar phenocrysts is due to the same cause. The rock 
is quartz latite. 

The hill a mile southeast ,of Stewart Peak is capped by a fine­
grained porphyritic flow containing abundant, evenly distrib­
uted dull-white prism-shaped feldspar phenocrysts, averaging 
a little less than a tenth of an inch long, in a gray groundmass. 
vVith a microscope they are seen to be largely sodic labradorite 
in a microcrystalline groundmass of orthoclase a.nd quartz. A 
little biotite, magnetite, ~nd rods and grains of apatite are 
accessory minerals. Zonal growth is prominent in the pla.gio­
clase phenocrysts. The flow is quartz latite. 

Rocks of this type occur at several other localities. One 
mass, whose relations are not certainly understood, is on the 
Continental Divide 2 miles south of Stewart Peak and has a 
length east and west of about lt miles. Some of its field rela­
tions suggest an extrusive rock, like the capping of the small 
hill just described, a mile southeast of Stewart Peak, but its 
relation to the rhyolite flows against. which it abuts on the 
south and the northeast suggests either intrusion or faulting. 
It is possible that the mass is an intrusive stock, of which the 
capping mentioned aboye as lying to the north is but a sman 
extrusi ve remnant. This view iii! upheld by the fact that the 
two rocks are strikingly similar both in hand specimens and 
when examined microscopically, and both are quartz latite 
porphyries. 

Of the breccias from the region northwest of Lookout Peak, 
two were examined microscopically. One is light lavender 
pink to chalky white a.nd is made up of numerous angular 
fragments up to an inch or more in diameter. Quartz may be 
seen in the hand specimen. Black well-developed crystals of 
biotite are plentiful and small fresh crystals of orthoclase may 
be plainly seen with a hand lens. The groundmass is glassy. 
The fragmental character of the quartz is also plainly apparent 
and the orthoclase crystals likewise have a fragmental aspect. 
Evidently flow in the mass has interrupted rather advanced 
crystal growth and has both torn apart the phenocrysts and 
destroyed the homogeneity of the groundmass. The rock is 
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a. good example of a rhyolite flow breccia. The other is a flow 
breccia formed from a very glassy, finely crystalline base. The 
individual fragments are only disrupted portions of the fine­
grained groundmass Hnd no crystals of large size were seen. 
The rock consists of chalky pink to white angular fragments 
from minute particles to pieces seyeral inches in diameter set 
in a red glassy groundmass. The fragments form much the 
greater part of the rock. 

Andesitic and basaltic lavas alternate with the more acid 
rhyolitic and lat.itic flows and are quite as conspicuous. 
Accumulations aggregating 700 feet in thicknesR form the 
mujor portion of the range near Black Peak. A number of 
flows join to make up such piles of rock and several of them 
are sharply marked by the interpolation of beds of sund and 
gravel between them. But even the sheets of lava between 
stratu of sedimentary material probably comprise several thin 
flows. It is not practical to separate them, however, and the 
sediment.ary beds are used as division planes. In the discus­
sion of these rocks, therefore, as in the discussion of the rhyo­
litic rocks, various dark-colored andesitic and basaltic types 
are grouped together, for even in the hand specimen they can 
seldom be distinguished from one another. It is true that 
after becoming familiar with the types in the field one can 
recognize with some degree of a~sura.nce a difference between 
the main lower flow and a flow higher up in the series, but 
without the aid of the gravel and sand beds as horizon markers 
it is doubtful whether such criteria as may be at hand would 
serYe consistently to distinguish the several types. The lower­
most flow is a dark rock of deep-reddish tODe showing a great 
number of glittering feldspars of the same general deep-red 
tone. Unde'r the microscope the rock appears distinctly 
porphyritic. Well-formed, relatively large, slender pheno­
crysts :of labradorite (Ab 2 Ans) are set in a fine-grained ground­
mass, in which the prism 01' rodlike form is characteristic of 
the feldspars. Olivine in well-developed crystals and small 
grains also appears as phenocrysts. Many of these grains are 
altered to iddingsite at theil' borders, and some grains are 
altered throughout. The groundmass, which forms consider­
ably more than half the body of the rock, contains mnch finely 
granular pyroxene 'with abundant fine grains of magnetite. 
Flow structure is plainly visible in the parallel arrangement 
of the tiny rods. Great clouds of inclusions are noted in the 
feldspar phenocrysts. The rock may be called a basalt. 

On the top of Four A Mountain the lowermost flow is a 
decidedly yesicular and aphanitic black rock, weathering dark 
brown and marked by glittering crystal f~es of dark glassy 
aspect. This flow also is distinctly porphyritic. Although 
esse'ntially the same as the one from the Black Peak region, it 
differs in its larger proportion of pyroxene and olivine, both 
of which are prominent as phenocrysts and as small grains in 
the groundmass. Magnetite, too, takes the form of both 
phenocrysts and granular material. Some of t.he feldspars are 
as calcic as bytownite. The groundmass of the flow contains 
considerable glass as clouds of inclusions in the feldspars. The 
name basalt may appropriately apply to this rock. 

What was regarded as the upper flow during the progress of 
the field work proves to be a rock mineralogically on the 
border line between basalt and andesite, and when compared 
with portions of the flow that forms the northern end of the 
Little Burro Mountains it shows plainly its intermediate posi­
tion. rrhe upper flow near Black Peak is a fine-grained 
bluish-gray rock, the weathered surface of which takes on a 
porcelain-like glaze. It is made up essentially of fine rods of 
plagioclase, some as calcic as labradorite, with abunda.nt though 
subordinate grains of pyroxene and magnetite. Though a 
number of the feldspars assume the size of phenocrysts the 
rock is not nearly so well defined a porphyry as the lower flow. 
Scattered through it are small grains of red iddingsite derived 
from olivine that was apparently original. The olivine, how­
e\'er, is not so abundant as in normal basalt, nor do the crys­
tals of it or those of pyroxene assume the size of well-developed 
phenocrysts. 

The rock from the Little Burro Mountains is likewise an 
aphanitic blue-gray rock showing threadlike white flow lines 
and taking on a porcelain-like glaze on weathered surfaces. 
Its groundmass and general arrangement of minerals are simi-, 
lar to those of the rock near Black Peak, with t.he difference, 
however, that olivine is lacking, and the feldspar is lees calcic, 
oligoclase bein,e; very abundant. Both orthorhombic (hyper­
sthene) and monoclinic pyroxene and great quantities of apatit:e 
needles are abundant in tine grains in the groundmass. The 
rock may be caUed pyroxene andesite. 

Near the middle point of the southern edge of the quadran­
gle there is a small area of la.va which protrudes from beneath 
a cover of gravel. Here a basalt flGW overlies a rhyolite. The 
basalt is an exceptionally good example of its type, and the 
rock fortunately is exceptionally fresh. It is chocolate-brown, 
aplwnitic, and conspicuously vesicular, and contains both 
minute and rat.her large cavities, the largest half an inch 
long, though the small ones are much more numerous. Micro-
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scopically the rock is of typically pilotaxitic texture, tllat is, 
it contains a mesh of interlocking fine rods of labradorite. 
Abundant small grains of pyroxene with magnetite are evenly 
distributed throughout the groundmass, and phenocrysts of 
oli dne in various stages of alteration to red iddingsite form a 
noteworthy constituent. Small grains of olivine also occur in 
the groundmass. Clouds of minute reddish inclmdons with an 
index lower than that of the feldspar occur at the border of two 
adjoining feldspars or in triangular areas between three blades 
(probably a glass?). 

LATITIU AND RHYOUTIC INTRUSIVES. 

General character and diEtr'ibution.-Certain latitic and 
rhyolitic stocks break through and penetrate aU the overlying 
rocks. Possibly they were the source of lava flows, though 
with the possible exception of the mass a mile southeast of 
Stewart Peak no remnant of such later effusives was noted. 
That some of the stocks represent volcanic rocks quite ileal' 
the surface is suggested by the well-developed flow structure 
which they display. (See PI. IlL) As now exposed byero­
sion mo"t of the stocks, especially those of latitic character, 
are confined to a belt 9 miles long and 2 miles wide, extending 
in a northeasterly direction near Bear Mountain and Stewart 
Peak. In the southwestern part of the quadrangle, south­
east of the Big Burro Mountains, are many intrusive rhyolitic 
stoeks, most of them too small to be mapped. One, however, 
a mile and a half long, is ma pped at the south end of the 
Little Burro Mountains. What are taken. to be similar late 
intrusives make up much of the mountains, but surficial 
decomposition has gone to such lengths that it is not. possible 
definitely to determine the petrographic character of the 
rock. 

Peb·ogl'aphy.-The latitic stocks exposed in the neighbor­
hood of Bear ~fountain and Stewart Peak are all of similar 
type but 'with minor differences in color due mainly to surface 
decomposition. On the top of Bear Mountain is a. light-brown 
porphyry with small glittering feldspar laths in an aphanitic 
groundmass. Specks of magnetite are sparsely distributed 
throughout the rock. A conchoidal fracture is rather charac­
teriEtic. Examined microscopically, feldspars ranging from 
oligoclase to labradorite (Ab7oAnso to Ab4o An 6o ) are seen 
in a microcrystalline though partly glassy groundmass of 
quartz and orthoclase \"ith some plagioclase. The feldspars 
are generally tabular and surrounded by the quartz. Dis­
tributed quite e\Tenly throughout the rock are microscopic 
grains of hematite. A little chloritized biotite and a few rods 
of apatite are present. 

The rock which forms Stewart Peak and which underlies a 
considerable area to the west is similar to that. of Bear Moun­
tain. An individual specimen is a light olive-green porphyry 
containing abundant small white glistening feldspar pheno­
crysts in an aphanitic groundmass, t.hrough which likewise are 
distributed eyenly and abundantly tiny blades or plates of 
biotite and grains of magnetite. Microscopically the rock is 
not essentially different from tllat just described. The ground­
mass contains rather lathlike feldspar set in glass, orthoclase, 
and quartz. The phenocrysts are much the same as those of 
the Bear }fOl~ntain rock. Small egg-shaped and subcircular 
masses of brown serpentine, probably replacing the ground­
mass, Rre quite numerous. The partial absorption of feldspar 
phenocrysts, illustrated in t.heir prominently rounded edges, 
and the same phenomenon ,,,ith respect to biotite plates, along 
the edges of which magnetite is conl'entrated, are interest­
ing minor features. Tiny specks of hematite are distributed 
through the rock, and a few crystals of magnetite assume the 
size of phenocrysts. 

QUATERNARY BASaLT. 

Basaltic laYR flows are interbedded with the deposits of 
gravel and represent the Pleistocene epoch of igneous activity 
in a region which, as has been shown, is remarkable for the 
diversity of its igneous history since Cretaceous time. In the 
desert region south of the quadrangle flows spread over the 
very recent deposits and are a last expression of dying volcanic 
activity. It is noteworthy that the Pleistocene and Recent 
flows are basaltic, for their immediate predecessors were sili­
ceous, being latite porphyry stocks. 

It was not in general practical to map these basalt flows. 
Few of them attain a thickness of 100 feet. In one area, 
however, in the nort.h west corner of the quadrangle a mass of 
basalt has been separately mapped. Its relations are not 
entirely clear. Portions of it are, without question, intrusive 
both 'with respect to the rhyolite of that area and to the Pleis­
tocene gravel which is deposited upon the rhyolite. Pet.ro­
graphically the rock has the characteristics of a flow. It is 
probable that the mass is partly intrusive and partly extrusive. 
It may represent the source of a number of thin flows in the 
northwestern part of the quadrangle. 

The Pleistocene basalt flo'ws are well displayed in the region 
about L S Mesa and Hells Half Acre-in fact, in all the 
region of Pleistocene gra vel that is tributary to '\Valnut Creek. 
They may be seen also in the region northwest of Treasure 

Mountain, especially i,n Cane Spring Canyon. (See PI. VIII.) 
In this same general region a basalt dike was noted cutting 
Pleistocene gravel. (See PI. I.) 

The flows are normal olivine basalt. The mass mapped in 
the northwest corner of the quadrangle is highly vesicular, 
black, and fine grained" and shows stretched gas Cft vities 
with an average length of one-fourth of an inch and occu­
pying almost as much space as the solid portion of the rock. 
Under the microscope the rock shows the pilotaxitic texture of 
fine-grained, rather glassy basalt. Labradorite laths are set 
in a partly glassy paste. Olivine is not abundant and fine 
grains of pyroxene and magnetite are scattered throughout the 
rock. 

A basalt flow overlying rhyolite but of Pleistocene age is a 
dark fine-grained blue-black amygdaloidal la ya, showing abun­
dant. specks of olivine scattered through the rock. Much of 
the abundant olivine in this rock is altered about its borders, 
or completely, to the ruhy-red mineral iddingsite. 

Other flows examined microscopically do not show excep­
tional variation from normal olivine basalt. 

STRUCTURE. 

GENERAL FEATURES. 

It is at once apparent that the Paleozoic and Cretaceous 
strata., taken together, lie in a broad shallow syncline whose 
axis passes in a curving line from Pinos Altos to a point south­
east of Central. The western edge of the trough is well 
defined by the crest line of the Silver City and Lone Mountain 
ranges, but the eastern part is distmbed by a series of parallel 
north-south folds, more or less warped by igneous intrusion 
and broken by severe faulting. 

In the Little Bmro Mountains the eastward dip of the 
sedimentary rocks shows that somewhere between those moun­
tains and the western boundary of the trough just mentioned 
there must be a fault much like that which drops Treasure 
Mountain and its northern outliers to their unusual position 
with respect to the Paleozoic beds in the main Silver City 
Range. 

Next perhaps in broad structural importance is the presence 
of vast piles of faulted, nearly horizontal beds of lava, which 
cover the greater part of the northern part of the quadrangle 
and obscure much of the older topography south of Santa Rita. 
(See sections A-A and H-H of structure-section sheet.) 

Folding, faulting, extrusion, and intrusion have therefore 
played important parts in the final configuration of the geologic 
structure of this region. The principal structural features in 
the area are shown in figure 8. Each may now be described 
in detail. 

FOLDl~G. 

The folding is decidedly open and is probably due in part 
to the forces that produced the faulting and in part to earlier 
igneous intrusion. The region between the Silver City Range 
and the eastern side of the quadrangle is one of gently undu­
lating open folds hroken by intrusion and disturbed by com­
plex faulting. Just west of Gomez Peak is a structural dome, 
which through erosion now appears as a core of Paleozoic lime­
stone surrounded by a rim of Cretaceous quartzite. (See sec­
tion B-B, structure-section sheet.) The presence of intrusive 
rock on three sides of the dome points unmistakably to the 
welling up of the magma that domed the superincumbent beds. 
This association of igneous intrusion with warping is again 
strikingly brought out at the eastern side of t.his broad syn­
clinal trough, where Carboniferous limestone has been gently 
arched along the axis of a north-south fold by the intrusive 
mass between Fierro and Hanover. (See section C-C, struc­
ture-section sheet.) It is also evident that the intrusive rock 
at Copper Flat is almost centrally located with respect' to a 
perfect structural ,dome. At each of these places the erosion of 
the igneous rock has formed a topographic depression where 
there was once an elevated area. 
. Between these two anticlines a shallow syncline extends 
nearly southward from the intrusive mass of Hermosa Peak 
to a p'oint southwest of Hanover. A second syncline, con­
siderably broader, occupies the area between the Fierro­
Hanover anticline a.nd the eastern border of the block. The 
dips along the eastern border are uniformly westward. 

The structure of the beds at Lone Mountain, in the Silver 
City Range, and in the Little Burro Mountains, is the result 
of both folding and faulting. (See sections E-E and D-D, 
structure-section sheet.) The folding, however, monoclina.l in 
both places, is believed to be genetically connected with the 
faulting and to be of a period distinctly later than the faulting 
produced by the intrusions described abo,'e. The evidence for 
this belief is as follows: The intrusive mass which forms the 
dome near Gomez Peak is overlain by Tertiary gra vel, 
whereas the intrusive mass at Fierro is cut at its northern end 
by a fault which seems to belong to a system of faults formed 
after the deposition of the Tertiary gravel. Moreover, the 
intrusi ve mass is similar in petrographic type to others farther 
to the north and at Pinos Altos, which are earlier than the 
Tertiary gravel. The intrusion is therefore probably earlier 



than the gravel. The folds at the foot of the Silver City and 
other ranges, however, involve gravels of Tertiary age and 
must therefore be of a later date. 

FAULTING. 

All the faults observed are of the normal type and express 
an extension or stretching of the strata. The strong north­
westerly 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 north­
westward, the other trending northeastward. The Silver City 
Range, for example, and its southeastern structural analogue, 
Lone Mountain, where not faulted along their eastern front, 
are sharply flexed, some beds standing at high angles-70° or 
more. 'Vest of these mountains, too, partly visible at Treas­
ure Mountain and in the hills north of it are strong faults 
nearly parallel to the fault on the eastern front. (See fig. 9.) 

The west flank of the Little Burro Mountains also is marked 
by a fault which is parallel to the monoclinal axis of the range. 
At Georgetown, too, a strong northwesterly fault is parallel to 
the broad monocline which dips to the south west. 

In striking contrast to these relatively widely separated 
dislocations are the closely spaced and on the whole much 
shorter transverse northeasterly fractures. These are well 
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dips are vertical, some beds being even overturned, and the 
strata are broken by dozens of small faults, all with their down­
throw on the north. It would be difficult to find another 
piece of ground so shattered and yet illustrating so consist­
ently the nature of the breaks that disrupted its continuity. 

About 2 miles southeast of Bear Mountain the contact 
between the Percha.shale and the Fusselman limestone is that 
of block faulting of such a nature thut small triangular areas 
of the shale are cut out as if pressed up through the teeth of 
a '3aw. The forces that produced the faulting in this range 
may have initiated or possibly were initiated by igneous 
intrusion. Bear Mountain, a yolcanic stock, has 'without 
doubt aided in the distortion of the beds at the north end of 
t.he range. 'fhis point ,,,ill be discussed more fully below. 

A study of the Little Burro Mountains and of Lone Moun­
tain brings out no new fact as regards cross faulting, unless it 
be that in the main the downthrow of the faults at Lone 
Mountain is to the south, suggesting that the disturbing 
element causing uplift lies somewhere between Silver City and 
this mountain. 

Near the eastern edge of the quadrangle there are several 
noteworthy northeastward-trending breaks. A strong fault 
passes northeastward between Fierro and Hanover Mountain. 
Along its course Cretaceous strata are lowered on the north 

FIGURE B.-Map of the principal faults and folds in the northern part of the Silver City quadra.ngle. 
Hea,vy llnes representing faults are dotted where the faults lue oonoea.led. D, Downthrowu side of fault; u, upthrown .Ide. The small arrows .how direction of dip of the beds. 

exposed in the Silver City Range. The portion of the range 
that is limited by the three strong faults shown in figure 9 is 
particularly suitable for study. These three faults encompass 
a distinct uplifted block. It is at once evident that almost 
every cross fault is downthrown on the north side or uplifted 
on-the south side. Such a system of faults involves a decided 
extension or lengthening of the pntire block. Figure 9 shows 
the roughly wedge-shaped form of the mass. If such a wedge­
shaped hloek were lifted from the body of the crust in a way 
that would tilt it decidedly to the north and if the force which 
caused the uplift '''ere applied near its south end, say in the 
region just south of 8ilver City, it is evident that the strata 
would not be strong enough to allow the block to be tilted 
solidly, so that successive blocks would break and slip upward 
with the result shown diagrammatically in figure 10. In this 
figure the ussumption is made that no horizontal movement 
took place along the fault planes, for all the phenomena 
observed in the field, except perhaps at one locality, may 'be 
explained as a result of erosion acting on such a set of fault 
blocks as are depicted. 

Several details connected with this shattered block are of 
more than ordinary interest. At its south end, for instance, 
where the northeasterly fault passing through Silver City 
crosses the range, the beds are very greatly disturbed. The 
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side against Paleozoic limestone on the south. This fauIt 
passes into a sharp fold at its southwest end and terminates 
against a north west fault at its north end and apparently cuts 
across the synclines and anticlines of this Paleozoic block. 

Two faults that ip.te~'sect near Santa Rita are decidedly 
suggesti ve in the interpretation of the structure and stratig­
raphy around that mining camp. One passes northeastward 
nearly through Cobre Siding, and its downthrow on the south 
is strikingly brou~ht out by the discordance in level of the 
horizontal lavas which it cuts south of Hanoyer Junction. 
(See section F-F, structure-section sheet.) The other fault 
approaches Santa Rita, trending almost west. Its down throw 
is also on the south, with the consequence that within the 
angle between these two faults only CrE'ltaceous beds occur at 
the surface. The recognition of these faults, as will be shown 
later, necessitates a different interpretation of the structural 
relations of the quartzite near Santa Rita from that offered by 
preyious workers. North of the east-'west fault and west of the 
northeast-southwest fault the Beartooth quartzite is exposed, 
resting upon Paleozoic limestone. Within the angle of the 
faults, however, all the fine-grained qual'tzitic rock exposed 
is really Cretaceous shale that has been altered by contact 
metamorphism, and so' far as could be determined, this meta~ 
morphosed material is the only sedimentary rock within the 

down-faulted block, though possibly there may be a fe\" beds 
of true quartzite, for sandstone lentils occur within the Colo­
rado shale. 

The faults in the region immediately east of Walnut Creek 
and in the vicinity of Sycamore Canyon are particularly 
numerous and without recognizable system. The country is 
broken into a 8eri('s of slices and irregular blocks, and the 
stratigraphic sequence is much disturbed. Intrusive volcanic 
stocks are conspicuous accompaniments of the dislocations. 

In the lava ranges on the north most of the faults trend 
west-northwest, are norma], and are especially characterized 
by curved courses. Narrow strips of country are lifted as 
individual blocks bounded by converging curving faults, 
some of which join and split several times throughout their 
courses. 

As was stated above several faults indicate rather certainly 
movements later than the period of Pleistocene deposition, 
though the recent movement on each of these faults was per­
haps only:a prolongation of a much earlier disturbance. Such 

FIGURE g.-Map of the faults in Silver City Range and Treasure Mountain, 
showing a major northwest·southeast system of faulting and a minor 
system of cross faults. 

0, Downthr<lwn side of fault; U, upthrown side. 

a fault is the one that separates the Pleistocene from pre­
Cambrian rocks at the western base of Little Burro Mountains. 
Near the north end of this fault, a short distance south of 
Wind Canyon, the gravel beds abut against the rhyolite, which 
with the overlying andesite forms much of these hills. (See 
PI. IV.) It does not seem possible that this attitude of the 
beds could be brought about by any other means than a 
fault. On tracing this fault southward to Redrock Canyon 
one is again impressed with the abruptness of the contact with 
granite. At the canyon, though the evidence is not perfectly 
clear that faulting has taken place, there are certain conditions 
which are rather opposed to a normal overla.pping contact, 
the most important of which is the fineness of the sediments 
that abut vertically against the granite. And though there is 
some granitic material in the gravel, the amount seems insuffi­
cient to establish a purely local origin for the pebbles. Further­
more, at a point about a mile north-northeast of Tyrone a cross 
fault offsets the straight contact of the main fault. In both 
directions, north and south, from the cross fault the gravel 
contact for half a mile along the main fault is straight, but at 
the cross fault the contact is sharply offset for about 300 feet 
in a direction accordant with the dip of the fault planes and 
the throw of the cross fault. Further, a short distance to the 

FIGURE 10.-Ideal stereogram showing nature of the movement of the 
Bmaller fault bloeks of the cross-fault system in Silver City Range. 

north of the point where the road crosses the main fault there 
is a vertical contact of fine gravel ap;ainst broken rocks of the 
andesite complex, about 3 feet of fAult gouge lying between the 
gra.vel And the complex. The gravel at the contact is not com­
posed of material of the complex but of light-colored granite. 
Still another fact ,may be cited, that is, the difference in the 
character of the gravel contact on the two sides of the range. 
On the east it is much higher than on the west, and it lies 
upon an irregular surface of rhyolite with a crooked contact 
and shows very coarse material at the base of the gravel, the 
conditions presenting a marked contrast to the west side. 

Evidence of post-Pleistocene faulting may be seen at several 
other localities north of Treasure Mounta.in and east of Georp:e­
town, where much the same criteria for faulting as have just 
been pointed out can be found. 



The age of movement along a plane or surface of weakness 
is hard to determine, for where a break has once been formed 
by movement a continuation of the movement is likely to take 
place, perhaps at intervals, through a long period of time. 
It is therefore impossible to determirre definitely when faulting 
first began in this area. It is eyident that faulting has taken 
place since the deposition of Pleistocene gra vel; also that some 
faults break t.he Tertiary lava flows without apparently affecting 
the Pleistocene gravel; but though no fault was found that 
cuts Cretaceous rocks and doe's 110t cut 'Tertiary lavas, yet 
faulting might have begun before the layas were deposited and 
continued along the same planes after their deposition. The 
absence, howe\'er, of any direct evidence pointing to this con­
clusion permits the tentative assumption that faulting began 
after the lavas had been poured out and continued at intervals 
along certain breaks after the deposition of Pleistocene gravel. 

GEOLOGIC HISTORY. 

PRE-CA1I'IBHIAN TIME. 

The long period that preceded Cambrian deposition doubtless 
comprised many intervals of sedimentation, erosion, and disturb­
ance, represent.ing in all a longer time than that represented by 
all succeeding geologic history. Only the merest fragments of 
this history can be read in this area. The pre-Cambrian rocks 
are largely granites, in which are enmeshed the almost indistin­
guishable traces of a sedimentary record. A few small areas of 
quart7-ite and schist point to the existence of ancient seas. The 
metamorphosed and fragmentary character of these ancient sedi­
mentary rocks shows that their history has been varied. 

There is abundant reason to believe that old mountain 
ranges existed in this region and that forces of erosion in the 
past eYen as to-day carried on their work of denudation. The 
character of the surface upon which the earliest Cambrian 
strata rest in this area serves to verify what has been observed 
at many other localities, namely, that a period of prolonged 
erosion and base-leveling preceded the subsidence of the pre­
Cambrian land beneath the sea, forming a floor of' moderate 
relief on which the Cambrian sands '"ere deposited. 

PALEOZOIC ERA. 

The nature of the basal Cambrian strata, which are com­
posed of quartzose, limy, and glauconitic material, shows that 
at the time of their deposition the sea was gradually trans­
gressing upon a land surface of moderate relief. It is prob­
able that as the sea advanced wave action reduced still further 
rather low relief and that the remarkably flat contact between 
the Cambrian sediments and the pre-Cambrian basement is in 
part a result of this action. 

The subsidence whose beginning is marked by these Cam­
brian beds endured for a long period. As the seas gradually 
grew deeper or as the shore line slowly transgressed landward, 
limy sediments gradually became more prevalent and finally 
they formed the only record of deposition. Though these seas 
were not deep they were probably extensive. Whether the 
interval of time indicated by differences in the fauna of the 
Bliss sandstone and that of the EI Paso limestone includes a 
period when Cambrian beds were raised above sea level and 
subjected to erosion can not yet be determined. Apparently 
there was a rather abrupt transition from the sandy limestone 
layers of the older formation to the more limy beds of the 
younger formation, but if there is an unconformity it has not 
been detected. The incursion of sandy layers in the upper 
part of the EI Paso limestone marks the unsettling of a delicate 
balance of depth rather than any great uplift. The quartz 
sands found in this part of the Cambrian system may have 
been carried there by currents that swept across wide areas of 
shallow seas or may have Qeen blown from neighboring 
beaches by violent winds, for limestone deposits may be formed 
close to the seashore provided great quantities of debris are 
not being contributed to the sea. 

The record of Silurian time, with its fossiliferous and chert­
bearing beds, shows that the conditions then were similar to 
those of the preeeding period. The abrupt change, however, 
from Silurian limestone to Devonian shale suggests a funda­
mental difference in conditions of sedimentation. Though the 
bedding of the Silnrian limestone and the Devonian sh'ale 
seems to be concordant, there is reason to believe that the begin­
ning of Devonian deposition 'was preceded by marked erosion 
in this south,Yestern area.. At Bisbee, for example, as stated 
by Ransome, 1 Deyonian beds rest upon Cambrian limestone; 
at Clifton, as shown by Lindgren, Devonian overlie Ordovi­
cian beds j and in the 8il yer City regi0n Devonian rest upon 
Silurian beds. These facts and the sudden change in sedi­
mentation marked by the deposition of Devonian shale on 
Silurian limestone point to, deciaed irregularities in the Paleo­
zoic sequence in this south''I'estern province, probably indicat­
ing a period of uplift and erosion. 

The gradual change from shale to limestone observed at the 
top of the Perch a shale indicates an uninterrupted period of 

1 RanSOlne, F. L .. U. 8. Geol. Survey 6eol. Atlas, Bisbee folio (Ko. 112), 
p. 12, 1904. 
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deposition between Devonian and Carboniferous time and a 
decided clearing of the seas. The faunal changes are likewise 
noteworthy. The muddy waters in which the top of the 
Percha shale was laid down seemed especially adapted to 
Devonian forms, but when the waters became clearer they 
were no longer a suita.ble habitat for the Devonian fauna, 
which therefore disappeared and Carboniferous forms became 
prevalent. No stratigraphic break was detected between the 
Mississippian and Pennsylvanian beds, though differences in 
the fossils of these series suggest such a break. 

MESOZOIC AND CENOZOIC El{AS. 

The point has now been reached where, instead of picturing 
quiet Paleozoic seas, the imagination must depict the gradual 
emergence of a Mesozoic continent. No eyidence is at hand 
to prove that the uplift was accompanied by notable structural 
disturbance. No certain pre-Cretaceous faults are recognized, 
nor has any folding been observed which might not be assigned 
to later periods. It must be assumed, therefore, that though 
the emergence was \videspread, it took place in this area with­
out other deformation than that of gentle warping a.nd tilting. 
That the tilting may have been appreciable is shown by cer­
tain relations between the basal Cretaceous beds and tlltl under 
lying Paleozoic rock. For example, the Beartooth quartzite 
shows a remarkably clean-cut flat surface at its base, suggest­
ing a decided leveling of the underlying floor, its contact on 
the summit of the Little Burro MountaiU8 being a notably 
flat surfil.Ce. Now a's the basal Cretaceous beds were deposited 
on Pennsylvanian, Mississippian, DeYonian, Silurian, and pre­
Cambrian rocks, one may infer that these old rocks were tilted 
during their uplift and eroded nearly to base-level across their 
dipping beds. 

The absence of Triassic or Jurassic strata beneath the 
Cretaceous sediments points either to the existence of a con­
tinent during those periods or to an even more prolonged 
period of denudation than has just been inferred. 

The accumulation of Cretaceous sandstone, shale, and limy 
shale to a thickness of probably several thousand feet followed 
the subsidence of this eroded land surface. The quiet sedi­
mentation, however, may have been interrupted by subaqueous 
outbursts of andesitic and allied volcanic rocks. The breccias 
of the andesite-diorite complex have here and there the appear­
ance of sills, being both underlain and overlain by shale; but 
as the pyroclastic nature of the breccia precludes an intrusiye 
origin, it is suggested that near the close of Cretaceous sedi­
mentation, or after its close, volcanoes added their quota of 
material to the marine Cretaceous accumulations. The appar­
ent sill-like relation observed may, however, be due to faulting. 

There is abundant evidence of intense igneous activity from 
this time on. Thousands of dikes cut both the Cretaceou8 
shale and the breccias, indicating that the outbursts which 
furnished the pyroclastic accumulations were followed by con­
tinued long-extended fracturing of the strata and concomitant 
filling with igneous material. The great preponderance of this 
complex in the Cretaceous rocks suggests that a center of 
yolcanic actiyity existed somewhere near or north of Pinos 
Altos, though there may have been subsidiary centers near the 
Little Burro ~.fountains. 

The history of the region now enters upon a period notably 
different fro¥! the preceding long record of sedimentation. 
There is no evidence that the land was ever again beneath the 
sea, but there is conclusiye evidence that no less than five 
stages: of intrusion succeeded the one already described, and 
further, that they were associated with notable structural 
dislocations. 

The product of the first of these intrusions is rock of the 
quartz diorite porphyry type, well developed around Fort 
Bayard and extending to the south ,yard and eastward from 
that point. This indi yidual intrusive takes the form of a 
sheet at some places, for example, at Fort Bayard, where it 
lies above and dips westward with the Cretaceous sediments. 
Further west it dips beneath the Colorado shale. Moreoyer, 
it follows regularly the nose of the domelike nplift of which 
Copper Flat is the center. It is rather hazardous to correlate 
intrusive masses by lithologic features alone, but it is beliered 
that the intrusives west of the Kneeling Nun, at Hermosa 
Peak, and near Lone Mount.ain are of the same date as the 
laccolitll just described. 

Next in order of intrusion are such masses as the grano­
diorite between Hanover and Fierro, the masses at Copper 
Flat, Santa Rita, Pinos Altos, Gomez Peak, Silver City, and 
the quart7- monzonite mass of the Big Burro Mountains. That 
the mass behveen Fierro and Hanover and the mass at Santa 
Rita are later than the Fort Bayard intrusi ye mass is sug­
gested by the presence in the Fort Bayard laccolith of dikes 
very similar in composition and general aspect to the Fierro 
mass. The intrusion of these lat.er crystalline porphyries is of 
structural importance in that their entrance through the over­
lying rocks domes up the otherwise undisturbed beds. The 
masses at Copper Flat, Hanover, and Gomez Peak, for 
example, clearly illustrate such action. When these bodies of 
igneous rock, whose great surface exposure probably only indi-

cates a greater subsurface extent, had cooled, there ensued a 
period of active erosiol)., 'which is clearly indicated by the fact 
that such masses as the granodiorite of Pinos Altos (which 
must haye cooled under considerable cover, 1,000 feet or more, 
probably) 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 yeins which cut the granodiorite are 
abruptly terminated by the overlying glassy rhyolite. 

But little imagination is required to picture the conditions 
that must have existed at the beginning of this epoch of 
volcanic activity. which closed the Cretaceous period. There 
is evidence that violent explosions preceded the welling out of 
the vast floods of lava; that torrential :rains distributed the 
breccias and tuffs over the uneven surface of the land. Here 
and there lakes were formed, into which fell the dust and the 
coa.rser ejectamenta from the a.ctive 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 of the lava floods in that region. 

Then followed in Tertiary time, the eruption of great sheets 
of rhyolitic 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-Iatite, which in places aggre­
gated 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 accumulations. Between the outbursts of la ya 
there accumulated local deposits of fine sand and tuff, the 
detritus washed from the more eleyated portions of the deposits 
to the basin-like areas which must have been formed in such 
a chaos of molten flowing material. These sediments in places 
attain considerable thickness but are generally thin at the 
edges and disappear, permitting the overlapping of successive 
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 disturbance of equi­
librium that must have been caused by the flooding of this 
broad territory with lava and by the shifting of so large a mass 
of material from beneath the surface at one locality to the sur­
face of the crust at another locality, ficmlting then began and 
has continued, probably with interruptions, up to'the present 
time. This faulting was attended by the intrusion of many 
stocklike masses of latitic material through all the underlying 
strata, masses that cut alike the pre-Cambrian complex and the 
la valii. During this stage of faulting the present higher parts 
of the Silver City Range and Lone Mountain were probably 
outlined, and Bear Mountain was formed by the intrusion of 
the stocklike mass of which it is composed. 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 ;as faulted and intruded. 

The remaining changes that have affected the area are due 
principally to erosion and concomitant deposition and to 
sporadic outbursts of basaltic lavas. 'Videspread deposits of 
Pleistocene gravel accumulated in the already maturely dis­
sected valleys, and on this gravel thin basaltic lava flows were 
spread, to be later covered by still more gravel. 

PHYSIOGRAPHY. 

it has been pointed out that during a long period before the 
subsidence of the -land that was formed of' the pre~Cambrian 
complex of rocks erosion had worn the surface down to a 
smooth ,plain, which had been beveled across beds of hard and 
soft rocks alike. This surface has not only been completely 
bUFied and only partly laid bare again but has been much 
deformed. The tilted edge of the plain is preserved in the 
Silver City Range along the base of the lowest Cambrian 
strata and it dips eastward beneath the mountains, but the 
numerous faults of the range have broken the plain into a 
series of steps that, in their present disconnected form, bear no 
relation to the original low-lying plain of pre-Cambrian time. 

A ,second period of widespread erosion occurred in the 
period between the close of Carboniferous and the beginning 
of Cretaceous time. The entire Paleozoic section was exposed 
by erosion, which at some places cut into the pre-Cambria.n 
plain. This period of erosion was closed by Cretaceous depo­
sition. The nature of the basal Cretaceous sediment!!! and the 
filet that they are deposited on all the Paleozoic formations and 
on the pre-Cambrian complex shows that though at one time, 
after the uplift of the Paleozoic rock, the topography of this 
region may have been diverse, yet a thorough planation after­
ward took- place, thorough enough to obliterate all but some 
remnantal Paleozoic forms. The present topography is there­
fore in no direct way dependent on any pre~Cretaceons 

sculpture. 



The earliest topographic feature that has left a definite 
impression on the present land forms is a plain of erosion 
that was developed after the uplift of the Cretaceous sediments 
and before the outflow of Tertiary lavas. So far as this plain 
is concerned, however, it is apparent that later diastrophism, 
particularly the intense faulting of Tertiary time, as well as 
Quaternary erosion, greatly altered the older surface. The 
effect of the erosion is well shown in the dike~cut Cretaceous 
area that stretches eastward and northward from Silver City. 
The dikes, which are composed of much more resistant material 
than the soft shaly beds which they cut, undoubtedly deter~ 
mined in part the sculpture of the Tertiary erosion surface, and 
it is therefore not unreasonable to suppose that the broad fea­
tures of the present relief "were outlined and fairly well developed 
before they were covered by the ~ood of lava. For instance, 
Pinos Altos Mountain stands well above the plain south of it 
and Hermosa Mountain and the group of' low hills about 
Gomez Peak must be due to differential erosion, for these hills 
are composed of holocrystalline, rather coarsely granular por­
phyries, which could have formed only at considerable depth 
beneath the surface a,nd must therefore have been uncovered 
by erosion before the lavas spread over the surface. The 
granodiorite at Pinos Altos, too, which is overlapped by the 
lava, proves this point conclusively. 

After the lavas were poured out there ensued a period of 
faulting, which, probably continued more or less interruptedly 
down to recent times. The Silver City Range and its southern 
outlier, Lone Mountain, owes its elevated position to this fault­
ing, and the same is true of the Little Burro Mountains. As 
a natural result of this uplift the lavas over broad areas have 
been stripped from the underlying rocks. Keeping in mind 
the acceleration of erosion in eleyated areas, one can readily 
understand how these ranges took their present form. The 
Silver City Range is an asymmetric sedimentary mountain 
mass, broken by faulting and modified by intrusion, resting 
upon an uplifted block of pre-Cambrian granite and schist. 

Its relatively gentler eastward slope, which accords more or 
less perfectly with the dip of the sedimentary beds, contrasts 
sharply with its steeper western scarp, carved a.cross the edges of 
the sedimentary formations. The fact that much of the 'west­
ern part of th; range is a dissected sloping mountain flank cut 
in pre-Cambrian rocks indicates plainly that erosion, though 
not able to keep pace with the eleyation of the mass, ,yas yet 
able to obliterate all traces of a definite fault scarp. 

Bear Mountain, at the north end of the range, an intrusive 
stock of latite porphyry, probably owes its elevated position to 
supelior hardness. 

The lavas form a subhorizontal blanket of igneous rock, 
which probably once covered all of the area. They consist ot 
a number of successive lava flows, with which were laid down 
locally and at several stages accumulations of sand and tuff. 
If this rough table~land of lava be imagined as broken by 
faults and at the same time continuously undergoing actiye 
erosion, then the principal factors which produced its present 
configuration can be understood. Out of this platform the 
Black Peak Range has been carved. Though the fault scarps 
that outline the crest of the range west of Scott Peak are on 
the whole subdued by erosion to steep mountain sides, yet an 
actual break may be seen at one place on the northern fault, 
where a nearly vertical slickensided surface forms a small 
cliff 10 or 15 feet high. In the main, however, but little 
topographic expression of the faults remains. Erosion has 
dissected the area into an irregular range of sharp relief. 
Steep~walled canyons are numerous, and many sharp ridges 
and peaks surmount the higher lands. Four A Mountain is 
an exception, its top suggesting the sliglitly modified remains 
of an old flow. 

There are certain rock benches cut by erosion in these la \Tas 
for which an explanation will be offered in the description of 
the Pleistocene gravel. 

Many observers have commented on the fact that numerous 
mountain ranges in the southwestern part of the United States 
rise abruptly from sandy desert plains, like islands from the 
sea. The streams that flow down their canyoned sides pour 
out debris in a series of great fans whose edges coalesce to form 
sloping plains. The process of aggradation is in full play. 
An inspection of the Pleistocene deposits in most of the Silver 
City area, however, indicates clearly that a decided change has 
taken place along their edges. Though the deserts farther 
south are still areas of active aggradation, or building up, 
much of the corresponding part of this quadrangle is being 
actively eroded.. Yet there is abundant evidence that these 
gravels once formed an unbroken sheet that lapped up on 
the mountains they surround. One who stand~ upon the 
Big Burro Monntains and looks northward over the val~ 

ley of Mangas Ri yer r,an not fail to be impressed, even aston­
ished, at the intricacy of the carving by which the even~topped 
sheet of sand and gravel is cut into innumerable gullies and 
canyons. 

An interesting question immediately arises in connection 
with this intricate carving of these Pleistocene deposits: When 
and why did erosion become so manifestly active? The 
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answer may 'be read in certain prominent physiographic 
features of the neighboring hard rocks. These features may 
be best observed from an elevated viewpoint. One looking 
northwestward from the summit of Four A Mountain may see 
a remarkably fine example of a rock bench, which slopes 
gradually from the foot of the lava range on the northeast to 
the edge of the gravel sheet on the southwest. This bench is 
about 2';- miles wide. It has three important characteristics: 
First, its inner border terminates abruptly against a steep 
mountain flarik; second, it slopes eyenly away from the moun­
tains and is continued in the gravel without break; and third, 
it is sharply incised by canyons that pass into the gravel. 

Across the gravel toward the southwest there is a narrower 
but similar bench, which, when viewed from the top of the 
Little Burro Mountains, appears strikingly accentuated, form~ 
iug the broad slope at the foot of the Big Burro Mountains. 
A more dissected bench may be seen on the west side of the 
Greenwood Range. These benches may be explained by fol­
lowing to its end a cycle of erosion proceeding undel' the 
special conditions imposed, by subaerial filling of inclosed 
basins of ,vide extent in an arid or semiarid climate. l 

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 mountains and 
detritus-filled inclosed valleys, continental warping probably 
being the underlying cause. Next is assumed a climate so arid 
that evaporation would keep pace with the rise of water in 
these basins and thus augment subaerial accumulation. These 
two conditions being assumed, it is apparent that a basin would 
be progressively buried from its center outward, and that this 
process of progressive burial would permit erosion to act with 
greater effect upon each succeeding portion of the basin; that 
is, the last part to be buried would have undergone the greatest 
erosion. If the basin were of great extent it is believed that the 
last part to suffer burial would have become a nearly planated 
surface. 'rhis pnd seems inevitable for the follmving reasons: 
First, the edge of the accumulating gravel sheet-below which 
(vertically) erosion could not extend-determines a local base~ 

level, and, second, the territory above the gravel would con­
stantly tend to become reduced to the leyel of the grayel. 
But this level is slo,,,ly rising, therefore the end product of 
such a cycle would be a sloping, evenly cut rock plain. 2 

There is another feature for which a reasonable explanation 
may not so readily be offered. That is the sudden change 
of gradient where the rock plain abuts against the mountain 
flank-the ovel'steepening, to speak technically, which this 
mountain scarp represen1s. An explanation may perhaps be 
found in the character of the stream channels where they 
leave the canyons of the mountain and flow out upon the 
plain. They build great fans over which, in shifting chan~ 
nels, the stream spreads the debris from the hills. The cross 
section of such a fan is convex upward, and at intervals the 
stream shifts from one place to another. At certain times it 
flows along the mountain side, where it cuts laterally. The 
stream will therefore, like a lathe tool, tend to undercut 
the mountain and may thereby produce tlle oversteepening. 
This process has probably been proceeding since the very early 
stages of basin filling, and if it is considered in connection with 
the t(lndenc), toward planation discussed above it may seem 
sufficient to account for all the relations of the benches. 

A possible origin of the rock benches having thus been 
suggested, thpir dissection may perhaps be explained by 
rejuve'nation of drainage due to warping, sufficient evidence 
for which seems to lie in the Quaternary faulting, which 
may be noted at many places. This warping may have only 
local significance, however, and the faults may be only an 
expre~sion of some ·very broad movement of uplift. 

Certain interesting features may be explained by such a 
rejuvenation of drainage. Between Silver City and Central 
the gravel boundary is an irregular line. The Pleistocene 
gravel rests upon the Colorado shale, intrusive rocks, Tertiary 
gravel, and lava. A transverse east~west shaUow depression 
borders the edge of the gravel sheet and interrupts the other­
wise normal slope from the mountains. This depression, 
which is shown in Plate XI, is no more than a shallow etch­
ing of the floor on which the gravel once rested. The fact that 
the gravel must have covered the area is attested by the out­
liers which extend northward from the main conta.ct. and by 
other physiographic features. After the rejuvenation of drain­
age caused by the uplift on the north, the p-dge of the gravel 
sheet was eroded back to a position of stability in adjustment 
to the new conditions of drainage. Such a pushing back of 
the gra \Tel sheet was accompanied by a dissection of the sheet 
by the rejuvenated streams. Then, it is belieyed, ,the exposed 
floor of the gravel sheet was lowered, the amount of the lower~ 
iug being limited by the level of the streams-that is, it was 
carried dovm to the le\'el where the stream became aggrada­
tional as opposed to degradational in crossing the gravel sheet. 

I Paige, Sidney, Rock·cut surfaces tn the desert ranges: Jour. Geology, 
vol. 20, No.5, pp. 442-450, 1912. 

SLawson, A. C., The epigene profiles of the desert: California Univ. 
Pub., vol. 9, No.3, pp. 23-48, 1915. 

It might be asked why. was not the gravel edge likewise 
lowered on the interstream areas. Possibly because the gravel 
sheet, when pushed back to this position of stability on the 
interstream areas becomes more resistant than the hard rocks 
upon which it rests. The theoretical considerations that lead 
to this belief have been well presented elsewhere. s 

It may therefore be concluded that the plainlike area that 
stretches eastward from Silver City is another expression of 
the same process to which are imputed the rock benches 
described above; indeed, it is an especially illuminating 
example, for the surface truncates hard and soft rocks alike. 
The lowland is but a later etching of this plain. 

Another feature connected with the rejuvenation of drainage, 
well displayed on the western sides of the Greenwood Range 
and the Little Burro Mountains, is the abnormal boundary 
between the gravel and the hard rock and the canyon cutting 
with which that boundary is associated. The canyons here are 
steep walled, are cut in rock, and pass abl'Uptly into the gravel 
sheet at the edge of the mountains, the boundary of the gravel 
being an abnormally straight line. The natural explanation 
of this condition is that the mountain masses ha \'e been 
uplift.ed along faults. The boundaries, instead of passing in a 
cl'Ooked line from the ridge tops forward and downward into 
the stream channels and back and upward again to the ridge 
tops, are eesentially straight, unaffected by the considerable 
relief of the country over which they pass. They run without 
altering their courses down into the streams and up to the tops 
of the high ridge on the opposite sides. Between the streams 
they pass along the side of a steep SCtUp. Though no definite 
fault planes can be seen, there is little or no doubt that faults 
exist along both mountain flanks. 

Any attempt to explain this relation of the gravel by some 
hypothesis other than faulting encounters serious difficulties. 
There are two other ways in which gravel might reach such a 
position: First, it might be supposed' to haye been deposited 
against an old cliff line by a stream flowing lengthwise of 
the scarp, in the direction now followed by Mangas River, or, 
second, the cliff line may represent the end of a lava flow. 
The first hypothesis is untenable on the grounds that such a 
cliff, in association with the marked rock bench which surmounts 
it, could not have been eroded since the outpouring of' the 
lavas by a stream whose headwaters, 10 miles to the SQuth, 
must haye been near or on the Continental Divide; nor could 
such a stream ha\'e deposited the gravels which now surmount 
the Continental Divide. Moreover, such a cliff, if it were cut 
by a stream flowing past it, would be broken by side canyons 
approaching the main stream at an angle. The canyons which 
exist approach it at right angles, Greenwood Canyon, indeed, 
being slightly reversed. The second hypothesis is untenable 
because the lavas may be seen on the opposite side of the val~ 
ley; the flow does not terminate along the cliff. 

Further support to the view that this feature is due to a 
concealed fault is seen in the gravel contact on the eastern side 
of the Greenwood Range. The L S Mesa shows clearly how 
the slope of the gravel merges into the nearly flat surface of the 
Ill. ya, and toward Hells Half Acre a decided tilt to the eastward 
(a tilt too great for normal deposition) is a noticeable feature of 
the gravels. 

Most of the sharp canyons that dissect the more or less well­
defined benches described are therefore probably due largely 
to recent faults which are concealed by overwash of grave1. 

Still later changes occurred in the topography of the rep;ion, 
which may best be studied in the stream valleys cut in the 
Pleistocene gra ve1. It is e\Tident that at some yery recent date 
the vaUeys of many of these streams were deepe.r tha.n they are 
now, for they are floored with a later deposit of sediment, finer 
than that in which the main valley is cut. Quite as noticeable 
as this feature is the eyidence of present cutting in this later 
sediment, to be observed on every hand in the fresh trenches 
which are working rapidly up the valleys.s Figure 4 (p. 3) 
is an ideal cross section showing· the late fill and present-day 
trenching, and Plate XIII shows a very recent trench in a 
tributary of Mangas' Valley. 

One more important fact should be noted. The side streams 
which show these recent trenches show also that the sediment 
now being transported down these valleys is coarser than that 
which composes the valley fill-is, in fact, as coarse as the mate~ 
rial in which the original older valley was cut. 

Why haye the yalleys been filled with fine sediments and 
why are the present trenches being cut? By examining the 
changes going on at the present day an answer may be found 
to these questions. After any violent rainstorm one may 
obserye two processes in active operation. First, the sediments 
in the upper parts of the valleys are being eroded and carried 
away; and second, the same sediments are being deposited in 
the lower parts of the valleys. The Mangas Valley and its 
tributaries show the process to perfection. At the mouths of 
all the side streams delta-like fans are being deposited, and a 
most casual inspection of one of these fans will show that its 
upper part is composed of coarser material than its lower part. 

SRieh, J. L., Gravel as a resistant rock: Jour. Geology, yolo 19, No.6, 
pp. 492-506, 1911. 



If these simple facts are applied to the interpretation of the 
history of the recent filling of the valleys, the inference is that 
after the first dissection of the great p1.8ins--and there may 
have been several-there ensued. a period during which ero­
sion could not have been so active, for at localities where 
coarse gravel was at one time being moved, fine sediment was 
later deposited. 

ECONOMIC GEOLOGY. 
ORES MINED. 

ORIGIN OF THE ORE3. 

In this region, as in many other 'regions that have been 
repeatedly subjected to the effects of igneous activity, deposits 
of many valuable minerals have been formed. Gold, silver, 
lead, copper, iron, and zinc have all been mined in the region 
and much valuable turquoise has been produced. Prospecting 
for meerschaum has been carried on for a number of years with 
varying success. Only the salient facts concerning the geologic 
relations of these deposits will be presented, and deposits of 
several types can receive only superficial attention, as they were 
not under exploitation at the time of the writer's visit. 

Before the ore bodies are described the dates of their forma­
tion in geologic time will be stated, as well as their connection 
with the geologic history of the region. In the following table 
the geologic events that have a bearing on ore formation are 
chronologically arranged and correlated with the several ore 
deposits which they have influenced. 
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the Colorado ,hale and part. of the igneou. complex again.t it. 
On the north, south, and east it is bounded by intrusive igne­
ous rocks of the andesite-diorite group, portions of which are 
intruded into it. A normal fault passes northeastward across 
the center of the area, the western block being down thrown, so 
a block of sedimentary rocks that is broken and limited in 
part by faults lies in the midst of intrusive rocks. 

An excel1ent opportunity to examine the ore bodies of the 
replacement type was afl'orded in a development tunnel on 
the Cleveland group of claims, and on claims adjoining on 
the west. The ore is an intimate intergrowth of sphalerite, 
chalcopyrite, pyrite, quartz, and ferriferous carbonate, though 
the proportions of these constituents may differ considerably 
from place to place. The sphalerite is well crystallized and in 
places is arranged in roughly linear fashion, in chains of 
tetrahedrons, giving the appearance of banding. If broken 
transverse to this banding the mass appears to be an irregular 
mixture of its component minerals. An examination of the 
sphalerite with a hand lens shows that intergrown with it are 
finely crystallized iron and copper sulphides. 

An examination of the tunnel and drifts suggests that the 
ore has replaced definite beds of the limestone in a fRirly 
regular manner. It appears that there are two distinct ore 
layers, separated by 4 to 15 feet of limestone. The lower layer 
i. about 12 feet thick; the upper layer i. at I_t 25 feet thick. 
The laye" are cut by basic dik" and are di.phwed by fault •. 

On the surface there are extensive gos88ns composed of a 
mixture of limonite, smithsonite, azuri~, and earthy material 

Relation of geologic etlenta to ore fO'l"1nation ~n chronokgio order. 
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Several interesting generalizations may be deduced from a 
review of the data. 

(1) Except a few doubtful depo.its, which are not impurtant 
in this district, all the ore bodies are of post-Cretaceous a~ and 
appear to be divisible into two groups, probably of early Terti­
ary and post-Tertiary age. In each group several more or less 
clearly defined distinctions are possible. 

i (2) The formation of all the ore deposits was connected with 
iK':leous intrusions, either immediately with the intrusive rock or 
with solutions that probably represented products of its crystal­
lization. All the intrusives with which the deposits are genet­
ically connected, except one, are of the granodiorit&monzonite 
group, either in a form that cooled at considerable depth or in the 
.form of fine-grained porphyries that cooled nearer the surface. 
The connection between mineralization and potassic igneous 
rocks has been recognized throughout an extensive province in 
the southwestern United States. The replacement deposit at 
the Cleveland group of claims, near Pinos Altos, apparently 
formed at the time of the intrusion of diorite and diorite por­
pbyry, is the exception, but even this rock is closely related to 
the granodiorite. Fracturing on a greater or lesser scale in all 
rocks other than limestones, which are notably porous, w~ a 
necessary forerunner of ore deposition. 

(3) Enrichment served to increase the value of many of the 
ore bodies that now sustain the production of the region and 
was perhaps of prime importance in adding value to the richer 
deposits already mined. Certainly it was e:fl'ective in Emrich­
ing some of them. Conditions favorable to enrichment pre­
vailed throughout the period of post-CretaceoUB peneplanation 
and during that of Quaternary ~osion. 

CHARAOTER AND EXPLOITATION OF THE ORES. 

REPLACEMENT DEPOSITS IN LIMESTONE. 

DBPOSITS NBAR PIlIOS ALTOS.l 

Geologic relationa.-The Fierro limestone forms a part of 
the west Hank of the Pinos Altos' Mountains. The area of 
limestone is a rectangular mass about 1. miles long, from 
north to south, and leas than a mile wide. The strata dip 
eastward and are unconformably overlain' by the Beartooth 
quartzite. A few feet of limy .hale overlie the quartzite. The 
limestone is cut off on. the west by a normal fault, w~ich drops 

1 Paige. Sidney, The ore depOSits of Pino, Altos, N. Mex.: U. S. Gaol. 
Btlrvey Ball 470, pp. 101l-:1I!G, 1910. 

with a dark-brown material containing manganese, copper, and 
iron. Some of the smithsonite may be considered ore. A 
number of these gossans crop out at an altitude greater than 
that of the sulphide bodies developed underground and may 
represent tb.E/ protruding edges of higher replaced ore-bearing 
bed •. 

Other deposits that have many of the characteristics just 
described lie west of the Cleveland group, where the replace­
ment of the limestone appears to be more irregular and per­
haps has no definite relation to the bedding planes. Galena 
is an important part of the ore mixture, which is reported to 
contain more silver. 

Origin oj the ore.-The ore forms beds or irregular masses 
in the limestone and is probably related genetically to the 
basic rocks that have intruded the limestone. The question 
might be l'aiSed whether the small dikes or the large intrusive 
mass caused the mineralization, for the little evidence available 
is conHicting. As against the introduction of ore by the 
smaller dikes it may be said that the dikes in the Cleveland 
tunnel cut the ore bodies. On the other hand, near the face 
of the Cleveland tunnel a small patch of ore Jies directly 
against a dike, suggest.ktg its local origin, but the patch was 
not completely exposed and the ore material may have entered 
from the roof. The fact that some of the dikes cut the lime­
stone with no apparent contact effect on it might be considered 
an argument against the idea that they are genetically con­
nected with the ore. Therefore, though it is admitted that the 
intrusion of the main mass and that of the smaller dikes were 
probably very close in point of time, it is believed that the 
major effects of mineralization were produced by the larger 
body. It is therefore a fair assumption that more ore will be 
found as the main igneoUB mass on the east is approached, and 
also that other ore layers or bodies may be encountered below 
as well as above the exposed layers. ' 

<lKLORIDB 8ljLVBB ORBS AT CHLORmE Fr.J.'!', lI'LBMING CAKP, GEOBGB­
TOWN, AND LONE MOUMTAIN. 

Rich ores of silver have been mined at Chloride Flat, 
Georgetown, Fleming Camp, and Lone Mountain. At Chlo­
ride Flat the ores are still being exploited on a small scale. 
Notes of L. C. Graton II have been drawn upon to fill out 
details in the following account. 

I Lindgren, Waldemar, Gra.ton, L. C., and Gordon, C. H., Tbe ore depos­
its of New Me.xloo: U. S. Geol. Survey Prof. Paper 68, 1910. 

General geologic relationB.-The geologic relations of the 
ores at Georgetown, Chloride Flat, and Lone Mountain are 
very similar. The ores occur in limestone near or at the base 
of either the Percha shale or the Beartooth quartzite (as at 
Fleming Camp). At Georgetown and Chloride Flat the rela­
tions are similar, the ores occupying irregular open cavities, 
seams, and cracks in the limestone immediately below the 
shale and associated with igneous dikes. At Lone Mountain, 
however, the ore is chieHy in fractures in the limestone. 

At Fleming Camp, although the ore is also near the under­
lying Fusselman limestone, it is said to have OCCUlTed largely 
in pockety cavities in the Beartooth quartzite, which here 
unconformably overlies the limestone, the Percha shale having. 
been removed by pre-Cretaceous erosion. 

Georgetown.-At Georgetown a scarp is cut in the Paleozoic 
rocks, exposing westward-dipping Carboniferous, Devonian, 
Silurian, and Ordoviciau strata cut by dikes. Transverse faults 
cut the scarp, and on the east a strong fault trending north­
westward cuts off the strata by lowering Pleistocene gravel 
against them. 

The ore lies at the baae of the Percha ahale, in the top of 
the Fusselman limestone. The ore was mostly cerargyrite, but 
included some native silver and argentite. Bromyrite and 
pyrargyrite are also reported. Certain pockets are said to 
have contained cerusite with silver, and some vanadinite is 
said to have been found. The limestone is in general much 
silicified, contains numerous vuga and open cavities, and shows 
plainly the effect of circulating solutions. Many large cavities 
are lined with calcite crystals and some large caves contain 
.tahwtitea and .talagmite. of calcite. Small .tringera of quartz 
are common, and in places a network of narrow seams gives 
the rock an appearance resembling honeycomb. The ore cav­
ities are pockety, and the stopes are of all shapes and run in 
all directions. The bunches of ore were in some places con­
nected by narrow leaders of low-grade ore. 

The workings of the district are above ground water, and the 
greater part of the ore has been oxidized. The original ore was 
doubtless, in part at least, an argentiferous galena, but most of 
the silver was probably deposited as some rich silver mineral, 
such as argentite, for lead was not a noticeable constituent of 
the ore. The silicification of the limestone and the deposition 
of the ores are believed to have been due to solutions that were 
genetically connected with and accompanied the porphyry dikes. 

There is some doubt as to the age of these dikes and therefore 
as to the age of the ore bodies. As has been pointed out in the 
discussion of the igneous rocb of the region, the eruption of 
latite porphyries that are very similar in mineral composition 
to the granodiorite-monzonite group followed the outbursts of 
Tertiary lava and are therefore considerably later than the more 
coarsely crystalline monzonite type!" and it is not certain which 
of these rocks may be represented at Georgetown. There is 
good reason to believe that the dikes which cut the shale near 
Chloride Flat are of later postvolcanic intrusion, but one can 
not be certain of this at Georgetown. 

OhlQride Flal.-Chloride Flat Ii .. about It mil .. nearly weat 
of Silver City. The flat vaHey is a result of the erosion of the 
soft Percha shale which lies between the Fusselman limestone 
on the west and the Fierro limestone on the east. The strata 
dip about 25° NE. and form the range on the north.. They 
are cut by dik .. and .illa of purphyry. 

The ore-bearing horizon, as at Georgetown, is in the upper­
most part of the Fusselman limestone, immediately beneath the 
Percha shale. Where ore.oocurs the limestone was much altered 
and such of the calcium carbonate as was not converted to crys­
tals of calcite is now replaced by quartz, galena, argentite (?), and 
various oxidized comyounds of lead and silver, as well as abun­
dant hematite and pyrolusite and some magnetite and limonite. 

The silver wa~ produced. mainly from silver chlolide, from 
which the district derived its namej also by native silver and 
from a mineral which, as described, appears to have been argen­
tite. Lead was not an important constituent of the ores. 

The ore bodies are extremely irregular. Many of them lay 
directly below the shale that formed the roof, but narrow 
.hoots or .treaka led oft' to bodiea at ,lightly lower depth. As 
at Georgetown, the ore bodies may be attributed to the inHuence 
of dikee, and the localization of the depo.itsju.t below the .hale 
may be due to the effect which that comparatively impervious 
rock had in arresting the upward passage of solutions, thereby 
favoring precipitation at the top of the limestone. 

The rock of one of the dikes that cut the Percba shale several 
mile. north of Chloride Flat i. a fine-gnsined latite porphyry, 
and the dike is believed to be an offshoot from one of the latitic 
stocklike masses of postvolcanic age which cut the great Hows 
north and west of Bear Mountain. 

Fkmi1lfJ Oamp.-About 6 mil .. northweet of Silver City, at 
a camp called Fleming, silver mining was carned on until 1893. 
Some work was done on the slopes of Bear Mountain j also on 
Treasure Mountain, a ridge of northwest 1 trend about 2., miles 
southwest of Bear Mountain, at the south end of which was the 
Old Man mine. At this point the Beartooth quartzite overlies 
the Fusselman limestone. Treasure Mountain is an isolated 
and much fracturad fault block. 



The ore is reported to have occurred in many irregular 
pockety bodies in the quartzite. It is said to have been mostly 
silver chloride which was accompanied by some native silver 
and some argentite. The quartzite near the old stopes contains, 
in places, finely disseminated pyrite and is traversed by num­
erous drusy veinlets of quartz. 

Lone Mountain.-Lone Mountain comprises an isolated group 
of hilla about 6 miles southeast of Silver City. Rich silver ore 
was discoyered about 1871 and successful operations were carried 
on for about 3 years. . 

The principal deposits were on the southwest side of the 
mountain. The main ore-bearing rock is the Fusselman lime­
stone, which lies below the Percha shale, but the ore instead of 
being found immediately below the shale, as at Chloride Flat 
and Georgetown, occurred chiefly in fractures that crossed the 
limestone. Some brecciation has taken place along these frac­
tures, and the limestone has been somewhat silicified. Limon­
ite is plentiful and evidently resulted from oxidation of pyrite. 
Gypsum occurs sparingly. Silver chloride was the most com­
mon ore mineral, but the richest ores contained curved bundles 
of native silver wires and also argentite. The veins are narrow 
and the values were not persistent. It is reported th.at most of 
the ore mined was very rich, though some concentrating are 
was extracted. 

Ore deposition at Lone Mountain was probably related both 
in' time and origin to the porphyry intrusion. The absence 
of much lead and the richness of the narrow veins, together 
with the reported presence of argentite, makes it seem possible 
that the argentite may have been the principal silver carrier in 
the unoxidized are. 

CONTACT-METAM-ORPmC DEPOSITS. 

MAGNETITE AlIfD HElII.A.TITE NEAR HAliOVER AND B'IERRO. 1 

Geologia relations.-The geologic structure in the Hanover­
Fierro baBin is simple. Here a mass of ·granodiorite porphyry 
and allied rocks has intruded a sedimentary series, in large 
part limestone of Carboniferous age. On the western border 
of the mass a thin strip of Devonian shale crops out. 2 The 
intrusive mass occupies the axis of an anticline trending north 
and south. On the south a sharp fault takes the place of the 
fold and on the north a strong fault, trending northeastward, 
drops Cretaceous strata against the limestone. 

Metamoryhis1n.-'l'he intrusion of the porphyry mass into 
the overlying sediments was accompanied or closely followed 
by intense local metamorphism of the country rock and by 
l~ss though marked local alteration of the intrusive body 
itself. The metamorphism was distinctly a contact phenome­
non and was confined strictly to the border zone or such 
localities as are probably near igneous rocks. 

The na,ture of the metamorphism in different parts of the 
area is not the same. The southern part is especially charac­
terized by a definite border zone, of irregular width, occupied 
by a typical contact rock, consisting in large part of epidote, 
garnet, and pyroxene (hedenbergite), with quartz, calcite, 
pyrite, magnetite, and sphalerite. On the outer edge of the 
contact zone on the west side the change from limestone to 
hedenbergite accompanied by garnet is markedly abrupt. 
(See PI. X.) 'rhe hedenbergite occurs in radiating crystalline 
aggregates in which there are masses of garnet. Near the con­
tact with the igneous rock at one place the limestone is replaced 
by a mass of epidote, quartz, and some titanite. The condi­
tion thus described is characteristic of that part of the area 
which has been mapped as contact rock, though pyroxene is 
more abundant on the western border. In places there are 
zones of garnet, which occurs in abundant large, beautifully 
crystalline masses of' the pnre mineral, the crystals being gen­
erally in rhombic dodecahedrons. 

Toward the north silicification is more pronounced, and 
epidote-garnet zones are rare and only slightly developed. 
The beds nearest the contact, however, are metamorphosed 
like those in the southern part of the area, for under the 
microscope sedimentary beds of extremely fine texture show 
aggregates of epidote and garnet, with abundant apatite in 
places, and on the north some beds that probably were origi­
nally shale are now composed of extremely fine grains of quartz, 
feldspar, and abundant pyrite, and are of the nature of horn­
fels. On the eastern border, near the center of the area, 
there is a distinct banding of the metamorphic minerals, which 
follows the stratificatio'n of the sediments. Here are found 
magnetite, quartz, and abundant apatite, and the quartz con­
tains numerous needles of rutile. Metamorphism is not con­
fined to the sedimentary rocks. The porphyry has undergone 
changes of the same nature 88 those that have affected the 
limestone, though to a less degree. A peculiar alteration of 
marked intensity has taken place in the small intrusive mass 
that crosses the railroad about half a mile south of Hanover, 
where the feldspars of the porphyry, which were probably 
originally similar to the main mass between Hanover and 

1 Paige, Sidney, The Hanover Iron-ore deposits, New Mexico: U. S. 
Geol. Survey Bull. 880, pp, 199--214, 1009. 

• More reeent detailed work by A. O. spenoer hal diBe1osed. the presence 
of Devonian and earlier beds on the eastern border also. 

8llver(JIt)'. 
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Fierro, have been completAly replaced by an aggregate of 
scapolite, zoisite, epidote, and garnet. The form of the pheno­
crysts is still perfectly apparent. The formation of this lime­
sodium silicate close to the limestone contact suggests the influ­
ence of wall rock on the magma, though possibly the only 
material derived from the magma was chlorine. 

Epidote and garnet are contact minerals in the granodiorite, 
but the gr~test change seems to be the acquisition of abun­
dant magnetiie, probably replacing hornblende, as this minerel 
is almost entirely lacking where magnetite is plentiful. There 
is some evidence also that in places the magma shows a finer 
crystallization near the borders. In some other areas the 
intrusive rock undergoes changes quite as pronounced 88 those 
of the rock intruded. In the Velardeila district of Mexico S 

metamorphism is· believed to have followed intrusion and to 
have been produced by ascending hot solutions that traversed 
fractures in the solidified magma .. 1n the Hanover district 
evidence as to the conditions that existed is not at hand, but 
the sediments doubtless afforded an easy avenue of escape for 
circulating solutions, and the solutions, concentrated along the 
contact, were probably more efficient in altering the limestone 
than in replacing the igneous rock. 

The ore8.-The Qres are in the main arranged about the 
periphery of the intrusive stock, at or near its contact with the 
sedimentary beds. Except at two localities, one in the north­
western part and the other in the northeastern part of the area, 
the ore bodies lie next to the contact. They are generally 
irregular lenticular masses bf magnetite, accompanied by hem­
atite. Where these masses are exposed at the northern and 
southern pits of the Union mine their length is very great as 
compared with their width and depth. At the Jim Fair mine 
a shorter, comparatively thicker lens is exposed. Besides these 
large bodies there are numerous outcrops that indicate the 
same mode of occurrence-that is, in lentils of various width 
and thickness, swelling and pinching and probably presenting 
similar irregularities in depth. 

Ore that is termed by the miners "soft are" occurs along the 
contact. It is characterized by magnetite disseminated as finely 
and coarsely crystalline material through the limestone, and its 
commercial value depends on local concentration. 

The hard ores have been worked on a large scale at the two 
pits of the Union mine and at the Jim Fair mine. This mine 
has in recent years been considerahly extended southward. 
'fhe principal work on the soft ores has been done immediately 
south of the southel'll Union pit. 

The principal ore of this contact deposit is magnetite, though 
at the Jim Fair mine considerable hematite has been extracted. 
Chalcopyrite and sphalerite are associated with the magnetite, 
but the relative quantities of the three minerals are not known 
Limestone and contact rock form the most abundant gangue 
material. In the hard ores the magnetite is generally massive 
and granular, hut the magnetite of the soft ores in many 
places shows a fine development of the rhombic dodecahedron. 

Origin of the ore.-Primarily the ores must be among the 
"effects" of the porphyry intrusion. Leith and Harder 4 

have shown that at some localities contact metamorphism pre­
cedes the deposition of magnetite. 

Most of the are bodies are irregular lenses occurring at or 
near the contact. Barrell and others have pointed out the 
possibility of shrinkage in sedimentary strata due to metamor­
phism. Leith and Harder 5 estimate that a horizontal radial 
shortening of 200 to 500 feet, depending on the depth of the 
laccolith, was possible as a result of cooling in the Iron Moun­
tain mass. This mass is of the Rame order of magnitude as 
the one at Hanover. It might therefore be argued that lenses, 
large and small, represent the filling of such shrinkage spaces, 
and- that the magnetite is distinctly an "after e:ffect." 

Certain other relations may be significant. For example, 
where metamorphism is not especially pronounced in the lime­
stol\es-that is, where zones of garnet, epidote, and pyroxene 
are lacking-soft ores of magnetite have formed. Because of 
its wide dissemination and its perfect crystallization, the pres-­
ence of magnetite suggests the introduction of highly mobile 
solutions of iron. precipitated by reduced pressure and tem­
perature. On the other hand, where contact rock occurs 
soft ores are lacking and hard ores are found next to the 
intrusive rock. The inference might be that they were unable 
to impregnate the limestone at such places because of the com­
pactness of the walls and that they a.re later than metamorphism. 

Leaving aside the oonsideration of the precise time relation 
of the formation of the magnetite to the contact metamor­
phism, we may suppose that the following condition existed. 
On coming to place, the heated magma impregnated certain 
strata of the surrounding rocks with solutions that were prob­
ably above the critical temperature of water. Adjustments 
due to the cooling of the porphyry, to changes of volume in 
the intruded sediments, and to g:ravity served to make the con­
tact zone a favorable place for the passage of superheated gases. 

I Spurr, J. E .• and Garrey, G. H., Ore deposits of the Velardefi.a. dis· 
trict. Mexloo: Eoon. Geology, vol. 8. p. 698, 1908. 

'Leith, C. K" and Harder, E. C., Iron ores of the Iron Springs distrlet, 
sonthern Utah: U. S. Geol, Survey Bull. 888, pp. 215-9'7, 1908. 

'Idem, p. 20. 

Magnetite, which several investigators have shown might be 
precipitated from iron silicates by reactions with lime,S col­
lected, replacing limestone, filling openings, and replacing in 
part the porphyry. 

SULPHIDE AND OARBONATB ZUi(J ORBS AT HANOVER. 

The deposita of primary zinc ore are in limestone close to 
the quartz monzonite or granodiorite porphyry contact. They 
are essentially contact deposits. Graton says: 1 

Bodies of almost solid sphalerite containing & very little pyrite and 
galena and 88s00iated with a bronzy mineral in radiating blades­
probably the lime-iron pyroxene, hedenbergite-repla.oes white, 
cOlH'Sely crystalline limestone. A considerable amount of ore is said 
to have been shipped from these bodies along the con11l.ct j parl of 
the ore was oxidized to the carbonate, and less commonly to the 
silicate, calamine, but most of that is DOW exhausted. 

In 1910 carbonate zinc ores were being mined in the Car­
boniferous limestone near the porphyry contact close to the 
town of Hanover. 

The ore fills or partly fills open cavities and cracks of all 
sizes, from minute veinlets to large fissures. The cavities are 
ovoid or pipelike, or form irregular tortuous passages through­
out the limestone. 

The are fills kettle-shaped open cavities and is deposited in 
lamina! between which lie fine films of impurities. On the upper 
part of some of the cavities there is a coating of secondary cal­
cite crystals. At some places the manner in which succE'BSive 
layers of smithsonite have grown outward from the walls of 
cracks points to open fissure filling j at other placealarge cham­
bers have been entirely filled. The principal are mined is 
smithsonite, which occurs in botryoidal incrustations built up 
in layers and more or less mixed with impurities and is there­
fore of various colors. 

These oxidized zinc ores were without doubt derived from 
primary deposits of sphalerite, which were formed at the con­
tact of the porphyry intrusion. Surface waters that attacked 
tlle sulphide carried the zinc as sulphate and redeposited it as 
carbonate. 
I!!!TOCKWORKS OF ENRICHED CUPltIFEROUS PYBITE IN QUAlCTZ 

MONZONITE AND GRANODIORITE PORPHYRY. 

DEPOSITS IN THE BIlRRO HOUNTAIN8. 8 

Relations and exploitation.-Important deposits of dissemi­
nated copper ores are found near the Big Burro Mountains. 
The ores are associated with an intrusi v, mass of quartz mon­
zonite or quartz monzonite porphyry, which breaks through 
the pre-Cambrian complex on the northeastern flanks of the 
mountains. 

Four companies were developing the field in 1910-the 
Burro Mountain Copper Co., the Chemung Copper Co., the 
Savannah Copper Co., and the Mangas Development Co. 

Origin of the ores.-As these deposits ha,ve been described 
before,9 only their geologic relations will be considered here. 
The geologic processes involved in the formation of these cha.l­
cocite ore bodies, broadly stated, are three-(1) The intrusion 
of a mass of quartz monzonite porphyry into pre-Cambrian 
granitic rocks j (2) the intense fracturing of parts of the mass 
and the adjacent granite and the subsequent introduction of 
pyrite and chalcopyrite, the chalcopyrite probably VfJI")' finely 
disseminated and intergrown with the pyrite j and (3) the 
enrichment of the deposits by downward-percolating surface 
waters. To these processes might be added a fourth-the sub­
sequent leaching of parts of the deposits. 

The intruded mas8.-The quartz monzonite porphyry forms 
a mass of rudely circular outline about 5 miles long and 4 
miles wide, its larger diameter extending northeastward from a 
point near the crest of the Big Burro Mountains to a point near 
the mining camp of Tyro,ne, where Pleistocene gravel hides 
its eastward extension. Intense fracturing, silicification, and 
oxidation of the rocks, together with. o:ffshooting monzonite 
porphyry dikes, made ,it impracticable to establish exactly the 
boundary near Tyrone on a map of the scale here used. More 
detailed work, done since the map was printed, has shown that 
the boundary runs more nearly eastward from a point just· 
north of Leopold. Fracturing and mineralization affected ~e 
neighboring granite, and commer~ are is found .north of the 
contact. 

Fraaturing.-The second important condition affecting the 
position of the are deposits is the intensity and the distribution 
of the fracturing of the quartz ~onzonite and the granite. 
Where the rock if! solid and unaltered it contains no ore, but 
'where it is intensely fractured it contains are. The fractured 
part of the quartz monzonite is fairly well defined and shows 
a distinctly traceable gradation from a zone of close fracturing 
to areas of essential solidity. The area of fractured rock has 
the form .of a triangle pointing southwestward, its' point lying 
about 1t miles southwest of Leopold and its base being formed 

'Clarke, F. W., The data of geoehemistry. Bd ed.: U. S. Gl'ol. Survey 
Bull. 616,p. 845,1916. 

f U. S, Geol. Survey Prof. Paper 68, pp. 818-814, 1910. 
8 A detailed deserlption ot the~e depOSits is now in preparation hy the 

writer, for pubUeation by the United States Heo10g1cal Survey. 
• Paig4l, Sidney, Met$lliferous ore depOsits near the Burro Mountains, 

Grant County, N. Mo:.: U. S. Geol. Survey Bull. 4'10, 1911. 



by a line passing from Tyrone to Oak Grove. The zone of 
greatest fracture lies between Leopold and Tyrone and forms 
roughly the northwest side of the triangle. Data now at hand 
indicate that mineralization is not so extensive northwest of this 
zone. Southeastward from this zone the fracturing fades away 
over an area having the form of a half-opened fan, one side of 
·which lies along the zone of greatest fracture, the handle of the 
fan lying southwest of Leopold, and the fan so opening that 
the northeast edge of it swings through an arc across the base 
or northeast side of the triangle. On the southern edge of this 
imaginary triangle the fractured rock merges imperceptibly into 
essentially solid quartz monzonite. 

A study of the mines shows clearly that the depth to which 
oxidation has penetrated the rocks increases northeastward 
from Leopold to Tyrone and that toward the south the dip 
and strike of the fractures shift. In the region about Tyrone 
the strongest fractures observed in the mines strike northeast­
ward and dip at different angles to the south. There are, it 
is true, innumerable fractures that do not follow this rule, 
notably vertical ones, which cut the south",'ard-dipping system, 
but most of the fractures trend northeastward, and their planes 
have a southerly dip. On the other hand, the dominant frac­
tures on the southern border of the fractured zone strike ea,st­
ward and dip north ward, though in this area there are other 
fractures of different trend. 

Mineralization.-The present state of mineralization of the 
ore bodies may be attributed to three processes-primary min­
eralization, enrichment, and leaching. 

Primary mineralization consisted in the deposition of cuprif­
erous iron pyrite (probably finely intergrown chalcopyrite and 
pyrite) and in places quartz. The pyrite was formed after 
the quartz monzonite had been fractured. The solutions that 
carried the sulphides not only deposited their burden in the 
innumerable fractures but soaked into the body of the rock. 
Deposition was greatest along the lines of easiest passage-the 
well-defined fissures. At the close of the period of deposition 
of the primary ore the mass of the rock consisted of a network 
of veins and veinlets of cupriferous iron pyrite and quartz and 
a little chalcopyrite. The feldspar of the rock was altered to 
sericite and the ferro magnesian minerals were chloritized. 

The ore bodies 'vere formed from this stockwork of pyrite 
veins by enrichment. An opportunity for such enrichment 
was probably afforded during the post-Cretaceous preyolcanic 
stage of erosion and again during the Pleiswcene and Recent 
cycle of erosion, in which were laid down those ·widespread 
deposits of gravel. and sand that now fill the Mangas Valley 
and the country to the east and south. It ,vas perhaps during 
this later cycle that effective leaching or impoverishment of 
preexistent chalcocite ore bodies took place. 

FIGURE 11.-Sketch of microscopic slide of rock showing chalcocttization 
of pyrite. 

Th!n sectlon of specimen from mine of Chemung Copper CC>. 

The processes of enrichment are wen known and consist of 
the oxidation of the unaltered pyrite near the surface by sur­
ficial waters and of the deposition of chalcocite at lower levels 
by downward-percolating water, which carried mainly copper 
in a sulphate solution. 

FIGURE l2.-Sketch of microscopic slide of rock showing kaolin W;ith 
pyrite. 

Thin section o~ specimen from mine of Chemung Copper 00. 

A microscopic examination of a number of thin sections cut 
from sulphide-bearing rocks in the mine of the Chemung Cop­
per Co. shows rather plainly certain stages in the formation of 
the chalcocite. The r,elations of ehalcocite to pyrite and to the 
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groundmass ofsericitized feldspar and quartz, mainly secondary, 
is shown in figures 11 w 14. Apatite is abundant in places and 
and kaolin is a prominent alteration product. 

Some specimens of the rock c'ontain grains of unaltered pyrite, 
near which are grains of chalcocite, some without traces of the 
original pyrite and some showing partial replacement. 

FIGURE l3.-Sketch of mioroseopie slide of rock ,,!howing the replacement 
of ,pyrite by chalcocite. 

Thin section of specimen from mine of Ohemung' Copper Co. 

It is a characteristic feature of this district that much of the 
ore-bearing rock that lies near the surface has been thoroughly 
It-ached of its copper-that is, an the copper has gone down­
ward and only a siliceous, ferruginous stockwork remains near 
the surface. In places this leaching has been carried to great 
depths-700 feet or more. This process of leaching, though a 
step in the formation of a secondary chalcocite ore body, is 
unfortunately also capable of impoverishing an ore body and 

5eric<tized feldspar 

FIGURE 14.-Sketch of illlcroscoplO slIde of rock showing the replaeement 
of pyrite by chalcocite. 

Thiu BeL-tlon or specimen trom mine of Chemung Copper Co. 

has in fact impoverished bodies of ore at a number of places 
in the territory examined. Portions of strong veins of chalco­
cite are leached, nothing remaining (If the original mineraliza­
tion except a network of veins of limonite. The disseminated 
stockworks also are in places so impoverished as' to preclude 
their extr~tion at the present price of copper. This late leach­
ing is well shown at some places where fractures cut across 
eastward-dipping veins. (See fig. 15.) 

FIGURE 15.-Sketch section in mine of Chemung Copper Co., showing 
leaching of eastward.dipping chalcocite veins at intersection of vertical 
leached veins carrying iron oxide. 

The thickness of the blanket of barren ground overlying the 
ore bodies. is extremely irregular. In the country southeast of 
Leopold it ~anges from a few feet to 500 feet. . There is reason 
to believe that the topography of the surface near Leopold 
affects thy upper limit of the are there. For example, an are 
body at a certain le~el will pass horizontally into leached 
ground as it approaches a gulch on the surface j that is, the 
leaching is deeper directly beneath stream channels. Near 
strong veins and faults, too, leaching attains greater depth than 
in the adjacent ground. 

The thickness of the cha1cocite zone also is irregnlar. At 
some places southeast of Leopold unaltered sulphides are 
struck at a depth of 380 feet, above which lies 186 feet of 
enriched ground. The leached ground is therefore 200 feet 
deep. At one place a drill struck unaltered sulphides at a 
depth of 250 feet; at another unaltered sulphides were found 
at a depth of 300 feet. Some of the ground containing chal­
cocite is 200 to 300 feet thick, and in the Tyrone country 
leaching has penetrated to depths of 700 feet or more. 

The· permanent water level also is irregular, standing 300 to 
500 feet beneath the surmce. It may differ as much as 200 
feet in a mile. 

All these facts indicate that t.he are bodies are very irregular 
in shape and size, for the depths to which ,enrichment has 

penetrated and the amount of leaching that fonowed such 
enrichment vary. from place to place. 

Broadly considered, the best developed ore bodies fall into 
two classes-those that are directly connected with veins and 
those that are not. Of the bodies of the first class several 
were worked extensively in the territory southeast of Leopold 
and yielded rich are. In the mines near Leopold and Tyrone 
also a large quantity of rich ore has been extracted from veins. 
The bodies of the second class include irregular blocks of 
ground grading off at the edges into rock too poor t.o be of 
commercial value. This grading oft' into lean material is in 
some places due to a change to unaltered sulphides, in others 
to a change to leached material. A number of the ore bodies 
are several hundred feet in length, breadth, and thickness. 

The material that is considet'ed ore in these mines ranges in 
copper content from 2.5 to 3 per cent, and the price of copper 
and the cost of mining ·will determine when the extraction of 
an are body ceases to be profitable. 

To summarize, the following geologic facts are important in 
their bearing on the extent and distribution of the chalcocite 
ore bodies near Tyrone and Leopold. 

Ore is found both in the quartz monzonite porphyry and in 
the granite. 

The distribution of the are is directly dependent on a system 
of fractures, which cover roughly a triangular area whose 
point lies southwest of Leopold. The more highly fractured 
region lies between Leopold and Tyrone. The number of frac­
tures diminishes toward the south, and in this direction there 
is also a diminution in the richness of the disseminated ores, 
though not necessarily of the individual veins. 

The primary deposition of ore has been governed principa.lly 
by the fractures. Dikes within the ore-bearing zone, if frac­
tured, may carry ore; if not fracturen they do not carry are. 
The richest ore bodies are found in the zone of greatest fracture 
or along well-defined veins. The richest are is found at the 
junction of several systems of veins. Ore will not be found in 
areas of solid, relatively unoxidized quartz monzonite. 

The ore bodies are essentially enriched cupriferous pyrite 
deposits in veins and in stockworks. 

The depth to nnaltered sulphides is variable and in general 
increases toward the east. rrhe enriched ore lies mainly aboye 
the level of unaltered primary pyrite; but individual enriched 
veins may pass below that level. 

The ore bodies have been locally impoverished by leaching, 
and though in general commercial are lies beneath a leached 
area, yet here and there leaching extends to depths below the 
principal ore horizons. 

General jeattwes.-In the Santa Rita district fanlting has 
brought Cretaceous shale and quartzite against. CtHboniferous 
limestone, and contact metamorphism by intrnsive rocks has 
changed the shale and sandstone lentils to a quartzitic rock. 

The following brief account of the porphyry chalcocite ore 
bodies deals chiefly with their major structural featnres and 
relations in the district; with the several masses of intrusive 
rock, as nearly as they were made out in the time that could 
be devoted to their study, and, in the very simplest terms, with 
the mineralogy of the disseminated porphyry ores. 

Igneou8 rocks.-What is known of the age and the petrog­
raphy of the seveml intrusive masses in this district has alre~dy 
been stated. The larger intrusive masses mapped in the dis­
trict are the laccolith-like quartz diorite porphyry mass that 
extends from Fort Bayard eastward to Santa Rita and appears 
in isolated patches, such as that east of Kneeling Nun and near 
Lone Mountain, and the granodiorite or quartz monzonite por­
phyry masses that are prominently exposed between Hanover 
and Fierro and in the Santa Rita basin. This rock is later 
than the quartz diorite porphyry and is intrusive into that 
rock. A third intrusive may be indicated by an oxidized and 
silicified rim of quartz porphyry that forms the hills east, 
south, and west of the Santa Rita basin, but the writer regards 
this intensely altered porphyry as similar in original composi­
tion to the mass east of the Kneeling Nun. It may be either a 
quartzose facies of the quartz diorite porphyry or a separate 
intrusive. The granodiorite or quartz monzonite porphyry in 
the Santa Rita basin seems to be intrusive into the rock that 
forms the silicified oxidized rim of the hills mentioned above, 
and this intrusion may have affected the distribution of the are 
bodies j but more work is necessary to establish this relation. 

The boundaries of tue quartz monzonite porphyry in Santa 
R~ta basin could not be shown on the map. The area sepa­
rated on the map frolD the quartz diorite porphyry mass com­
prises both the altered quartz monzonite porphyry as a central 
core and the rim of oxidized silicified quartz porphyry above 
referred to. "When the boundary between these two rocks is 
finally drawn on a map of large scale the quartz monzonite will 
probably be shown as confined to the territory bounded by the 
foot of the oxidized porphyry hills. 

Sedimentary formations and 8Vfucfllu'e. - The sedimentary 
formations of the district are the Fierro limestone and its 
metamorphic equivalents, represented by, a variety of contad 



rocks; the Beartooth quartzite, deposited unoonformably upon 
the limestone; and the Colorado shale, containing sandstone 
lentils and their metamorphic equivalents, represented by fine­
grained siliceous rocks of guartzitic aspect. 

The otherwise simple stl'Ucture has been complicated by 
igneous intrusions, with metamorphism, and by faulting. 

Granodiorite and other igneous rocks have been intruded into 
sedimentary rocks )"ith intense contact metamorphism. The 
failure to recognize a particular form of this metamorphislll-'­
the alteration of soft Cretaceous shale and sandstone to dense 
quartzite-like rocks-has heretofore been a cause of confusion. 

Two major faults and a number of minor ones have disturbed 
the otherwise rather simple relations of the sedimentary section. 
One of these faults passes northeastward a short distance west 
of Cobre Sidin~. Its down throw is to the east and it may be 
traced from the lava ranges on the south to a point some dis­
tance north of the Ivanhoe mine. The other fault enters Santa 
Rita from the east. Its down throw is on the south and it may 
be readily traced for several miles. The result of these two 
breaks is to form a downthrown block in which, neal' Santa 
Rita., only silicified Cretaceous shale or sandstone and intrusive 
rocks are exposed. When once this structural relation is recog­
nized the confusion caused by an attempt to correlate various 
quartzitic beds disappears, for all the so-called quartzite within 
this fault block near Santa Rita consists of silicified shale or of 
layers of sandstone that lie above the Beartooth quartzite. 

Metamorphism.-The intrusion of the granodiorite or quartz 
monzonite porphyry into the sedimentary and igneous rocks of 
the district resulted in pronounced contact mehtmorphism. 

The Fierro limestone has undergone the greatest change. 
No one can doubt the great transfers of material which are 
evident in the formation of garnet, epidote, pyroxene, pyrite, 
pyrrhotite, chalcopyrite, sphalerite, .magnetite, and specularite. 
Silica, iron, sulphur, and other elements have passed into the 
limestone. The map shows the areas in which the limestone 
has suffered the greatest change. The distance that silicate 
solutions traveled from the magma at some pla,ces can be 
closely determined, the pure limestone being completely altered 
up to a sharp line. The metamorphism of the limestone at 
Santa Rita is of the same character as that already described 
about the iron-ore deposits of Fierro. 

The Colorado shale at Santa Rita has been altered to a 
resistant porcelain-like rock that becomes, on weathering, light 
yellowish and is fractured and seamed with innumerahle sili­
ceous and limonitic veins. Metamorphism was produced prob­
ably as much by the later solutions, after the intrusion of the 
porphyry, as by contact wit.h the igneous masses. "Cnder the 
microscope the rock is seen to be made up of an even-grained 
aggregate of quart.z amI sericite specked with iron oxide. Epi­
dote is fairly abundant. The present condition of the rock 
was probably largely produced during that period of alteration 
which was accompa.nird by the introduction of pyrite. The 
rock generally breaks with a decidedly blocky fracture and 
may be distingllished from the porphyry which intrudes it 
by the lack of quartz phenocrysts. It may genemlly be dis­
tinguished from the Bef~rtooth quartzite by its fine gmin and 
yellow color where weathered, and by its blocky cleavage. 

The changes in the intrusive rocks of the region were in 
large part the result of solutions that probably followed closely 
the cooling of the mass and that traversed the numberless 
fractures in the rock produced by stresses whose cause remains 
undetermined. The older intrusive rock, the quartz diorite 
porphyry, has been very severely metamorphosed by the 
quartz monzonite porphyry intrusion. The prominent iron­
stained hills east, south, and west of the central core at Santa 
Rit!:l. are composed of this altered quartz diorite porphyry or of 
a quartzose phase of it. Countless seams and cracks traverse the 
rock. Great quantities of secondary silica entered it through 
numberless veinlets, and the generally oxidized red appearance 
of the hills indicates the original pyritization. The rock is 
generally light colored, stained with iron oxide, and intensely 
fractured and silicified. It contains quartz phenocrysts and 
altered crystals of feldspar that are changed to a dull white or 
dirty color. The microscope shows large resorbed phenocrysts 
of quart.z, generally abundant, and completely sericitized and 
epidotized feldspar in a gronndmass of quartz and sericitized 
feldspar. The ferro~agnesian minerals haye entirely disap­
peared. The rock is not only sericitized but is in places kaolin­
ized. It contains altered feldspar phenocrysts composed of 
nearly clear colorless kaolin; also very abundant secondary 
amorphous silica. The quartz monzonite porphyry, which 
is an important carrier of' disseminated copper, is also much 
altered. The changes that hav'e taken place in it tue those 
which accompanied first the pyritization and later the oxida­
tion of the rock. Abundant sericite has formed in the feld­
spar, the biotite is chloritized, and kaolin is present. Sul­
phides are especially conspicuous. The rock is much seamed 
and fractured but has not received the enormous accessions of 
secondary silica which seem to have made the surrounding 
hills of quartz diorite porphyry so resistant. 

Mineralization.-That the porphyry copper' ores at Santa 
Rita as a whole lie within the quartz monzonite porphyry 
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intrusive is strongly suggested by the results of numerous 
churn-drill records. It does not follow, however, that ore 
rna v not occur outside the borders of this mass. The ore 
bodies were formed by the enrichment of a copper-bearing 
pyrite, which occurred in the closely fractured porphyry and 
\V3S probably also disseminated through the porphyry lying 
between th€; fractures. At Borne places, 3S at Whim Hill, yery 
rich concentrations are found in strong fractures. 

The surface plan of the ore body 3S outlined for cOUlmercial 
purposes is shown in figure 16. The latest estimates show 
t.hat there is 90,000.000 tous of ore averaging slightly above 
1.8 per cent copper, The ore minerals are chalcocite, cuprite, 

I!'IGURE lH.-Ore bodies (shaded areas) of Santa Rita a.s developed in 
Hay, 19113. 

native copper, and some carbonate. The carbonate will become 
progressively less abundant as work proceeds. The local 
abundance of native copper is a striking feature of the ores and 
indicates the thoroughness of the oxidation, 

The zone of leached ground above the ore bodies seems 
remarkably shallow when the depth and completeness of oxi­
dation are considered. Mr. Sully, the manager of the Chino 
Copper Co., reports that carbonates have been found at a depth 
of 327 feet and metallic copper at a depth of 1,020 feet. 

An examination of a number of graphic cross sections of the 
are bodies constructed from drill records shows clearly the 
extensiye alteration of the original pyrite by oxidation:· The 
fact tha.t some of these oxidized bodies ha ye chimney-like forms 
and deseend below the main chalcocite zone or along its border 
suggests that channels for descending oxidizing water were open 
at such places. The cross sections also show clearly that the 
normal mineral succession in descending order is, carbonates, 
oxides and native copper, a.nd chalcocite. Local exceptions to 
this succession are readily explained by assuming a freer 
circulation of descending waters at those places. 

The geologic history of the region throws some light on the 
enrichment of these ore bodies. The intrusions of the quart.z 
monzonite porphyry type are believed to have taken place about 
the end of Cretaceous deposition, certainly before the period of 
erosion that preceded the Tertia.ry lava flows. The mineraliza­
tion of the porphyries of the Santa Rita district also took place 
befo,l'e this period. Therefore the ores were doubtless enriched 
to some degree long before the lava floods covered thflm up and 
arrested leaching. The time that has elapsed since the lavas 
were removed hits not been sufficient to permit the deep leach­
ing that has oc()urred at. other localities. The ground water in 
this region must once have stood at a height very different 
from t.hat which it now occupies (100 feet from the surface in 
abandoned workings),l for, as stated above, the chalcocite zone 
descends many hundreds of feet. 

The original pyritization was caused by solutions which, 
probably soon after the intrusive mass had cooled, gained access 
to the porphyry and the inclosing rocks through innumerable 
fractures whose mode of origin has not been determined. 

VEINS IN GRANODIORITE AXD DIORITE PORPHYRIES AT PINOS AL'l'OS. 

The geology of the Pinos Altos district is simple. Here a 
roughly elliptical mass of granodiorite intrudes a complex of 
diorite porphyry and associated dikes, and veius that were 
formed in both masses cut across their contact without inter­
ruption. On the north rhyolitic and other lavas of later age 
than the veins cover the intrusive masses. The diorite por-

'Lindgren, 'Valdemar, Graton. L. C., and Gordon, C, H" The ore depos­
it.s of New Mexico: U. S. Geol. Survey Prof. Paper 68, p. 316. 1910. 

phyry forms the crest and much of the main mass of Pinos 
Altos Mountain. The granodiorite is found along the lower 
eastern slope and in the territory on the east. The important 
fissure veins of the district trend from. nearly north to north~ 
east, most of them between N. 18° E. and N. 300 E., oue 
nearly north, and one ~. 55" E. They cut both diorite por~ 
phyry and granodiorite and cross the contact between. 

The veins dip steeply both to the east and to the west. They 
may be traced on the surface for considerable distauces, some 
for a few hundred feet, others for nearly a, mile. All die out 
horizontally by splitting into ramifying vein lets. The distance 
between the walls of the veins differs in different deposit.s and 
also in a single deposit, ranging from a few inches to 6 f{let or 
more. The walls are generally firm. 

The veins as a group are characterized by a decided simi .. 
larity in mineral content. All contain quartz, pyrite, chalco­
pyrite, calcite, gold, and silver, and most of them contain also 
rosin .. colored, brown, and black sphalerite and galena. Some 
contain barite and rhodochrosite. 

The veins are without doubt the result of open-fissure 
filling; tensional stresses were powerful enough to fracture 
the rocks and to keep open the fractures formed; ftnd there is 
eddence in the veins that fractures closed by vein filling were 
reopened by renewed fracturing. 

The process of open-fissure filling is strikingly shown by a 
specimen from the Pacific vein taken from the dump at the 
Hearst shaft. (See fig. 17.) The specimen covel'S the entire 
width of the vein and its polished surface is therefore a. perfect 
cross section. It exhibits five distinct layers on each side of 
the center, each layer having' an almost perfect counterpart on 
the opposite side of the vein. The first layers, those next the 
walls, contain quartz and pyrite. Their inner sides are out­
lined by the crystalline terminations of quartz prisms, present­
ing a fine example of comb structure. The next layers are 

FIGURE 17.-Section of vein showing comb structure. 
From P=ltlc vein at Pinos Altos. Full thlcknesil of vein. n .. tural sIze. 

composed of -sphalerite twd chalcopyrite. The chalcopyrite is 
more abundant toward the inner side and iu fact forms two sub~ 
sidiary layers that are separated by a thin sheet of sphalerite. 
The next layers, which are thin, contain quartz and chalcopyrite. 
Next to them are thin layers of sphalerite, followed in turn by 
thicker la,yers of quartz that contain fine grains of dissemi­
nated chalcopyrite a.nd that in places fail to fill the middle of 
the vein, leaving an open crystalline cavity. 

What is known of the details of individual veins has already 
been published ~ and need not be repeated here. 

Y.lUXS IN PRE·CAMBRIAN IGNEOIJS ROCKS IN LITTLE AND BIG BIJRBO 
MOIJ}I"'rAL'IS. a 

Well-defined quartz fissure veins traverse the pre-Cambrian 
granite of the Little Burro Mountains, about 1t miles north of 
Tyrone post office. The four principal veins have a northerly 
or northeasterlv trend. The easternmost is known as the Con­
tact vein. Ne~t toward the west, in the order named, are the 
'Vyman vein and the Casino vein. The westernmost vein, so 
far as the writer knows, is not named. 

The Contact vein occupies a fault fissure. The Casino 
fissure, too, shows sOlUe evidence of movement. 

Contact 'vein.-The Contact vein trends N. 60° E. for about 
500 feet and then trends N. 100 E. for the remaining distance 

9 Paige, Sidney, 'rhe'ore deposits near Pinos Altos, N. Hex.: U. S. Geol. 
Survey Bull. 470, pp. 109-12.5, 1910 . 

• Paige, Sidney, Metalliferous ore deposits near the Burro Mount.o.ins, 
Grant. County, N, :;\fel:.: U. S. Geol. Survey Bull. 470, pp. 131-150, 1910. 



over which it can be traced. The vein has been opened by 
several short drifts and crosscuts. 

The gangue mineral in the Contact vein is quartz, generally 
massive, though it contains drusy cavities. The metalliferous 
minerals are pyrite, a little chalcopyrite, a mixture of manga­
nese oxides (probably pyrolusite and psilomelane), and a silver 
and lead-bearing sulphide, which is very finely disseminated 
in the quartz, is intergrown partly with pyrite, and appears in 
blotchy, grayish-black, cloudlike aggregates. Tests that ... rere 
made, although not conclusive, indicate that the mineral is 
finely granular argentiferous galena. Gold also is present, 
probably associated with the pyrite. The content of copper is 
not great enough to make that metal commercially valuable. 
In places where the \Tein follows the fault plane manganese 
oxide is conspicuously abundant. 

The vein ends at the south at a strong fault, which passes along 
the west face of the Little Burro Mountains. At its north end 
it becomes ill defined, and there is some evidence that it passes 
into a system of smaller fractures, finally dying out entirely. 

-The ore varies considerably in value. Assays up to 126 
ounces of silver and $5 in gold are rE'ported. 

Casino vein.-The Casino vein dips steeply to the east and 
may be readily traced on the surface. The fracture is not a 
clean break throughout. In places considerable country rock 
is admixed with quartzose material in alternate thin layers, the 
whole being impregnated more or less with metallic sulphides. 
At a 110-foot shaft neal' the south end of the vein, where an 
old surface stope may be seen, the quartzose material ranges in 
width from .5 to 10 feet. At one locality in this stope 3 feet 
of material, mostly quartz, is separated from the hanging wall 
by 2t feet of brecciated vein matter. A clay gouge next to the 
hanging wall suggests faulting. The gold and silver on this 
vein are said to decrease toward the north, and the zinc, lead, 
and copper to increase. Still farther north, at the Copper 
Sulphide shaft, 100 feet deep, the vein 'was worked for galena 
and chalcopyrite. Gold and silver were reported low. 

Wyman 'vein.-The "\Vyman vein has been worked for about 
500 feet and to a depth of 110 feet. The richest ore came from 
within 40 feet of the surface. Silver chloride and gold were 
the valuable constituents of the vein in these upper levels. 
Zinc and copper are reported to have increased as greater depth 
was attained and gold and silver to have fallen to $3 to $5 a 
ton. Mu'ch of the ore in the upper part of the vein is reported 
to have assayed $200 to the ton. 

Enrichment.-Surficial alteration has played an important 
part in the enrichment of the deposits. The locally porous 
condition and the limonite-stained quartz of the veins at the 
surface show this, and chlorides of silver that carry a high con­
tent of gold are reported from the upper parts of tile Casino 
and'Vyman veins. It is clear that these deposits have been 
superficially enriched. However, where unaltered galena, 
sphalerite, pyrite, and chalcopyrite outcrop and wherE: the 
quartz has not a stained or porous aspect assays at the surface 
give fair indication of what may be expected below. 

The presence of manganese dioxide in these veins is interest­
ing in the light of work done by W. H. Emmons,l who shows 
that chlorine salts reacting with sulphuric acid 'will produce 
hydrochloric acid, which in the presence of manganese dioxide 
yields nascent chlorine, a sobrent for gold. Emmons also points 
out that ferrous sulphate, a precipitant of gold, can not exist in 
the presence of manganese dioxide or of higher manganates, and 
concludes that the gold will travel downward until it reaches a 
point where no new sources of oxygen are available and the 
excess of acid in the solutions is removed by reactions producing 
kaolinization. At this stage iron sulphate becomes increasingly 
prominent and is effective as a precipitant of gold. 

Chlorides are reported from the upper levels of the vein 
described, and abunoant manganese dioxide may be seen in 
places on the surface. An explanation of the enrichment of 
the vein seems therefore to lie in the chemical reactions indi­
cated above. 

Big Burro It[ountaln •• 

A strong quartz vein cuts the pre-Cambrian granite 3 miles 
south of the summit of the Big Burro Mountains. The lode 
strikes about N. 85° E. and dips steeply to the south. It can 
not be traced east of the gulch that lies east of the shaft, but it 
cuts the country rock on the west. A 150-foot shaft has been 
sunk and drifts run westward along the lode, which is exposed 
by foul' crosscuts and is reported to be 30 feet wide at the bot­
tom of the shaft. In a second shaft, 50 feet deep, the lode is 
15 feet or more wide. The hanging 'wall is a narrow dike, 
probably rhyolite. Pyrite, chalcopyrite, secondary chalcocite, 
galena, and hematite are present. The ore is said to carry 
gold, silver, copper, and lead to the value of $10 a ton. Much 
of the vein has a barren appearance and contains considerable 
hematite. The valuable metals are associated with the sul­
phides. The size and extent of the surface outcrops of this 
\'ein suggest considerable persistence in depth. 

1 The agency of manganese on the superficial alteration and secondary 
enrichment of gold deposits in the United States, a paper read before the 
American Institute of Mining Engineers at the Canal Zone meet,ing, 
)l'oveillber, 1910. 
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A number of mines are located on strong mineralized fault 
fissures. Such, for example, are the Ivanhoe and Ninety 
mines, south of Santa Rita, and the Hanover mine, neal' Han­
over. None of these mines were in operation nor accessible at 
the time of the writer's visit and nothing can be added to what 
has already been pubIished,2 except, perhaps, to point out the 
possibility that the deposits are later in age than the contact­
metamorphic deposits in the limestone, which are due to the 
intrusion of igneous rocks. They occupy fault fissures along 
which there has been movement that faulted the Tertiary 
lavas so that the solutions from which these deposits were 
derived may have been connected with the intrusion of the 
late quartz latite stocks. The fact that mineralization may 
have occurred at this late date is indicated by the presence of 
mineralized stocks of this character, notably the rhyolitic st{lck 
southeast of the Big Burro Mountains. 

A number of prospects have been opened in the area of pre­
Cam brian granite, on more or less well-defined fracture zones 
in which occur iron and copper sulphides and some gold. 

Placer deposits derived from the outcrop of the fissure veins 
at Pinos AIt{ls have yielded considerable gold. Lindgren, 
Graton, and Gordon 3 say: 

If one may judge from the reports current in the region, the Pinos 
Altos plaoors have contributed about equally with the lode mines to 
the total output of the district. Bem- Creek Gulch on the north and 
Rich Gulch, a tributm-y to it heading nem- the Mountain Key mine, 
Whisky Gulch on the east, and the gulch heading near the Gillette 
shaft were the prinCipal producers from an area about H miles squm-e. 
'l'he unusually heavy rains of the winter of 1904-5 had worked over 
the stream gravels more thoroughly than was common, and in the 
early part of 1905 placer mining was carried on with more vigor than 
for many yem-s previously. 

NONMETALLIC MINERALS. 

:1!fEERSCHAUM. 

A deposit of meerschaum (hydrous magnesium silicate) lies 
about 12 miles northwest of SilYer City in the canyon of Boor 
Creek, about half a mile aboye the mouth of Walnut Creek. 
1'he country rock is the EI Paso limestone. At the time of 
the writer's visit but little meerschaum was to be seen, but 
soon afterward a deposit was discovered in the creek bottom 
which yielded blocks of meerschaum several feet long. 

Geology.-The deposits lie in a much disturbed region. 
The El Paso limestone is here only a narrow band, limited on 
the east and west by well-marked north-south faults. The 
movement that caused these major dislocations served likewise to 
fracture the limestone severely. Through the fractures thus pro­
duced, both large and small, waters have circulated and within 
them meerschaum has been deposited. D. B. Sterrett, of the 
United States Geological Survey, visited these deposits in 1907. 
His account of the occurrence of the meerschaum follows: 4 

The meerschaum occurs in veins, lensoo, seams, and balls in the 
limestone. All but the balls are fillings of fractures and joints, which 
do not seem to be confined to any definite direction. The veins am 
filled with chert, quartz, calcite, clay, and meerschaum. Chert is 
the most important gangue mineral aJJd occurs in the veins with 
meerschaum in bands, lenses, and nodules. Both the crystallized 
quartz and calcite were observed in small veins, in which also there 
was a small amount of meerschaum. The largest vein seen contained 
considerable reddish clay, with chert and meersehaum. 

The mineral ooours in two different forms, (a) in nodules of irregu· 
1m- shape and (b) somewhat massive, with a finer and more compact 
texture than' the nodular form. Some of the veins and seams are 
filled with massive meerschaum having practically the same texture 
as that in the nodules, though not in nodular form. In other veins 
there is both compact massive and nodular meerschaum, generally 
embedded in ~e'd clay. 

The nodules range from less than an inch up to several inches in 
diameter and are of all shapes, with small, rounded knots and bumps 
protruding from the surface, which is generally coated or stained with 
the inclosing clay. The.nopules are exceedingly tough and have to 
De vigorously beaten with a hammer before they will break. The 
fracture of this kind of meerschaum is very uneven and the texture 
is fibrous, or rather leathery and porous. The color is pure white 
except where iron stains have worked in from the red clay matrix. 
Small fragments from the nodules sometimes float for a while when 
droppcd into water, though the greater part sink. Some of the 
mecrschaum that was not light enough to float became so after it had. 
been heated. After absorbing water this meerschaum, like that from 
other localities, becomes somewhat mushy and has a soapy feeling. 

The massive meerschaum is finer grained, less leathery, and heavier. 
It is very tough, however, and some pieces break with a conchoidal 
fracture. Small fragments floated on 'Water a minute or two after 
heating. This 'variety does not absorb water so rapidly as the nodular 
varieties. 

The occurrence of meerschaum in balls was observed chiefly in one 
layer of' limestone 5 or 6 feet thick. The balls ranged up to 2 or 3 
inches in diameter and wcre distributed through the limestone. In 
some places they were plainly connected with one another either by 

! Lindgren, Waldemar, Graton, L. C., and Gordon, C. H., The ore 
deposits of )l'ew Mexi~o: U. S. Geol. Survey Prof. Paper 68,1910. 

a Idem, p. B01. 
'Sterrett, D. B., Meersehaum in New Mexico: U. S. Geol. Survey Bull. 

840, pp. 466-478, 1908. 

merging or by veins j in other places they were appm-ently uncon· 
nected with other bodies of meerschaum. These baIls, so far as 
observed, did not contain meerschaum of commercial value but were 
composed partly of calcite and another fine· textured white mineral. 
Some whole balls were composed of these minerals; others contained 
a core or breccia of chert or dark limestone. 

Ohemical properties.-A chemical analysis made by George Steiger, 
of this Survey, on selected mineral showed the composition of the 
meerschaum to be approximately that called for by the chemiCal 
formula previously given (2RP+2MgO+3Si02 ) [hydrous magnesium 
silicate]. In the following table are given (1) the results of Mr. 
Steiger's analysis, (2) the theoretical composition: 

.Analyses of meerschaum. 

157.10 60.8 

.58 
________________ . ___________ , ___________ Tr,1.ce. 

CaO 
COli T __ 

Water ___________ . ____________________ ._. __ ._T_ 

27.16 

.17 

.82 
14.78 

27.1 

12.1 

100.11 100.0 

Physical properiies.-The meerschaum is very similar in 
appearance to that from Asia Minor as it appears on the 
market ready for carving. The Asia Minor meerschaum is a 
little lighter and more spongy than the surface material here, 
owing in part, probably, to the fact that it has been dried before 
shipping. 

Value.-The value of the New Mexico meerschaum has not 
yet been proved. Numerous ourerops of seams and veins of 
various sizes have been located. Whether valuable meerschaum 
will be found below the surface can be learned only by opening 
some veins to a depth where surface movement and weathering 
have not affected the mineral. 

TURQUOISE. 5 

Turquoise deposits famous for the beauty of the gems they 
produce lie about l~ miles north of Tyrone, or 10 miles south­
west of Silver City. The mines are not now producing. The 
turquoise is found both in pre-Cambrian granite and in quartz 
monzonite porphyry. The rocks in the vicinity have been 
fractured and mineralized. The country rock of the turquoise 
deposits is also fractured and the most important deposit occu­
pies a fairly well defined fracture zone trending northeastward. 

The turquoise occurs in veins and veinlets and as nodular 
masses in the altered granitic and monzonitic rocks, always in 
the upper portion of the zone of weathering and associated with 
copper minerals characteristic of that zone. The rocks carrying 
the turquoise are sericitized and filled with quartz vein lets. 

A good description of the turquoise has been published by 
Zalinski 6 and may be repeated here. 

The turquoise was found in two forms, as vein turquoise filling 
cracks in the altered granite and as nuggets or concretions embedded 
in kaolin.7 * * * 

The Elizabeth pocket extended from the second level to the surface, 
a distance of 40 feet to 60 feet, and the same quality of turquoise was 
found for 150 feet or more along the vein. The distance between waIls 
is 40 feet. 

Some good turquoise was developed on the third level and sparingly 
on the fourth, but here turquoise of the best quality was not plentiful 
and is associated -with malachite and chrysocolla. It appears that an 
excess of copper gives the material a green color and also decreases 
the hardness. 'Whether depth is an important factor in the genesis or 
formation of ideal turquoise can not be determined, but at the present 
time all of the fine turquoise is found at depths of 100 feet or less. 
* * * The yein turquoise fills cracks and fractures in the rock and 
is from one-sixteenth up to three· fourths of an inch in thickness. 
Most of it, however, is probably from one-eighth to three·eighths inch, 
but it has been found up to H inches thick. * * * The nuggets 
or concretions are usually in the softer portions of the vein and along 
seams, entirely embedded in kaoli'll. They haye various shapes and 
sizes-reniform, botryoidal, etc., and make the finest gems. 

Vein rock from near the Elizabeth pocket showed a medium fine to 
coarse grained structure, traversed by a more than usual amount of 
quartz in yeinlets and bands up to one·half inch or more wide; these 
are sometimes open and contain cavities lined. with quartz crystals. 
Yein turquoise sometimes contains small quartz crystals penetrating 
the turquoise from the sides of the vein. Bordering these quartz 
bands is kaolinized feldspar. The quartz often gives way to bright 
blue turquoise, which partly or entirely fills the vein or occurs in 
isolated specks. Vein turquoise is often sepm-ated from the granite 
on one or both sides by quartz and also occurs in direct contact with 
the rock without quartz fillillg. * * * 

The character of the turquoise varies from place to place along the 
vein; 'and different kinds are also found closely associated. 

Zalinski came to the conclusion that the turquoise was 
deposited by ascending solutions-that is, that the deposits are 
primary. The writer, however, believes that the mineral is a 
product of the zone of oxidation and was formed by descending 
surface waters. 

~ Paige, Sidney, The origin of turquoise in the Burro Mountains, N. Mex.: 
ECOD. Geology, vol. 7, No.4, pp. 888-891,1912. Zalinski, Edward, Turquoise 
in the Burro Mountains, N. Mex.: Eeon. Geology, vol. 2, No.5, pp. 46~492, 
1907. 

• Idem, pp. 475~476. 
1 Much of the so·called kaolin in the rock sections examined by the 

present writer proves to be serictte.-S. P. 
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The conclusions reached in the writer's paper cited above 1 

are briefly 88 follows: 
1. The deposits are found in the zone of weathering, are strictly 

confined to the uppermost portion of the zone of weathering, and are 
Msociateci with copper mineralB characteristic of the zone of weather­
ing (maJ"'hite and ohryaocolla). 

2. Physiographic evidence proves the existence of long periods of 
erosion under snch conditions that if we assume the deposits as deep 
seated we are confrOnted with two difficulties, the one to account for 
the invariable and significant position of all the turquoise of this 
region with respect to a planated surface, the other to show why the 
deposita have not either been removed by erosion or altered by the 
long Pl'OOOBsea of weathering to which they must have been subjected. 
To MSume that the planated surface has aooidentaJly arrived at the 
depth where original deep-seated deposition took place would hardly 
be an argument. 

S. There is nothing inherent in the chemical composition of the 
mineral to exclude it from an origin in the zone of weathering. In 
fact there are many hydrous phosphates of 8. more or less analogous 
oomposition which have undoubtedly originated in this way. (Nega­
tive argument.) 

4. A search for the source of the material found in the ~rquoise 
indicates that the solutions producing primary mineralization in this 
region were probably inadequate. Apatite was not attooked and 
copper was introduced in very sparing quantity. On the other hand, 
in the zone of weathering apatite has been removed and a concentra­
tion of copper is the normal process. 

5. Seeking the possible solutions from which the turquoise might 
have formed, we have some chemical data to show that phosphates 
(If alumina probably did not exist in the solutions which caused the 
prmary mineralization of this region. On the other hand, we have 
in the zone crf weathering a potent solvent for all the constituents 
found in the turquoise-sulphate solutions formed by the oxidation 
of pyrite known to have been present. Likewise the constituents of 
the turquoise were present at the time oxidation began to be 
e:ffective. 

6. Ohemical laboratory experiments in the cold agree with the 
assumption that if the sulphuric and phosphoric acid radicle are 
present in a weak acid solution which gradually becomes neutralized, 
the phosphoric acid first will combine with alumina. Mineralogic 
evidence observed in rock: sections indicates that such processes have 
taken place and that the depletion of' phosphoric acid and alumina 
by leaching resulted fiDally in the precipitation of sulphate.!! of 
potassium and iron probably derived from sericite and pyrite. 

WATER RESOURCES. 

UNDERGROUND WATER. 

By N. H_ DARTON_ 

A large part of the Silver City quadrangle lies in the 
mountains or in areas of rocks in which the ground-water 
conditions are too irregular to be ascertained by geologic 
observations. In the southeastern part of the quadrangle, 
however, is an extensive district occupied by a thick sheet of 
bolson deposits which contain a widespread underflow of water. 
This water is derived mainly from the local rainfall, but a part 
of it is the underground drainage of the San Vicente Arroyo 
and other watercourses. The bolson deposits consist of gravel 
and sand and some fine-grained Jayers, and their capacity for 
holding water appears to be great although it differs consider­
ably from pi"", to place. 

One of the best tests of the water was made by the Chemung 
Copper Co. in the San Vicente Arroyo, 3 miles northwest of 
Whitewater. A shaft was sunk near the west center of sec. 34, 
T. 19 S., R. 13 W., to • depth of 250 feet, and drift, ... ere 
extended for some distance on either side. It is reported that 
in sinking the shaft a No.4 pump, raising 300 gallons a 
minute, was required to keep pace with the influx of water. 
When the operation was completed the water rose within 136 
feet of the surface. Later, a 12-inch hole was bored to a depth 
of 050 feet, all in water-bearing sand and gravel, and the 
water from this hole rose in the shaft 20 feet or more. 

Wells at intervals along San Vicente Arroyo and on the 
adjoining plains obtain satisfactory supplies of water at depths 
of 100 to 170 feel In the arroyo ,outheast of Whitewater 
the surface of the water rises gradually, and near the boundary 
between Grant County and Luna County it is within 00 feet of 
the surface of the ground. The water conditions have been 
tested at several places north of the arrqyo, notably in two wells 
in ,ec. 3, T. 20 S., R. 12 W., which are 140 and 145 feet deep, 
respectively, and in which the water stands within.95 feet of 
the surface. 

The warm springs that occur at in tervals from Apache Tejo 
to Faywood Warm Springs produce a large volume of water of 
underground origin. These springs lie along a northweetward­
trending line and the high temperatures of their waters indi­
cate that they rise from ·a considerable depth, preeumably along 
a fault. At Apache T~io the Chino Copper Co. ha, dug a 
deep pit along the principal orifice of these springs and has 
developed a greatly increased supply, now estimated at about 
4!- second·feet. This water is pumped to Hurley for use in 
the concentrator. 

At Silver City an attempt has been made to obtain an 
artesian water supply in the limestone, but to a depth of 1,500 
feet there had been obtained only a very small flow, which 
was found at 1,390 feet. Possibly the Bliss sandstone and 
:Beartooth quartzite contain water and at a few points might 
yield Hows or pump supplies:. 

I Paige, SIdney, op_ oil, pp. 891-892_ 
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8UBFAOE WATERB. 

In considering surface run-oft' from areas-of emall rainfall, 
such as the Silyer City quadrangle, it should be noted that an 
annual rainfall of at least 20 inches is neceesary to supply the 
ordinary losaee due to evaporation and vegetation. Where the 
rainfall is let:ls than that amount there will be run-oft' only 
during and after periods of great precipitation. 

A, already ,tated, the average rainfall for the Silver City 
quadrangle is about 13 inches, and the rainfall at the higher 
altitudes is only 25 inches. The streams are therefore inter­
mittent, and their How depends on the intensity of the rainfall 
and on tlle melting of accumulated snow in the mountains. 

Gaging stations have been maintained on streams crossing 
the area. 8S follows: 

Mhnbrea River near Faywood, seo. 7, T_ 20 S., R. 10 W. 
Ca.meron Creek at Fort Bayard, sec. 211, T. 17 S., B. 18 W_ 
Stevell8 Creek nea.r Fort Ba.yard, seo. 12, T. 17 S" R. 18 W. 
Lalnpbrlght Draw near Santa Rita, see. 19, T. 18 S., R. 11 W. 
Whitewater Creek at Hurley, see. 18, T. 18 S., R_ 12 W_ 
Cameron Creek near Hurlpy, seo. 27. T. 18 S., R. lQ W. 
Rio de Arena (Whisky Creek.) near Hurley, seo_ 91, T_ 18 S., R. 18 W. 

The records made at these stations are fragmentary except 
those made on Mimbres River near Faywood, extending from 
1908 to 1910 and from 1912 to 1914, and on Cameron Creek 
at Fort Bayard, extending from 1907 to 1910. The records 
for these two stations show that the maximum flow usually 
occurs during summer, when intense storms are most frequent 
and the snow on the higher peaks is melting. During the 
remainder of the year the stream beds are not unusually dry. 
The annual variation in discharge is also great. 

The records taken on Mimbres River at Faywood show a 
flow ranging from 0 to more than 1,000 second-feet. The 
mean annual flow in 1910 was 4.0 second-feet j from May to 
Der..ember, inclusive, 1908, the mean flow was 54.8 second-feet. 

The mean How of Cameron Creek at Fort Bayard from 1907 
to 1910, inclusive, was 0.7 second-foot; the minimum was 0, 
and the maximum was less than 100 second-feet. 
~ost of the streams in the area flow in shifting beds and 

canoy large quantities of silt during flood stages. 
The following condensed tables show in grea.ter detail the 

monthly aad annual variations in flow: 

Monthly (Uacharge of Mimbres Ri'Cer ?lea,' Faywood, N. HerD_. for 1908-1910, 
1911-1914, 

------------------------1--------,.,. 
May____________________________________________________ 11.6 718 

June____________________________________________________ 9.'1 1177 

July____________________________________________________ 126 7,7110 
Augl1st _________________________________________________ 124 7,620 

September______________________ ____ ________ ____________ 68.0 B,7M 
October ________________________________________________ IIO_B S,01Kl 

November _______ _______________________________________ 23.9 1,420 

December ______________________________________________ SO. 8 1,860 

The period__ ________________________________________ 64.8 26,800 

Jannary ____________________ .____________________________ 17.2 1,060 

February_______________________________________________ 9.114 680 

Ma.:rch__________________________________________________ 8,91 548 
April ________ . _________ .________________________________ B.lIl 187 
May __________________ : ___________________ .. _____________ 2.21 186 

June _________ .__________________________________________ 1.211 74 

July____________________________________________________ 15.92 864 
August_________________________________________________ 11.4 701 

September______________________________________________ 8.117 212 
October ________________________________________________ 4.47 2711 

November ___________________________ .. __________________ 6.90 411 
Decewber ________ . _______ . _____________________________ 2.26 ]89 

:heyeoft,r __________________________________________ _ 

January ______ _ 
Febrpary ____________ ~ ________________________________ _ 

Maroh'_ 
April __________ _ 
May _______________ ~ 
June __________________ _ 

July ___ _ 
August ______________________________ ~_ 
September ____________________________________ _ 

October ____________________________________ _ 

Novemuer¥ ________________________________ ¥ __________ _ 
December _____________________________________________ _ 

The year ---- ---------------r----------------------

tIll 
May __________________________________ . __________ _ 

June _____________________________ _ 

July ___________________________________ _ 

August _____________________________ _ 

September ____________________ _ 
Ootober ______________________________________________ _ 

Novpmber _______________________ . ____________________ _ 

l?ecember ________________ . ____________________________ _ 

Thepe:riod _______________________________________ _ 

'.40 

"_11 
4.41 .... 
2_20 

l.BO 
2.47 .... 

26.9 
2.80 

.17 
o 
4.62 

'.0 
8.' 

811.8 .... 
B6_2 

11.11 
11.0 

10.0 

20_6 

4,.40 

81' ... ". 191 

111 

'47 

'" , .... 
,88 

10 
o 

8,270 

88. ... 
2,190 

'.640 
2,1110 

'" ... 
61. 

'.990 

Monthly d,iBcharge of Mimbres Ri'Cer near FatfWood. No Mero. Jor 1908-1.0. 
191'-191.#.-ContJnued •. 

January ________________________________ __ ______________ 12_ 9 798 

February ___ __________________________ __________________ 2_ 66 142 
Mal'(lh __________________ ~______ __________________ 7.61 468 

Aprll ___________ ~_______ __________________ 1i7_ 2 8,400 

June __________________________________________ _ 

July ___________________________________________________ _ 

August ________________________________________________ _ 

September ____________ ._. ______________________ _ 
October _____________________ _ 

November ________________________________ _ 
December ____ 0 ______ ~ _______ ~ ______ ~ __________ ~ _~ _____ _ 

4.01 

'.40 
8.14 

8.91 

6.91 
2_16 

'.n so., 

.. , ... 
'98 ... ... 
'88 
46. 

1,270 

Theye&l'___________________________________________ 11_8 8,210 

January ________________________________________________ 1".4 1,190 

February_______________________________________________ 6.01 884 
March ______________________ .__ ________________ 8.96 248 

April _______________________________________ ~__ 8_97 286 

Yay _____________________________________ ~~_______ 8_70 22S 

June ______________________________________ M_ 11.0 6116 
July" _______________________________________ • ______________________________ _ 

August _____________________________ ~ ___ ~_~ ________ ~____ sa. 2 11.800 

September___________________________________ ___________ 211.7 1,600 
October ___________________________________ .~___________ 88.8 8,890 

November ________________ ______ ___ ___ __________________ 21. 9 1. BOO 
Deoember ________________________________ ~M____________ 200 12, BOO 

The yea.r ______________________________________________________________ _ 

"High wa.ter during July; gage out of order: 
NOTE_-Weighted mean discharge of period 1008-1912, 17.8 second-feet. 

MrmthJy tUlcl/,arge of Gameron Greek at Fort Bayard, No Mero_, for 
1907-1910. 

Month. 

January 1~1 ________________ ~ ________________________ _ 

February • _____________________________________________ _ 
Haroh ____ ¥ ____________________________________________ _ 

April _______________________________________________ _ 

May ~ _____ ~ ________________________ ~" __________________ _ 

J une _______________________ ~~ __________________________ _ 

July ______________________ ~ ____________________________ _ 

August __ • _____________________ • ~ ______________________ _ 

September ____________________ " ____ ~ __________________ _ 

October M ___ ~ _____________________ ~~ ___________________ _ 

November _____________________________________________ _ 

December. ____________________________________________ _ 

The period _______________________ ~_~ ______________ _ 

, ... 
January ______________________________________________ _ 

February ____________ ~ _________________________________ _ 
March _____________ ~ ___________________________________ _ 

Aprll _____________________ ~ __ • _________________________ _ 

May _________________ ~ ___ • _____________________________ _ 

June ________________ *.R* ______________________________ _ 

July _________________ ~ __ ¥ _____________________________ _ 

August. _______________________________________________ _ 

September _____________________________________________ _ 

October ~ ________________ .. ___________________________ _ 

November ___________ ~ _______________________ .. ________ _ 

DecelDber ____________________________________________ _ 

The year __________________________ _ 

Ja.nuo.ry __________ ~. __ * ________________________________ • 

February ________________ ~ ____ ~ ____________________ _ 
Ma.:reh __________________________ ._ .. _______________ _ 

April _______________________ • ___ ~ _____ _ 
Ma.y ___________________________ _ 

June ___________________ ~~ _______ ~_~¥_ 
July _________________ _ 

August ____________________ : __ _ 
September ____________________________________________ _ 

Ootober~ _______________________________________________ _ 

November _____________________________________________ _ 

December _____________________________________________ _ 

The year __________________________________________ _ 

'.04 
'.02 
'.00 
'.00 
1.00 

1.00 

1.81 .... 
.80 
.80 
.80 
.80 

1.10 

.110 

." 
.110 
.50 
.60 ... 

1.06 
2.015 

.50 

.50 

.50 

.50 ... 

.. ., .. .. 

.' .. 

.77 
8_117 .. .. .. .. ... 

85.' 
66.8 

61.5 
69. Ii 
61.6 

69.5 
80,6 

'44 
29.8 
BO. , 

29.8 
80.7 

710 

80_7 

29_9 

BO.' 
29_8 

BO.' 
29_8 

611_2 

'26 
29_8 

30.7 
29_8 
80_7 .... 

81 

" 81 

80 

81 

80 

" 
12 

'" " . 
" 

880 

January, _______________________________________________ ~ .2 12_ B 
February _____________________________ ~______________ .2 11_1 

Maroh_______________________________________________ .2 12_B 
.April ________________ .. __________________________ .___ .2 11.9 

Ma.y _____________________ .-----------------------------__ .2 lit 8 
JUlie ___________________________________________ .~_. ___ . _22 IB_l 
July__________ _________________________________________ _61 B7_15 
August ______________ .. _________________________ _____ ____ .28 14_1 

September _____________________________ ~ .18 7,7 
October _________________________________ 0 

November ________________________________ ~*___________ .07 4.0 
December ______________________________ _ 

Theyea:r ___ ~ ______________________________________ _ .18 

NOTE_-MeaD, discharge of period 1907-1910, 0_71l second-foot_ 

December, 1914. 

'88 
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U S GEOLOGICAL SURVEY 
GEORGE OTIS SMITH, DIRECTOR 

PLATE I.-BASALT DIKE THAT CUTS PLEISTOCENE 
GRAVEL. 

PLATE II.- PINNACLE OF RHYOLITE LAVA FORMED BY 
WEATHERING SOUTH OF SANTA RITA. 

PLATE III.- FLOW STRUCTURE AT EDGE OF INTRUSIVE 
RHYO LITE PORPHYRY STOCK WEST OF FORT 
BAYARD. The soft gravel has weathered away, jeavi,,!! the hard d ike stand­

ing li ke a wal l. 

Near view 01 one of the pinnacles shown in Plate VI. 

PLATE Y. - PRECIPITOUS SCARP ALONG FRONT OF RANGE SOUTHEAST OF THE 
KNEELING NUN FORMED BY CAP OF FLAT- LYING RHYOLITE LAVA. 

View looking southeast. Rou\!hly columnar structure ot the lava is shown in the near clilt. 

PLATE VII I. - BASALT FLOWS INTERBEDDED IN PLEISTOCEN E GRAVEL IN VALLEY OF 
BEAR CREEK. 

The basalt flows form the uppe r rou \!h clilts. Pleistocene g ravel the smooth lower clilt and the upper s lope. 

PLATE XI.~VIEW ACROSS THE LOWLAND EAST OF SILVER CITY TOWARD THE PLEISTO· 
CENE GRAVEL MESAS. 

The lowland was oncll covered to the leve l of the mesa by the \!rave l and the mesas are the remnants. 

PLATE VI._ PECULIAR PINNACLED WEATHERING OF A HORIZONTAL SHEET OF RHYO­
LITE LAVA SOUTH OF SANTA RITA. 

The pinnacles a re about 20 feet high. 

PLATE IX.~TILTED PLEISTOCENE GRAVEL FORMING CLIFF AT HELLS HALF ACRE. 

View looking southeast. 

PLATE XII .-OPEN VALLEY CHARACTERISTIC OF LOWER PART OF VALLEYS IN PLEIS­
TOCENE GRAVEL PLAINS. 

View looking south toward Lone Mountain, in d istance. 

NEW MEXICO 
SILVER CITY QUADRANG LE 

PLA.TE IY.- PLEISTOCENE GRAVEL FAULTED DOWN AGAINST RHYOLITE SOUTH OF 
WIND CANYON IN LITTLE BURRO MOUNTAIN. 

Fault passes u p ravine between white rhyo lite c liff on left and grave l hi ll at rig'ht. 

PLATE VII.~LOW MESA NORTHEAST OF LONE MOUNTAIN FORMED BY A CAPPING OF THIN 
ANDESITE LAVA IN TERTIARY GRAVEL AND TUFF. 

The bench on the s lope of the mesa is produced by another inte rcalated lava bed. 

PLATE X.~LlGHT·COLORED LIMESTONE ALTERED TO IRREGULAR DARK MASS OF 
HEDENBERGITE (PYROXENE) BY CONTACT METAMORPHISM NEAR HANOVER. 

PLATE XII I.- RECENT STREAM TRENCHING IN A TRIBUTARY OF MANGAS VALLEY. 

Typical of Pleistocene grave l-f il led va lleys of the region. 
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