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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 topographic lllap are of 
three distinct inequalities of sllrfacc, called relief, 
as plains, plHtenuB, hill!;, alld lllount"lins; (2) distribu-
tion of water, called as streams, lakes1 a.nd 
(3) 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 ((('('urateiy determined, 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 (1 to indiclIte their grade or This is done 
by lines eadl of whieh is dnrwn through of equal ele\'a-
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/four lines or, more brietl \', contours, 
and the uniform H'rtical (li"tan('e bet\\een eaeh two"eontours is 
called the contouT intr:rml. Contour lines and elevations are 
printed in brown. The manner in whi('h coutour lin,es express 
altitudf', form, and grade is shown in figure 1. 

FIOT:RE \.-ldeal view and correspondillj.{ contonr map. 

The skcreh :J river VB Hey bt'tween two hills. In 
tIlt:' foregrOlliul till? seH, \\lth a bay that is partly closed hy 
a hooked sand bar. On eaeh sirlf' of the v:llley is a terral'e. 
The terrllcc on the right merges into a gentle hill slope; that 
on the left is backed by a ascent to II cliff, or RCfll"p, \\ hich 
contrasts with the gradunl awny from its ncst. In the 
map each of these features jndicat.ed, directly bel10ath its 
position in the sketch, by contour lint'R. The map docs not 
include the cliHtant portion of the yiew. The following notes 
may help to explain the use of contour lines: 

1. A coniour line reprt:'sents a eertain height ahow sea 1('\·e1. 
In this illustration the contour interval is 50 feel,; thel'efol"E' 
the contour lines arc llrawn at 50, 100, ] 50, and 200 feet, and 
so Oll, ahove mCHn sea level. Along the contour at 250 feeL lie 
aU points of the surfllce t.hat Ht"e 250 f~et above the sea-that is, 
thii:l contour would be the shore line if the sea \vere to t"ise 250 
feet; alon!!: the rontour at 200 feet. are all points that nrf' 200 
feet abo\'e the sea; and so on. Tn the i:lpace bet,"ween any two 
contours are ul1 points whose elevations are aboy,=, the lower 
and below the lligher ('on tour. Thus the eoutnur at 100 ft'f't 
falls jUSL helow the edge of the tenare, and tltat at :l00 feet lit:'i'! 
aboye the terrace; therefore all points on tile t.errace are shown 
to be more tlwn 150 but lei:l8 than 200 feet aboye the sea. 
The summit of t.he higher hill is rm'lrh(l GiO (feet aboye sea 
leyel); the ('ontom at ()oO feet surrouuds iL. In 
t.his illust.ratiou the contoUl' lines arc nuwbered, and those 
for 260 and riOO fef:t are areentuHted by being Illade heavier. 
Usually it is !lot desirable. to number all the contour lines. 
The a('centnating 1111(1 numht'ring of ('ertain of them-::;ay eyery 
fifth one-suffires and the hl'iglits of the others may he l.lSeer­
tained hy cOllnting up or dO\vll from th('se. 

2. Contour lines 8how or' express the forms of slopes. ~\.s 

contours are continuolls horizontal they wind SlllOOtJlly 
about smooth surfaces, rcct:'dt:' into rt'entrant of 
rayil1E'8, and projert. in .passing around spurs or I"·o,mi,,wnees. 
These relations of cont.our curn's Hnd 1:..0 of' t.he 

can be Been f!'Olll. the map and 
lines sl~ow the approximate of any sl~pe. 

The yertical interval between two \'(mtours the same, whether 
they lie along a cliff or on a genLle slope; but. to attain a gi ven 
height on a gentle slope olle must go Dll'ther than on a :-ltce]) 
siope, and therefore contoun; are fill' apnrt on gentle ~lop('s 
and near togethf'r on steep one". 

A small contour int~ryal is necessary to express the relief of 
a flat oj' gently undulating country; a steep or mountainolls 
country ean, as a rille, be a(lequately l'epresentell on the SHme 
seale by the use of a huger intenal. The smallest interya 1 
used on the atlas sheets of the Geologieal 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 flnd for less rugged country ('on­
tOUT intervals of 10; 20, 2iJ, 50, and 100 feet are used. 

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

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

by conventional sigBs in hlue. 
for the works of' man and all letOOr­

are printed in 
,)ca"C.,.-j~l1e area of the United States (exclusive of Alaska 

and island possessions) is ubout 3,027,000 square miles. A 
mup of thif'. area, dl1Hvn to the scnle of 1 mile to the inch 
would ('over 3,0:27,000 s<jlHlre incllCi::l of pnpel' aJHl measure 
about 240 by 180 feet. Each sqLUHe mile of ground Sll1-iace 
wonld be represented hy a inch of lllilp snrillee, and a 
linear mile on the ground a linp..ar inch on the map. The 
stale mav be also a fraetion, of whieh the numer-
ator is 11" 011 the lllap and the denominator the eone-
spondiIl)!; lengt.h in nature expressed in the same unit. Thus, 
as thcre are 6:3,;~60 inehes in a the scale"] mile to the 
inch" i8 by the fraetioll 

Three are used on the sheets of the Geological 

inch on t.he map. 
surface 

a gradua,ted line repre­
a similar line indieat.ing 
a fraction. 

OU""',',,,,a(,,.·~j "cmap of the Unit.ed Stat.es 
is being nhed~ of eOllYenient size, wlrieh 
represent areHS boul1(lc,d parallel.; IltHl meridians. ThCBe 
~Heas are ('aIled qnadrangle8. Eaeh sheet on t.he seale of ~"O~Oili) 
represents one slllUll'e degree-that is, a of latitude by a 
degree of longitude; eath sheet on thp of repre"ents 
one-fourth of a squal'e degree, and cHch sheet on scale ot 

one-Rixteenth of a square degree. The arcas of the corre­
sponding quadranJ!;lcs are about 4000, 1000, and 2;)0 square 
Uliles, thollgh HH'Y vary with the lat.itude. 

The atl:lS sheck;, heing only parts of OIJe map of the United 
States, are not lilllited by politi('al boundary lines, such as 
those of SLates, counties, ao(l tow nships. ~hny of t.he maps 

arell" lying in hw or m'en three States. '1'0 each 
and to the quadrangle it represents, i::; given the name of 

some well-known town or natural feature within its limits, and 
at the sides and comers of each sheet nre printed the Hames of 
adjacent quadrangle::;, if the maps are published. 

THE GEOLOGIC MAl'S. 

The nwpi::l l'eprt'"entillg the show, colors and 
conventiowll sip;ns printed on topographic map, the 
di:3tl'ibution of rock masses on the surface of the land and, by 
means of structure sections, their llnderf!;round relations, so far 
as known and in suell detail as the scale permits. 

KDi'llS OF lWCKS. 

I{oeks are of Ulany kinds. On the geologie mnp they are 
diRtinguisheil W'l igneous, sedimentary, and metamorph~c. 

ignnH(s 1'oclcs.-Rocks that haw cooled and consolidated 
from a slate of fusion are known as igneous. Molten material 
ha.., from to t.ime IJeen forced upward in fissures or ehan-
lIel,.; of and sizf's through rocks of all t.o or 
m;arly to t.he Itocks formed by the of 
mohen material, or magma, within these ehannels-that is, 
below thc surfu('('--:-art! called ·irlil'u.siL'C. "'here the intrusive 
rock a fissure wit.h approximately pHl'allel WllltS it is 
called a where it fills a large and irregular conduit the 
mass is termed a Bloch:. "\Vherc molten map;ma trayerSeR strat­
ified rocks it be intruded along betiding planes; sueh 

or "hed.s if eomparatiyely thin, and lacco­
chambers prod neell by the pressure 

rock molten material rool.; 
slowly, 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 mounli:lins. rocks 
that. have solidified at'the sllrface are called 
Lavas generally cool mort:' rapidly than iutrusive 
a:-1 a rule contain, espf:'f'ially in their superJieial parts, wore or 
lesH voleanic produced by rapi(l ehillillg. 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 aceoillpanies volcanic eruptions, 
causing qjl,etions of dust, ash, lapilli, and .larger fi .. agments. 
These materials, when rOllsolidated, constitute breccias, agglom-

and tuffs. 
l'oclcc~.~noeks composed of the transported 

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

dii:lintegration, of volcanic ejecta deposited in lakes and seas, or 

of materials deposit.ed 111 sueh water bodies by chemical precipi­
tation are termed sediuu:nta1-Y. 

The ehief ngent in the transportation of roek 46bris is wat.er 
in Illotion, including rain, streams, Ilnd ihe water of lakes awl 
of the sea. The materials are in large part carried as solid 
particles, and the are t.hen said to be mechanical. 
Bueh arc which are latel' consolidated 
int.o Sfllldstone, shale. Some of the mate-
rials are earried in soluLion, and deposits of these are called 
or,!!anic if formed with the aid of lift.', or ('helllieal if formed 
·without the aid of life. The more important roeks of chemical 
and organic origin are limestom', ehert, salt, iron on" 
peat, lignite, and eoal. Anyone of the named 
may be f'\eparatf:'ly formed, or the diITerent he 
intermingled in many wa'y~, produeing a great variety 

AnodiCI' transporting ag-t'nt is nil' in lllotion, or wind, lmd a 
third is icc in motion, or glaciers. The mORt characteristic of 
the wind-borne or eolinn deposits js loess, a fine-grained earth; 
the most characteristic of ghcial deposits is till, a heterogeneous 
mixture of bo·wlderR and pebbles wit.h day or sand. 

Sediment.ary roeks Ilre usually made up of lllyt'ri::l. or beds 
which can be separflted. These arc caned 8imta, 

and rocks in such layers are to be strutified. 
The snrface of tlle earth is n~t immomble; 0\ er wide regions 

it \'ery slowly rises or sinks, with reference to the sea, and 
RhorE.' . lint's ~re thereby changed. ) ... s a result of upwanl \ 
moyemeut manne sedimelltary, ro(~ks may become part of the 
land, and most of our land areas are in faet orcupietI by rocks 
originally deposited as sediments in the 

Roeks exposed at the surff~ce of tl1e air, 
watf'r, ice, animals, and plants, 
known as bact.erin. They antI more 
soluble parts HTe leach('(l ont, the material being 
left as a residual lavel", \Vater washes this material down 
the slopes, IllHl it. is e~'elJt.ually ean~etI by riYers t.o the,oeean or 
other bodiN! of wat~r. lTsuHlly its journey is not eontinuous, 
but it is huilt into river bars and flood plains, 

_·Ulu \·ial deposits 
belong to 

laver is commonly inelnded 
Their upper parts, o~eupied by th~ roots of 

eon:'!titute soils and subsoils, the soils being usually 
dist,inguisiw.! by a notable atImixture of matter. 

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

may enter into new combinatiolls nnd eertuin substances 
may be jost or new ones added. A complete gradHtion [rom 
the primary to the metmnorphic form may exist within a 
single rock mass. Such changes transform s,mdstone into 
quartzite and limestone into marhle and modify other Toeks 
in various ways. 

From time to time during 
been deeply buried and hayc to enormous 
pressures, to slo\v movement, and to igneous intrusion haye 
been afterward raiRed and later exposed by erosion. In such 
rocks the original 8tructures 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 caned and may cross the original 

roeks rbanltterized by it 
Crvstal" of mica or minerals lllay have gr~wn 

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

As a rule, the oldest rocks are most altered and the young,=,l" 
formations have eseaped metamorphism, hut to this mle there 
are many illlpOliant t'speeially in l'egiolls of igneous 
activity fwd complex 

TOlOl.A.TlO.KS. 

For of 
above are into A :'!edimentmy 
formation l·ollt.ains bet~yeen its upper and lower limits either 
rocks of uniform charad~r or rocks more 01· 1ess uniformly 
"\\il.riell in eharader, for example, an alternation of shale and 
Jjmestone. \Vhcre fn}m OIle kind of rocks t.o 
another is gradufll it. may TWef:'s:'!ary to two eontigu-
ous formations by an arbitrary line, aTHl some rases the 
disLill(~t.ion depends almost f'nt.irely on the contained fossils. 
An igneolls fOl'mat-lon cont.ains one ur more bodies of one kina, 
of' similar occurrence, or of lil-:e origil1. .r\ metanH1l11hie for­
mation lllay eonsist of rock of uniform eharaeter or of se\ eral 
roeks having eomIllon charaeteristies 01' origin. 

\Yhen for seicntifi(' or e('onomie reasons it is desimhle to 
recognize and map one 01' more deyploped parts of ~J 

yaried formation, such parts Ilre member", or In' oom(' 
odler appropriate tcrm, as '(!ntil.i:J. 

.\GES OF ROCKS. 

Geoloy'ic {i'llie.-The iime during which ro('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 
f!)'oll}wd to,2:f'ther into a 8Yl:Jtent. The prilleipal divisions of a 
system are ('alled 8(Tie8. Any aggregate of formations less 
th1ul a Rf'rie); is called a !Jrollp. 

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

Many 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 01] the hlncl. Rueh 
roekS" are ('alled fossiliferous. By studying fi)ssils it has 
been found t.hat the life of each period of the earth's history 
was to l-l extent different from that of other periods. 
Only the kinds of mm'ine life existed when the oldest 
fi)ssilifel'om; rocks were deposited. From t.iIlle to time Illore 
complex kinds awl as the 8impler ones lived on in 
modified forllls life more yal'ied. But during each 
period there livE'd peculiar forms, did 1I0t exist in ('arlier 
tiIllI:'S and lwye 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 on from period to period, and thus 
linked the forming a chnin of life from the 
t.ime of the rocks to the present. 'Vllere 
two :'ledimentHry formations aTe rernot.e from ea('h other ami it 
is impossible to obsene their relative positions, the charncter-
istic fossil found in thelll may (lE'termillC which 'was 
deposited Fossil remainR in the strata of different areas, 
proyinc(~8, and eontineutr: afford the 1ll08t import.ant meHn:'l for 
comhining local histories into a earth hist.ory. 

It is mallY places diffieult or to df:'terllliue the age 
of an igncons frfrlllation, hut rlw rdatiw age~of .:mell a fi)rm;J­
t.iOll can in generaJ be ascertailled by 
associated sedimentary formation of known 
igneous lllaRS or is dE'positetl upon it. 
which metamorphic' J'oeks \\ere formed from the 
may be shown bv their relations to formation.., of 

age; hut the r('cohled on Dlap i.., that of the 
masses llnd not. of dwir metamorphit>lll. 

culon;, and pa.tiaus.-Ench f()l'lnation is shovm 011 
the map hy a dist.inetive combillation of color awl pattern allii 
is'labeled hy a speC'iallett.cr symbol. 

Patterns {CompoAed of parallel 
format.ion8 

lineR arc mwd to 
ill tlw jnlakes, 

tlots awl 
eirdf's represent idluyial, nnd eolian i{ll'll1lltions. Pat­
terns of trianglf's and rhombs arc u:::;ed for iguf'oUS fi)l'IllaLions. 
:Metamorphic rO{'k8 of unknown origill llre 
Sh01i, <l~:shes placed; if the l'()(·k is 
mlly lw \\avy lines pllrHllcl to t.he t>truetll1"e 
Suihlble THlttel'llR an' used for met.amorphie 
tions known to he of or of igneous origin. The 
patterns of eaeh cbs.., are in variollR (~().lors. \Vith the 
patt.erns of parallcl colors are used to indieate ag{~, a 
partieular culor Lo CHell t>yst('lll. 

The s\'mbols of two or more lettf:'rs. If the age 
of a fOl'~ation is known the snnhol include.., the 
bol, whit'h is H capitnl lett!'; or monogram; 
symbols atf' ('o111po",ed of I:Huallletters. 

8ym­
tlw 

The n<unes of t.he systems and of Iwries that have heell given 
distinctive in (mler f!"Om to oltlest, with the 
color and assigne(l to 
subjoined 

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

By.tAll 

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

lIilll'l, Ynllp),,,, 11l1d 1,11 oiher snrfflee forms IJaYI:' been produced 
F9r example, most the result. 

streallltl that l1(nr through 1), 
plains hOJ"(]pring- mall)" streams were up 

hy the st-reams; \\aves cut S(,11 ()lifI;" lllltl, in cooperation \\ith 
c~rrellts, "(mild up sano spits aIld ham. Topographic form" 
thus conl'ltitute part of the reeord of tIlC of tJ]P parth. 

Some ionns are inseparably eOIllleer,ed with Tlu, 
hooked sh9wll in figure 1 is an illustration. To thi8 dnss 

alluvial plain8, lava streams, drumlins (smooth 
of till), and moraines (ridg-('8 of drift made 

at tiIC Ot.her forms 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 terruee an n 11uvial 
plain is first built and afttrward partly eroded awny. The 
shaping of a marine or lacustrine plain it> ul'lual1ya douhle 
proeess, 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"11ieh slowly wenr down, and streams 
eurry the waste material t.o the sea. As t.lle Jep~'nds OB 
the £low of water to the sea, it ean no,t ('arried belo'w sea 
level, and t.he 8ea is therefore called the ba8(:;-/evel of erosion. 
LnkPs or hlrg: rivers may ddc,rmine locfll hase-Ievels for certain 
regions. When a large truet is for a long time undisturbed hy 
uplift. or suhsidence it is dE'graded nearly to bast'-lcvt'l, and tIll:' 
fairly even snrface thus produ('etl is called If the 
tract, is aftenvnn{ uplifted, the ele\ated 
re('ord of the former dose·relation of the tract to hase-leyel. 

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

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

,vhieh is the key to tile map. To asC'el'-
tain the meaning any color 01' pntterIl and its lett.Pr 
the rfwler should look for that color, pnttern, und 
the where he will find tIle name and 

If it is desired to find 
name should he sought in the 
Botcd; well the a1'eas on the 
pnttern mny be iraeed out. TIle 
ment of tile ,2:eologic history. In 

according 
unknown 

group t.hey ure placed in th~ order 
so far as known, t.be youngf'Bt at. t.he top. 

map.-The lllap rep1'f'sent.ing the distribu-
tion of and roekl::' ,ina their relat.ions 
to the topogrllphic fpatures and to the 
~e1'lIled the economic Heolog!l map. The that. appear 
ou the areal geology lllnp are usually shown on t.hi:::; map by 
f11inter color and the areas of produdive formatiol1H 

(~()lors. .A mine symbol shows the 
or quarr,v and is accompfmied tlw 
mineral mined 01' stone If 

mining indust.ries or artetlian in the 
nUlpy to Bbow thuse additional economic featur!:'s 
in tht' folio. 

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

a sectiun, and the same term is applied to a 
reneC'S,,,>t>;ng the rebtions. The arrangeillf>ut of'1'oeks 

is the earth'c I5lructum, and a seNioll exhihiting 
arrdn~,emenLiH (,ll11ed a :;lrudUt'(J .~ecti()n. 

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

the mallner of f()rmation of rocktl and 
the be(ltl on the surface, 

they Pll",S benclith Lhe 
surflwe and ('an draw repl'I:'8(,Jlt.ing the strueture to a 

cOllsi<ierable uept.h. i:"3ueh a see~ioll is illust.ra1ed iIl flgure~. 

t'IGURR 2.-r\ketch ~howing a venieaJ section at the front and It landscape 
beyond. 

The figure represents a landHC'ape which is cut off sharply 
iu the foreground ou a vertical plane, so as to show the 
underground relations of t.hc roeks. The kinds of rock are 
indicaLed by appropriate patterns of lines, dots, and dashf:'-I:l. 
These patterns admit. of 111ueh variation, but those shown in 
Ggurc a are used t.o represent the eOIIlmoner kinds of roek. 

':l=cl"t<>n~HalHl~'Hl' 
glolJl<"c!l.te, 

ShaJylm19st0]1CS 

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

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

sHndstones, forming the cliffs, and shales, con.'ltituting t.he 
slopes. The broad belt of lower land IS t.raversed hy several 
ridges, which are seen in the scction to correspond to" the out­
C'rops of a hed of sandstone that rises to the surf~lce. The 
upturned f'dge8 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 surfaee their 
thickness can he mell'"mred and the angles at which they dip 
helm·" the sllrffwe ean be obscl'\"eJ. Thus their positions 
underground can be int"(·tred. The direvtion of the intersee­
tion of a bed widl a hOl~zontal plane is ealled thc ,~lrike. The 
iudinntion of the hed to the horizontal plane, measured at 
right angles to the strike, is called t.he dip. 

Tn many regions the strata are hent into troughH and nrehes, 
sllch as are seen in 2. The arches arc callt'(l anticlines 
and the troughs As the sandstones, shales, aud 
limestones were deposited beneath the sea in nearly flat sheets, 
the fltrt that dley are now bent. and fcildf'd is proof that forces 
haye from time to time caused the E'arth's surface to wrinkle 
along C'ertain zones. In places the ",trat.a arc broken across 
and the parts haye slipped eaeh other. ~uch breaks are 
tel'me(ljaults. Two kind", are ",hown in figure 4. 

At the rigl1t of figure 2 the section tlhows schists that arc 
tra ,"ellied by igneous rocks: The sehists nrc much contorted 
nnd their arrangement uwlerground can not llC inferred. 
Hence that. port.ion of the section delineates what is probably 
true but j~ not known by ohseryation or by well-fOlUldf'd 
inference. 

The sf:'dion also shows three set." of formatioIls, distinguished 
by th!:'ir underground rehttiolls. The uppermost set, ~een at 
the left, is made up of sandstOlws and HiJales, which lie ill a 
horizout.al position. These ~trat9 were laid dO'wn under water 
hut are now hi,2:h above the BOlt, forming a plateau, Hnd their 
ohange of ekmtion shows that u portion of the earth's mast< has 
beell uplifted. T!le strata of' thi", BeL are parallel, a relatioil 
wlJieh is called cm,ero/·muolC. 

The second set ('OnsistR of strata tlwt have be-en 
folded into a1"t'hes 1md troughs. These strata were OIlt'e t'011-
tinlloUR, but the crests of the arChf'B Iitl\Te b;'en rt'mo\-ed bv 
erosion. The beds, like those of the lin>t set, are conf'ormabl~. 

The horizont.al strata of the plateau reBt upon the upturned, 
eroded edges of thc heds of the :::;eeo]](l set. shown Ht HIe left of 
the section. The overlying flre, from their position, 
e,·identl)' younger than the deposits, and the bend-
ing awl t'Toding of the older beds must havc ocC'urred betwe~n 
tllf'ir deposition Itnd the accumulation of the yOllnger beds. 
The roeks arc to the older, and the 
suriuee ic 11ll "nconformity. 

The third set of formations ('onsisil,; of crystalline srhists and 
igncou", roe1o::s. At ",OIlle period of their history the l:lehists 
were folded or by pn-':::;sl1r.e and t.raversed by emptiolls 
of molt!:']] But the pressurE' and intrusion of igneous 
ro{'ks have liot affected 1he overlying stra1a of the second set.. 
Thus it is evidellt that a con",idemble int.enal elapscd between 
the formation of the sehisLs and the beginning of deposition of 
the st.rata of the seeond set. During tJlis interyal the sehi<;lts 
were metamorphoscd, they were disturbed by eruptive 
and they werc dceply eroded. The contact between the 
l:llld third sets i::; another uneonformiLY; it. marks a time 
intenal bet.\\een 'two periods 'of l'oek forrr;ation. 

The section and landseape in figure 2 are idf>al, but t.hey 
illustrntc aetnal 1'elalions. The sediolls on the stl'uetUrL'­
spction sheet are related to the maps as the seetion in the 
figure is related to the landscape. The profile of the surface 
in the section corresponds to t.he aetual slopes of the ground 
aloTlj.!; the section line, and tiIC depth from the surface of any 
min~ral-producing or water-bearing stratum that appears in 
the section may be measured usillg the seale of we map. 

Columnar secLion.-The maps arc usually accom-
panied by a c()lumna-i' :;('ction, which eontains It concise 
description of the sedimentary formationt-i that oecm in the 
qU~idrangle. It presents a summary of the filets relating to the 
eharader of the roeks, the thi(~kness of the formations, awl t.he 
order of aeeuIIlulation of Imeeessi ve deposits. 

The rocks are briefly described, and their ehamders are 
indiented in the eolumnar diagram. The thicklle",ses of fo1'­
illations are given in figutes that stnte the least lUld greatest 
meIL'lUl"ements, and the thieknesH of caeh formation il'l 
shown in the colulllTl, which dnlwn to w~ale. The order of 
aceuIllulation of t.he sediment", is shown in the eolumnar 
arrangement.-the oldest being at the hottom, the youngest at 
the top. 

The intervalt> of time that correspond to events of uplift. and 
degradation and eonstitute illterruptiontl of deposition are 
indicated graphically and hy the word" unconformity." 

GEORGE OTIS SMITH,. 
May, 1900. Director. 



DESCRIPTION OF THE DEMING QUADRANGLE. 

INTRODUCTION. 
RELApONS OF THE QUADRANGLE. 

The Deming quadrangle is bounded by parallels 32° and 
32° 30' and by meridians 1070 30' and 1080 and thus includes 
one·fourth of a square degree of the earth's surface, an area, in 
that latitude, of 1,008.69 square miles. It is in southwestern 
New Mexico (see fig. 1), a few miles north of the international 

FIGURE t .-Index ma.p of 8outhwe!tern New Mexico and adjacent regions 
in Arizona. and Texa", 

The location ot the DemlDI' quadrangle (No. 007) is ~hown by the da.rker rullng. LIghter rullll&' 
lIho ... otherqu.dr"nll'le~descrlbed!n toHo.: 1.'llI, CllttOD; 1110, E1Puo; IQ9,SllyerClty. 

boundary and is wholly within Luna County. The town of 
Deming, from which it is named, is near the center of the 
quadrangle. 

The quadrangle forms a part of the great region of open 
basins and short, detached, almost parallel mountain ranges, 
called the Great Basin, that lies south and southwest of the 
Rocky Mountain province and extends far south ward into 
Mexico. (See fig. 2.) The greater part of the quadrangle is 

FHl~JR:g 2.-~lief map showing the mountain ranges in southwest.ern New 
Mexico' and the deser t plains out of which they rise. 

occupied by bolsom or desert plains, which form a part of the 
wide belt of such plains that extend southwestward for many' 
miles from the valley of P ecos River. Its surface is broken, 
however, by Cooks Range and Florida Mountains, two of the 
short mountain ranges that characterize the region, as well 8S 

by several small groups of hills. The area is traversed by the 
wide but shallow valley of Mimbres River. 

A preliminary account of the survey' of the quadrangle and 
the surrounding region has been published.] 

1 Darion, N. R ., Geology and underground watel'lJ of J.Jnna County, 
N.Mex.: U. S. Geol. SUI'vey Bull. 618, 1916. 

By N. H. Darton. 

GENERAL GEOLOGY AND GEOGRAPHY OF SOUTHWESTERN 
NEW MEXICO. 

STRUCTURE. 

The Rocky Mountains extend into northern ~ew Mexico, 
but the southern part of the State is ch80racterized by detached 
mountain ridges separated by wide desert bolson8. Many of 
the ridges consist of uplifted Paleozoic strata lying on older 
granites, but in some of them Mesozoic strata 8olso are exposed, 
and a large amount of volcanic material of several ages is 
generally included. The strata are deformed to some extent. 
Some of the ridges are fault blocks; others appear to be due 
solely to flexure. The bolsons, some of which are 30 miles or 
more wide, are former deep valleys, now filled with Tertiary 
and Quaternary deposits, which in many places are more than 
1,000 feet thick and form a nearly level desert floor. This floor 
is deeply trenched by the Rio Grande, which flows through a 
valley 400 feet deep neal' EI Paso. In some areas lavas are 
interbedded with the bolBon deposits or have overflowed them. 
The ridges rise abruptly from a few hundred to more than 5,000 
feet above the bolsol1B and range in length from less than a 
mile to 90 miles and in places reach a width of 15 miles. The 
chief ridges of southwestern New Mexico shown in figure 2 are 
the Mimbres Mountains, Caballos .Mountains, Cooks Range, 
Black Range, Burro Mountain, Mogollon Mountain, Florida 
Mountains, Big Hatchet Mountains, Sierra Madre, a.nd P elon­
cillo Mounta.ins. 

STRATIGRAPHY. 

Pre';' Cambrian rocks. - Rocks of pre-Cam brian age are exposed 
at but few places in southwestern New Mexico. They outcrop 
in the Burro and Flotida mountains, in Cooks, San Andres, 
Caballos, San Cristobal, and SIerra Oscura ranges, and at 0. few 
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Paleozoic rocks.-The general relations of the Paleozoic rocks 
are shown in figure 3. 2 All the earlier Paleozoic rocks appear 
to be. absent from northern New Mexico, where the Pennsyl. 
vania11 heds lie on the pre--Cambrian roCks, but Mississippian 
and older rocks a.re extensively developed in the .southern nnd 
southwestern parts of the State, as shown iri figure 3. The 
Cambrian is represented by sandston~, which appears to extend 
throughout the southern half of the State. At some places the 
sandstone hll8 yielded Upper Cambrian fossils , and glauconite 
in disseminated grains is a characteristic fea.tore in many beds. 

Limestones of Ordovician age outcrop in all the larger ranges 
in southwestern New Mexico, notably in Cooks Range; in the 
Silver City region, in the Florida and Victorio mountains and 
other ridges near Deming, and in the Mimbres, Caballos, San 
Andres, and Sacramento ranges. They appeal' also in the 
Franklin Mountains, nea.r EI Paso. These limestones comprise 
strata of late Beekmantown and of Richmond ages, but they 
represent only portions of Ordovic~u time. Limestones of 
Silurian age are exposed in the Mimbres Range, at Silver City, 
in Cooks Range, in the Florida and Victorio mountains, and 
in the Franklin, San Andres, and Sacramento mountains. 

In central southwestem New Mexico the Devonian is repre­
sented by dark shale, to which the name Percha has heen given. 
The type locality is in the Lake Valley district. The southern­
most point at which the shale was noted is in Fluorite Ridge, 
a few milffi north of Deming. I t is exposed 'in Cooks Range, 
Mimbres, . San Andres, and Caballos mountains, and about 
Silver City, and it carries many distinctive species of fossils. 

The Devonian shale is succeeded by Mi8Sissippia~ limestone 
that apparently underlies much of westel'll· New Mexico south 
of the Ladrone Mountains but is absent from the Franklin , 
Mountains and from the Florida Mountains and other ranges 
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FICHJRE B.-GeneraJlzed columnar lIections showingthfrBtratigraphy of the Paleozoic sedimentary rocks in southwestern New Me:xlco and the 
correlation of the formations in the various localities. 

The locatlonl or sections are shown on the accompanying srnallindex map. The cwecter of the rooln II Indicated by the ,ymboll u.ed In the section •. 
Scale,lllleh_ lSOOfelt. 

other places. Granite and gneiBS are the principal rocks. In 
the Franklin Mountains, north of EI Paso, there are two pre­
Cambrian formations, the upper one a rhyolite porphyry more 
than 1,500 feet thick and the lower one (Lanoria quartzite) 
comprising about 1,800 feet of quartzite and some slate. 

in the southern part. of Luna County. In the· Mimbres Moun­
tains and in Cooks Range a formation of early . Mississippian 

I See also Darton. N. H .• A comparison of Paleozoic ~ection B ·in southern 
New Me:xico : U. S. Geol. Survey Prof. Paper lOS, pp. 81--.56, 1917 (Prot. 
Paper l08-C). J , 



age, called the Lake Valley limestone, is extensively developed; 
it is well represented at Silver City, in Fluorite Ridge, and in 
San Andres and ~ramento monntains. The later Carbon­
iferoLls rocks are of widespread occurrence and great thickness 
throughout New Mexico. They consist of limestones in the 
lower part and of red beds, limestone~, and sandstones in 
the upper part. Limestone increases toward the south, and in 
the Franklin Mountains no red beds appeal'. Limestone also 
predominates about Silver City, but in Cooks RUllge dark shale 
is the principal rock. In central New Mexico the upper part 
of the series is called the Manzano group and the lower part 
the Magdalena group. The upper part is prominent in the 
Florida Monntains, about Tres Hernwnas Mountains, and in 
some other ranges in southern New Mexico and lies uncon­
formably on limestones of Ordovician and Silurian ages. 

}fesozoic rocks.-In Cooks Range and in the Florida Moun­
tains the rocks of known Pennsylvanian age are separated from 
the known Cretaceous strata by a thin formation consisting 
largely of conglomerate, which is of undetermined age but 
which is here tentatively classified as Triassic (?). 

Probably Cretaceous shales underlie many of the wide bol­
sons of southwestern New Mexico, but rocks of that age are not 
extensively exposed. Sandstones of the Comanche series out­
crop in Cooks Range, in Fluorite Ridge, and near Silver City 
and are in places overlain by Colorado shale. In the southern 
part of the State impure limestones of Comanche age appear. 

Cenozoic rocks.-In southwestern New Mexico the Tertiary 
system is represented mostly by igneous rocks, partly frag­
mental and partly surface flows, but definite evidence as to 
their exact age is lacking. Theil' outcrops are extf'llsive, and 
doubtless these materials underlie pOl'tions of the bolsons also. 
The many flows included in this Tertiary succession present 
a certain sequence in places, but the relative positions of some 
of the sheets have not been determined and it is difficult to 
distinguish between Tertiary and Quaternary eruptive rocks. 

The principal Quaternary deposits are widespl'ead sheets of 
sand, gravel, and clay, which occupy most of the great desert 
plains. In southwestern New Mexico the plain built of Qua­
ternary deposits extends from the Rio Grande to the Conti­
nental Divide aud merges into all the larger valleys 01' bolsons. 

CLIMATE. 

The climate of the region is similar to that of the 'wide 
district extending from western Texas to the eastern part of 
southern California. The winters are mild, and althongh in 
summer the temperature at midday is high, the air is so dry tllat 
the heat is more endurable than the heat of the Eastern and 
Central States. As the altitude of the greater part of the 
bolson area ranges from 4,200 to 4,800 feet, the heat is much 
less than in the lower lands of the South'west. The rainfall is 
small, il,veraging less than 10 inches a year in tile lowlands and 
reaching its maximum in July, August, and September. On 
the mountains the precipitation is greater, as the higher lands 
receive many snows and showers which do not extend over the 
valleys. The region lies far south of the normal storm track 
extending across the central United States, and in consequence 
the weather is much more uniform than iu districts farther 
north. Nearly 300 days a year have sunshine for the greater 
part of the day, and long cloudy periods and storms are rare. 
The following figures of precipitation, tempemture, and frost 
are taken from publications of the 'Veather Bureau: 

Precipitation, in inches, at Deming, N. Mex. 

1008. First kUling frost Oct. u; last, Mllr.ln; 28 rlliny dllyS; 281 clear; 91 part cloudy; 44 
cloudy; 1 toot omow. 

1900. First kUlfng troat Oot. 9; Ilist. April 28; 28 rainy days; ~OOclear; 107 part cloudr; 28 
cloudy; 101 IncheBSIlOW. 

1910. Fh'et k!lUlIgfrost Oct 20; ia.st,1I[e.r.80; 14 rainy de.y.; 181lclee.r; 186 pllrt cloudy; 00 
clouJy; noanow. 

lml. First kUling frost oct.~; lllst, Mllr.lS; 40 rlliny days; 167 clear; .1:l{) part cloudy; 96 
cloudy; 5 fnches snow. 
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The mean monthly and annual temperatures of the Deming 
region are much more uniform than the rainfall. The hottest 
mouth is June in some years and July or August in other 
years. December is usually the coldest month. 

Monthly and annual temperatures, in degrees Fahrenheit, at Deming, 
N. ,Vem. 

VEGETATIO::-T. 

The natural vegetation of the region is of the kind that 
results from an arid climate. The bolsons bear scattered 
shrubs and grasses, locally groves of scrubby mesqnite, and 
more or less yucca. The mountains are mostly rocky slopes 
that bear only a few small trees, sotol, and cacti of various 
kinds. N ear th~ springs and at some of the old rauches small 
clumps of C'ottonwood are found, but along the dry arroyos the 
yucca is the dominant growth. Yucca also grows extensively on 
the sandy plains and at the foot of the ridges. In the Florida 
Mountains and on Cooks Range there are scattered junipers 
and some small pines. Grasses grow sparsely on parts of the 
bolsons and aft'ord scant pasturage for cattle, except in unusu­
ally dry periods, 'when it becomes very scarce. 

SETTLEMENT. 

The Deming quadrangle is thinly populated, and large areas 
are not settled at all. The principal town is Deming, a city of 
about 3,200 population. It has been in existence many years 
and of late has shown considerable growth. Hondale and 
lola are small villages, and at Carne, Spalding, Tunis, and 
Mountain View there are a few houses. Parma and Luxor a.re 
only railroad sidings. Formerly the only inhabitants in the 
country surrounding Deming lived at the widely separated 
cattle ranches. The yery few roads led straight across country 
from one settlement to another. Recently a large number of 
settlers ha ye come into the region, taken up homestead claims, 
and installed irrigation plants. The development of home­
steads has resulted in the clearing and fencing of an extensive 
district, and accordingly many of the roads have been changed 
to follow section lines. 1\:1ost of the ranches are in the wide 
plain south and southeast of Deming. Some are scattered 
along the Mimbres Valley as far as Birchfield ranch, several 
are neal' Spalding and east, north, and southeast of Red 
Mountain, and a few are at other places. The quadrangle is 
crossed by the main line of the Southern Pacific Co. and by 
the Silver City branch of the Atchison, Topeka & Santa Fe 
Railway. The Deming branch of the El Paso & Southwestern 
Railroad also crosses part of it. Years ago a line was graded 
from Deming southward through Columbus into Mexico, but 
the rails were not laid. The grade remains and is utilized as 
,a public road. The old Butterfield trail crosses the northern 
part of the quadrangle and was much used as an emigrant road 
in earlier days. Fort Cummings, now abandoned aud in 
ruins, was then a military post with troops to convoy travelers 
through the mountain pass on the west, 'where at times the 
Apache Indians were a serious menace. 

TOPOGRAPHY. 

RELIEF. 

General features.-The principal features of relief are the 
ridges constituting the southern termination of Cooks Range 
and the Florida and Little Florida mountains. These three 
prominent ridges extend from north to south across the eastern 
half of the quadrangle, and the Tres Hermanas l\fountains"a 
short distance south of the quadrangle, are. apparently part of 
the same range. The gap between Cooks Range and the 
Little Florida Mountains is 6 miles wide. Red Mountain and 
Black Mountain are two prominent isolated buttes rising out 
of the bolso11 west of Deming, and there are a few other low 
rocky mounds, among which the Burdick Hills, Snake Hills, 
and 'Vhite Hills are conspicuous. About 80 pel' cent of the 
area is a plain, nearly level but sloping gently into the wide 
central valleys and rising steeply at the base of the ridges. 
The altitude of this plain is about 4,350 feet above sea level 
neal' Deming and about 500 feet higher in the northwest 
corner of the quadrangle. It slopes down to about 4,050 feet 
in the southeast corner, which is the lowest point in the area. 
The highest point is a summit of the Florida Mountains, at 
Arco del Diablo, which is slightly higher than 7,400 feet above 
sea level. 

Mountains.-The southern half of Cooks Range extends 
about 12 miles into the Deming quadrangle, and its higher 
ridge3 are prominent topographic features. Cooks Peak, the 
culminating summit of the range, with an altitude of 8,408 

feet, lies 1';- miles north of the margin of the quadrangle. 
South of that peak the altitude decreases sharply to 7,200 feet 
at latitude 32° 30' and to 5,125 feet in the pass west of Fort 
Cummings. South of that pass the range is continued by a 
series of detached ridges and knobs, some of which rise to 
5,500 feet., as far as the railroad northeast of Mirage siding, 
,,,here the altitude is ..about 4,500 feet. Fluorite Ridge (alti­
tude 5,700 feet) a.ud Massacre Peak (5,450 feet) are outlying 
ridges. 

The main ridge of Cooks Range is cha.racterized by rugged 
slopes and irregular summit knobs about Cooks Peak flanked 
by a succession of clift's rising in huge steps, a feature due to 
the alternation of harder and softer beds'of limestone lying 
nearly horizontal. A part of the range, known as Sarten 
Ridge, is 'Characterized by high clift's of sandstone facing north 
and east and by long slopes in the opposite direction. This 
ridge dies out 3 miles south-southwest of Fryingpan Spring. 
Fluorite Ridge has rocky slopes of sandstone on the north 
and east sides, porphyry ridges on the south side, and a high 
limestone knob at the southeast cornel'. Goat Ridge lies a 
short distance northwest of Fluorite Ridge. Volcanic rocks 
in successive sheets and masses form a series of ridges and 
knobs, several of them rising to an altitude of 5,500 feet, that 
extends for some distance along the east side of Cooks Range 
and south of Fort Cummings and reaches southeastward 
beyond the end of Sarten Ridge. 

The Florida Mountains form a high, rugged ridge, in 
greater part single crested, which begins 9 miles southeast of 
Deming and extends 9 miles farther south. Its higher sum­
mits exceed 7,000 feet in altitude, 'or nearly 3,000 feet above 
the adjoining bolson. The highest peak, which is just above 
the Arco del Diablo, has an altitude of about 7,400 feet. One 
of the peaks near the south end of the ridge rises to 7,200 
feet, and Gym Peak is slightly higher than 7,000 feet. The 
ridge is crossed by seyeral gaps at altitudes of 6,000 to 6,400 
feet, and a prominent outlying butte at the north end of the 
mountain has an altitude of 5,600 feet.. The greatest width of 
the mountain, near Gym Peak, is nearly 6 miles, but its 
average width is considerably less. The surface of the moun­
tain, which is one of the steepest and roughest in the South­
west, is practically all bare rock, presenting steep slopes, with 
mauy precipices and pinnacles. 'l'hree kinds of topography 
are represented-on the north, a rugged mass of yolcanic 
agglomerate weathered into crags and pinnacles (see PI. II) j 
on the south, precipitous cliffs and peaks of granite; and on 
the southeast, the Gym Peak ridge mostly limestone, with long 
rocky slopes due to steeply dipping strata. The Arco del 
Diablo is an archway eroded through a high waH of agglom­
erate neal' the top of the highest part of the ridge. As shown 
in Plates I and II 011 the illust.ration sheet the mountains rise 
very abruptly out. of the surrounding bolson plain. 

The Little Florida Mountains lie nort.h of the Florida 
Mountains, from which they are separated by a low gap about 
half a mile wide, filled with bolson deposits. The ridge is 

. about 6 miles long, with south~southeastward trend, and has a 
maximum width of slightly more than 2 miles, The sides are 
steep, and the top is in part an irregular plateau with knobs 
and low' ridges, the highest of which have an altitude of 
slightly more than 5,600 feet, or 1,400 feet above the plain. 
The Horth end of the mountain consists of an outlying butte 
about 600 feet high, separated from the main ridge by a low 
rocky gap. The steep west face of. the mountain consists of a 
thick cap.' produced by a succession of sheets of igneous rock 
lying on softer beds. Some of the steps and irregulari~ies at 
the southern end are due to faulting. The east slope in places 
consists of coarse agglomerate,. mostly in steep cliffs deeply 
cut by canyons. 

Black Monntain .rises ahruptly from the bolson about 9 miles 
due northwest 'of Deming. (See Pl..IX.) It trends nearly 
east and. west" its crest line gradually rising at the west end 
to a small knob~like summit 5,376 feet above sea leveL and 
900 feet above its base. The dark polor of its thick cap of 
basalt has given the mountain'its name. 

Red Mountain is a large conical butte, rising abruptly out 
of the bolson 10 miles southwest of Deming. Its altitude of 
5,418 feet is nearly the same as that of Black Mountain and it 
rises to approximately the same height above the surrounding 
plain. Red Mountain is nearly bare of soil and consists 
mostly of ledges of igneous rock, with long talus slopes of loose 
slabs along its base. 

The conical buttes rising out of the bolson 3 miles south of 
Red Mountain are known as the Snake Hills. They are from 
100 to 200 feet high, and in greater part their slopes are steep, 
with limestone ledges and clift's due to the alternation of hard 
and soft beds. The higher knobs are formed of more resistant 
cherty beds. 

Bolsons.-The wide valleys or bolsons which constitute a 
large part of the Dem'ing quadrangle have a general rise from 
southeast to northwest. Theil' altitnde in the southeast cornel' 
of the quadrangle is 4,000 to 4,100 feet, and they attain an 
altitude of 4,800 feet 3 miles northwest of Spalding, an up­
grade of about 750 feet in 44 miles, 01' about 17 feet to the 



mile-but the rate is considerably higher from Deming north· 
ward. The bol.on .urface app..,.. to be perfectly fiat except 
for some few low mounds of sand and shallow arroyos. Near 
the mountains the bolson slope becomes much steeper or 
gives place to long, stoping alluvial fans, which are especially 
con.picuou. about the Florida Mountains. (See PI. II.) 

DRA.INAGE. 

The main stream in the Deming quadrangle is Mimbres 
River, which has a surface flow only in times of exceptional 
rainfall. Ita freshet flow has not been known to resch beyond 
the centrBI part of T. 25 S., R. 7 W., where the channel, 
spread. out widely in the deeert bottom. Nearly every y_ 
the water p9.SSe8 Spalding at times of heavy rainfall. Not 
infrequently it extends to Deming and beyond, but its flow 
period is very short and for the greater part of the year its 
bed in the Demiug quadrangle is dry sand. (See PI. VI.) 
An important afflueut is San Vicente Arroyo, which joins the 
Mimbres a mile south of Spalding and in time of flow brings 
a large volume of water from the Silver City district. The 
drainage of Cooks Range, Little Florida Mountains, and the 
east side and north end of Florida Mountains belongs to the 
main Mimbl'E's system but rarely reaches the river channel. 
A line from Red Mountain to White Hills and the center of 
the west side of Florida Mountains approximately defines a 
watershed, south of which the surface slopes into the valley of 
Palomas Arroyo, whose channel crosses the southwest corner 
of the quadrangle. This arroyo pas .. s through the gap at the 
south end of Florida Mountains and into the southern exten. 
sion of the Mimbres valley near the international boundary 
line. This valley extends into a large inclosed basin in 
Mexico. 

DESCRIPTIVE GEOLOGY. 

STRATIGRAPHY. 

ROCK FORMATIONS. 

The rocks of the Deming quadrangle are in part of sedi· 
mental'Y and in part of igneous origin. The sedimentary 
rocks range in age from Cambrian to Quaternary and include 
strata known to belong to all the systems except the Triassic 
and Jurassic, but the Silurian, Devonian, and Cretaceous 
systems are only slightly represented. 'fhe Paleozoic and 
Mesozoic strata consist of widespread sheete of limestone, shale, 

FIGURE 4.-Generalized eolumnar seotion of the rooks of the Deming quad· 
rangle, N. Mex. 

Scale, 11Dch=1,OOOteet. 

and sandstone, which belong chiefly to the Ordovician, Car-­
boniferous, and Cretaceous systems. The Cenozoic deposits 
consist in part of volcanic agglomerate and other pyroclastic 
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rocks of Tertiary age, interbedded with more or less ordinary 
detrital sediment, and in part of clay, sand, and gravel of 
Quaternary age, filling the former deep valleys between the 
m~>untain ranges and forming the extensive bolson deposits. 
Prdbably considerable areas of the bolBons are also underlain 
by Tertiary and Cretaceous rocks. The sequence, thickness, 
and general character of the beds are shown in figure 4. 

The igneous rocks are in part of pre-Cam brian and in part 
of Cenozoic age. The pre--Cam brian rocks are granite and 
associated small masses of other crystalline rocks, that form a 
floor upon which the .tratified rocks are deposited. The 
Cenozoic igneous rocks are in part intrusive porphyry, and in 
part latite, andesite, and rhyolite of Tertiary age, mostly in 
effusive flows extensively interbedded with the pyroclastic 
deposits, and basalt flows of Quaternary age. There are also 
intrusive sheem, stocks, and dikes cutting the older rocks. 
The whole complex of Tertiary igneous rocks and inclosing 
beds is undoubtedly the product of a single epoch of great 
volcanic activity. 

SEDIMENTARY ROCKS. 

PRE--CAM:BRIA.N ROCKS. 

The sedimentary rocks of the quadrangle lie unconformably 
upon a floor of pre-Cambrian crystalline rocks. The basal 
contact of the sedimentary rocks is exposed in a number of 
places in the quadrangle, and everywhere the underlying rock 
is granite of a rather uniform type. The age of the granite is 
not known, except that it is pre~Cambrian. Associated with it 
are small masses of rock of syenitic or monzonitic character and 
of granite porphyry. The granite is cut by a few homblendic 
dikes of unknown age. Some portioDs of the granite and asso· 
ciated rocks are gneissic and possibly may be inclusiOons derived 
from a" complex of older rocks. The rocks associated with the 
granite are not mapped separately. 

GBA!fITE. 

DiBtrihution.-The granite is most prominently exposed in 
the southern half and on the southwestern slope of the Florida 
Mountains, where it occupies an area of more than 30 square 
miles and forms peaks ap.d ridges which rise 2,500 feet or more 
above the adjoining bolson. It is also exposed on both the 
southern and the northern slopes of Fluorite Ridge, on Goat 
Ridge, and in the Pony Hills. It may be of wide extent 
immediately beneath the bolson deposits. 

RelationB and age.-The granite ill! overlain unconformably 
by the Bliss sandstone, of Upper Cambrian age. At the con-' 
tact the usual features of shore deposition are displayed-a 
slightly irregular floor of granite overlain br coarse sediments 
showing no evidence of metamorphism. At numerous places 
the granite is in contact with other Paleozoic rocks, but these 
contacta are faults. On the .Iope 2 miles south of Gym Peak 
the granite is 80 intricately faulted that it appears to include 
and to penetrate the upper part of the Gym limestone, but the 
limestone is not metamorphosed, the granite retains its coarse 
grain up to the contact and shows evidence of crushing, and 
the relations indicate a complex overthrust along several planes. 
In the Pony Hills the granite may be overlsin by the Sarten 
sandstone, which would indicate Q great overlap; but faulting 
is more likely. 

Oharacter.-The granite is chiefly a massive coarse--grained 
pale-reddish to light greeni.h-gray rock, weathering into rogged 
forms of brownish tint. There are some local variations in 
character and composition, notably the development of band· 
ing or gneissic structure in a few places. There are also small 
included masses of darker rocks, mostly dioritic and por· 
phyritic, some of which may represent an older complex, as 
suggested, and some of which may be younger intrusive 
maB8e8. 

Petrography. I-Most of the granite is of uniform mineralogic 
constitution, consisting essentially of quartz, feldspar, chlorite, 
and iron oxides, but in general the granite in the Florida 
Mountains contains a larger proportion of sodic feldspaI'S than 
that in Fluorite Ridge. The granite near and south of Capitol 
Dome consists almost entirely of feldspar and qnartz, the former 
predominating. Microscopic examination shows the feldspar to 
be a peculiar microperthitic intergrowth of orthoclase and albite 
or oligoclase. The quartz crystals are somewhat deformed. 
Ferromagnesian minerals, other than magnetite, arE( ""entirely 
altered to aggregates of chloritic material mixed with magnetite 
or hematite. The outlines indicate the former presence of mica, 
which, however, was not abundant. Magnetite, apatite, and 
zircon are accessories. 

The Iight-<lolored granite of the Florids Mountain •• hows 
some local variations from the type described, but the outcrops 
are of small extent. In one area, south of Capitol Dome, 
the rock contains abundant quartz, microperthitically inter-­
grown orthoclase and albite, and aggregates of green chlorite 
and of yellowish secondary biotite and magnetite, which is 
fairly abundant. Accessory min81'als are zircon and apatite. 
The rook is gray to drab in color, of rather fine texture, 

I The petrogra.phic descriptions in this folio were prepared by John 
L. Rlob. 

and is in places somewhat" porphyritic. ,A :oor~l pinkish 
granite from .outh of The Park differs from the type only in 
having a higher proportion of quartz and, perhaps, a more 
pronounced red color. The red color of this, BS well as of 
most of the granite of the Florida Mountains, is due, in part, 
to staining by hematite, which,"as a product of the decompo-­
sition of the mafic minerals, haa spread into the cleavage cracks 
of the feldspar and into the fracture planes of the quartz 
crystals. 

In the granite of Fluorite Ridge the albite and the ortho· 
clase are in separate crystals, but the rock is closely similar 
to that of the Florida Mountains in most of its features. 
The granite of the Pony Hills is mostly of light pinkish-gray 
color and of uniformly medium coarse texture, the crystals 
averaging from 2 to 5 millimetel'El in diameter. Pink and 
white unstriated feldspar, quartz, and biotite are the most 
noticeable minerals in the granite, with smaller amounts of 
dark minerals. 

Gn.eil8io pha8e8.-Portions of the granite on the slope south 
of Capitol Dome are gneissic. At one place a fina.grained, 
light-gray granitic or aplitic gneiss is composed almost entirely 
of quartz and feldspar, with very subordinate ferromagnesian 
minerals. Gneissic banding, revealed by the stringing out of 
the dark constituents, is distinct. Microscopic examination of 
the powdered rock shows abundant qual'tz~ orthoclase, and 
albi"te in about equal proportions, and subordinate biotite; 
generally altered to chlorite. At !another place not' far distant 
the granite is gray to drab and is notably granulated. The 
microscope reveals a medium.grained, slightly porphyritic 
texture, with perthite (orthoclas~ and albite)" and quartz 88 

essential minerals. The quartz crystals are markedly granu· 
lated, and fragments of them are pressed into the" feldspars. 
Ferromagnesian minerals are represented by secondary aggre­
gates of deep-green chlorite and yellow biotite. Accessory 
minerals are apatite, magnetite, and considerable zircon. 

The gneiss occurring in large fmgments in the breccia on 
the southern slope of Fluorite Ridge is a gray rock, consisting 
of quartz, feldspar, and brown.green biotite, of" typical granitic 
character but having pronounced gneissic banding. The feld .. 
spar crystals, whose maximum length is 3 millimeters, are 
mostly orthoclase and microcline, with subordinate albite. 
The pink orthoclase in the gneiss gives it a pink to purplish 
tint. 

A somewhat similar gneissic granite oecurs in places in the 
Pony Hills. It is rather fine grained, of dull-gray color, and 
has a well-defined banding. 

A third notable variety of gneissic granite outcrops on the 
lower slope of Fluorite Ridge half a mile southwest of Fluor 
Camp and about 500 yards south of the breccisju.t described 
It is of bright.red color and of medium~grained, evenly gran· 
ular texture, with gneissic banding only slightly developed. 
Individual crystals measure 3 millimeters in diameter: The" 
minerals visible are pink feldspar, quartz, and subordinate 
altered ferromagnesian silicates. Under the microscope the 
rock exhibits strong granulation, as most of the quartz is 
crushed into small fragments. The feldspar is microcline 
and albite in about equal proportions. Most of the microcline 
is fresh, but the albite is considerably altB1'ed to sericite. 
Another product of alteration is an iron stain that gives the 
rock a red color. Green, strongly pleochroic" chlorite is the 
principal ferromagnesian mineral. Apatite" is an abundant 
accessory; magnetite is rare. 

Although these three granitic gneisses exhibit differences in 
color, texture, gneissic banding, and granulation of the com· 
ponent minerals, they are closely similar in composition and 
are doubtless all of the .ame age. 

Part of the granite at the foot of Fluorite Ridge, southwest 
of Fluor Camp, is notably porphyritic. It is of marked green 
color and shows scattered phenocrysts of pink orthoclase, 2 
centimeters in length and 1 centimeter in width, embedded in 
a granular matrix composed essentially of abundant biotite and 
quartz and of light·green sericitized albite in crystals, some"of 
which measure as much DS 1 centimeter across. The micro· 
scope shows also a subordinate amount of microcline in the 
groundmass, in addition to the cloudy sericitized albite. 
Access9ry minerals are apatite, magnetite, and leucoxene, 
probably derived from original ilmenite. The rock has been 
crushed, for the quartz shows much granulation and undula"·: 
tory extinction. There is a slight tendency toward gneissic 
banding revealed by the arrangement of the mica flakes. 

ROCKS AS80CJA..TBD WITH eBAlIlITB. 

Gray granite. - The granite of the Florida Mountains 
includes some masses of rocks, of a character somewhat dif· 
ferent from normai, which eutcrop on the slope west of Areo 
del Diablo, in the pass east of The Park, and at other places in 
the central and southern parts of the mountains. They are 
either inclusions or local developments of the ordinary pinkish 
granite, or possibly they are irregular dikes of post.Cambrian 
intrusion. 

The rock is moderately coarse g~ined, the crystals averaging 
a.bout a centimeter in diameter. Fresh specimens have a slaty 



spe(>imens unstriated feldspar and subordinate quartz, much of 
hlue to drab color and weather yellowish brown. In the hand 
it interstitial, are the only minerals recognizable. Microscopic 
examination of the powdered rock shows that the feldspar is 
mainly anorthoclase, with a little orthoclase and some albite. 
There is considerable variety in the amount of' quartz in the 
granite from different outcrops. Rock from the slope west of 
Arco del Dhlblo contains a moderate amount of quartz but 
much less than it normal granite, and the rock from the pass 
northeast of The Park contains nOlle that could be detected 
with the hand lens. although a little could be seen in the 
powdered rock. A finer.grained, more siliceous phase at the 
"'Vindow Mountain" mine, southwest of Areo del Diablo, 
differs from the coarser variety in containing a greater umount 
of quartz and slightly more orthoclase, and in the size of its 
component crystals, which do not average half the size of those 
of the other. A closely similar rock is associated with the 
granite just south of Capitol Dome. In it, as in the coarser 
variety first described, anorthoclase and albite are the domi­
nant feldspars. This rock is in turn cut by a fine-grained 
dike of altered diahase. 

In these ext..:eptional rocks the sodic feldspars, anorthoclase 
nnd albite, are predominant, and orthoclase, although present 
in small amounts, is distinctly subordinate. 1'he quartz is 
subordinate, indicating a transition to syenite. The color of 
the rocks, blue-gray when fresh, greenish or bfO'wnish yellow 
when weathered, distinguishes them from the typical granite, 
which always has a pronounced pink or red cast. 

Granite porphyry.---8ome rocks cutting or included in the 
granite of the Florida Mountains approach sodic granite por­
phyry in character, but as they are rocks of intermediate com­
position they are difficult to classify definitely. The more 
siliceous types approach the sodic granite porphyries, and the 
more mafic are related to the quartz monzonite porphyries. 
All are moderately dark and haye a general greenish-gray cast. 
White feldspar phenocrysts, 15 millimeters across) lie in a 
darker fine-grained groundmass. In some of the rocks of this 
class, included in the granite along the southern slope of the 
Florida Mountains, the porphyritic character is la{!king. Micro­
scopic examination sho'ws that the phenocrysts are prevailingly 
albite, but at one locality, a quarter of a mile southeast of 
Capitol Dome, part of the phenocrysts are perthitic inter­
growths of orthoclase, albite, and oligoclase in various pro­
portions, quartz, green hornblende, and subordinate biotite. 
Quartz is everywhere present but in various amounts; in 
genera,} it is subordinate and interstitial. The dark silicates 
are in inverse proportion to the amount of quartz. They 
include augite, green hornblende, and biotite. Hornblende is 
the most abundant and is evidently, at least in part, an altera­
tion product of the augite; for in some places cores of unaltered 
augite surrounded by green hornblende still remain. Biotite 
is the brown variety, with pleochroism from yellow to deep 
brown, in places altered to green chlorite. Accessory minerals 
include magnetite, ilmenite, apatite, titanite, and a little pyrite. 

Hornblendio dike8.-The dark rock of the dikes cutting the 
granite southwest of Capitol Dome is an amphibolite com­
posed mainly of hornblende and subordinate feldspar. The 
roC'k associated with the granite and probably cut by it half a 
mile southwest of Fluor Camp is of similar character. More 
or less gneissic banding is developed at both places. The rock 
south'west of Fluor Camp is almost black, and the banding is 
brought out by white specks of feldspar. The texture varies, 
but some crystals are as much as a centimeter across, and the 
larger ones lie in definite bands. Under the microscope the 
powdered rock shows green hornblende as well as feldspar 
ranging from oligoclase to andesite. 

The rock south of Capitol Dome is finer grained, and the 
feldspar is albit€l. Quartz is also present in small amount. In 
this vicinity the granite is cut by a dike or includes a mass of 
porphyritic diorite containing white labradorite crystals meas­
uring 8 millimeters across, which cqntrast strongly with the 
dense, dark-green to black, fine-grained groundmass. The 
labradorite is considerably altered to sericite. The ground­
mass consists of laths of andesite-labradorite, between which is 
packed an aggregate of secondary green hornblende, subordi­
nate biotite, perhaps also secondary, and chlorite. Magnetite 
and ilmenite or leucoxene are abundant accessories. 

CAMBRIAN BYSTEX. 

l·PPER CA~IBIUA~ SEIUES. 

Name and di8tribution.-Lying on the eroded surface of the 
granite and forming the base of the Paleozoic strata is a sand­
stone that stratigraphically and lithologically so closely resem­
bles the Bliss sandstone of the El Paso quadrangle that the 
name Bliss is here applied to it. It is exposed in the Florida 
Mountains for about a mile on the slope west of Capitol Dome, 
for about half a mile in the cliffs east of The Park, and on the 
slope north of Gym Peak. It outcrops aleo on the southeast­
ern slope of Fluorite Ridge, just west of Fluor Camp. 

Character and thiokness.-The formation consists of gray to 
buff massive sandstone, partly quartzitic, in beds 30 to 40 feet 
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thick, separated and overlain by beds of slabby sandstone and 
of sandy shale containing much green glauconite in dissemi­
nated grains, a feature characteristic of later Cambrian rocks in 
other places in the West. The upper beds contain a few limy 
layers. 

The exposed thickness is about 200 feet in the north elld of 
the Florida Mountains, about 160 feet on Fluorite Ridge, and 
considerably l~ss near Gym Peak. 

Relations.-The basal contact is well exposed for nearly a 
mile on the northwestern side of the Florida Mountains, where 
the coarse sandston,e lies on the slightly uneven eroded surface 
of the granite. (See PI. IlL) The basal beds are arkosic and 
pebbly. In the exposures west of Fluor Camp the basal 
quartzite stands nearly vertical and appears to be separated 
fl'om the granite by a small fault. 

At the top of the formation the sandstone grades into sandy 
shale and sIahby sandstone, which give place abruptly to the 
EI Paso limestone without discernible evidence of erosional 
unconformity to represent the supposed intental between the 
deposition of the two formations. 

Age and oorrelation.-No fossils have been found in the 
formation in the Deming quadrangle, bnt in the Franklin 
Mountains near EI Paso, the type locality, the Bliss sandstone 
contains Upper Cambrian fossils. Its stratigraphic relations 
and general character indicate that it is equivalent to the 
"Shandon quartzite" of central New Mexico and to the basal 
s!lndstone of the Silver City region. 

ORDOVICIAN SYSTEM. 

In the Deming quadrangle the Ordovician system is repre­
sented by a thick deposit of limestone, the lower part of which 
is of Beekmantown (Lower Ordovician) and the upper part of 
Richmond (Upper Ordovician) age. A large part of Ordovi­
cian time, however, is not represented by deposits, the whole 
of the Middle Ordovician and parts of the Upper and Lower 
Ordovician being absent, so that there must be an unconform­
ity between the formations. On the basis of lithology, fossils, 
and stratigraphic position the lower formation has been corre­
lated with the El Paso limestone of the El Paso quadrangle, and 
the upper formation wHh the Montoya limestone of the same 
quadrangle. In most places it is difficult to determine the upper 
limit of the Montoya and to separate it from the Fusselman 
limestone, of Silurian age, which overlies it nearly everywhere. 
Therefore the Montoya and Fusselman limestones ha.ve not 
been separated in this folio but are mapped together. 

LO,\YER ORDOVICIAN SERIES. 

General cha1'aote1'.-The EI Paso limestone, 500 to 800 feet 
thick, consists mainly of light.gray slabby limestone and 
dolomitic limestone. It begins abruptly at the top of the Bliss 
sandstone and ends abruptly at the base of the Montoya lime­
stone. Portions of the formation are slightly cherty, and some 
beds contain considerable sand 01' clay. Pale reddish-brown 
elongated blotches on the bedding planes are characteristic, 
and the slabby bedding and light tint on weathering are also 
distinctive of the formation. 

Distribution and ooou1'rence.-The most extensive outcrops 
are in several localities in the Florida Mountains and in the 
Snake Hills. A smaller area is exposed in the southeastern 
part of Fluorite Ridge. 

The exposures in the Florida Mountains neal' Capitol Dome, 
east of The Park, and north of Gym Peak show all the 
beds. Small outcrops of the upper beds lie at the foot of the 
western slopes of the two ridges west of The Park. The out­
crop west of Capitol Dome extends for more than a mile along 
the lower slope of the mountain, rising steeply from the ledges 
of BUss sandstone to the dark massive limestone at the base of 
the Montoya and in places to unconformable overlap by the 
Lobo formation. At this locality the beds are about 800 feet 
thick. The rock is gray limestone, in part dolomitic, and con­
tains a few layers Qr nodules of chert. Most of it is light gray, 
in beds 2 to 6 inches thick, but about 140 feet of the basal 
beds is more massive and much darker than the rest. The 
exposures east of The Park-on the summit and on the west­
ward-facing slope-show about 700 feet of beds lying on Bliss 
sandstone and capped by Montoya or Gym limestone. The 
formation is exposed extensively on the northern slope of the 
Gym Peak ridge and in outlying ridges on the north, where it 
underlies the Montoya and is cut by several faults. Its thick­
ness appears to be fully 800 feet and possibly more, notably in 
one long section of nearly vertical beds on the north side of the 
draw about l~ miles due northwest of the peak. A small mass 
lies just north of the road haIfa mile east of ByeI' Spring. On 
the slope a mile southeast of the spring the formation includes 
a thick mass of brown chalcedony, apparently due to local 
replacement of some of the limestone, and other similar masses 
appear along a fissure on the slope east of The Park. 

The formation constitutes the central and eastern parts of 
the Snake HiI1s, where the thickness exposed is not more than 
700 feet. The lowest beds exposed at the east end of the 

ridge are a typical light-gray slabby limestone, which extends 
to the first knob west of the county road, where it gives place 
abruptly to dark massive sandy limestone at the base of the 
Montoya. The contact displays u:t;lconformity by planation, 
with some slight channeling. 

The formation also outcrops for nearly a mile in the knob 
just west of Fluor Camp, where it lies on or against Bliss 
sandstone, and its nearly vertical beds are so crushed that a 
thickness of only 400 feet is exposed in the eastern part of the 
knob and somewhat less farther west. 

F088ils and age.-Fossils are scarce in the formation, but a 
few were found in each area of exposure. They were examined 
by Ulrich and Kirk and most of them found to be a species of 
Ophileta, of Beekmantown age. A few fossils were collected 
from light-gray limestone near the top of the formation. 
Those found at this horizon in the Snake Hills were identified 
by Ed win Kirk as Dalmanella cf. D. pogonipemw Hall and 
'Vhitfield and HOl'motoma sp. On the west slope of Gym 
Peak were found Strophomena? nearS. nemea Hall and 'Vhit­
field, Hormotoma sp., and Troohonema sp. The brachiopods 
are close to forms described from the upper part of the 
Pogonip limestone, of the Eureka and White Pine districts 
in Nevada, and indicate late Beekmantown age. On the 
evidence of these fossils and on its close similarity in lithologic 
character and stratigraphic relations the formation is correlated 
with the El Paso limestone of the type locality in the Franklin 
Mountains, near El Paso. It also represents the lower part 
of the Mimbres limestone, liS it has been called by Gordon, 
in the region north of the Deming quadrangle. 

UPPER ORDOVICIAN SERIES. 

General cha1'aoler.-The Montoya limestone in the Deming 
quadrangle has the same general character as in the type local­
ity near EI Paso. Its thickness in the quadrangle is nearly 
everywhere 250 to 300 feet. Most of it is light gray. Se\'eral 
beds contain a large amount of chert, which makes the rock 
more resistant to weathering and hence more prominent in 
outcrop. Much of the chert is in thin layers alternating with 
pure limestone. At the base of the formation is a dark-gray, 
more massive member. 

The formation overlies the EI Paso limestone without notice­
able difference in attitude, but in places an abrupt change in 
lithologic character and some other features indicate uncon­
formity. The upper limit of the formation, as exposed in the 
quadrangle, is somewhat indefinite and is arbitrarily placed at 
the top of the highest beds containing distinctive fossils. In 
places the formation is overlain unconformably by the Gym 
limestone, at Capitol Dome by the Lobo formation, and in 
other places by the Fusselman limestone. As the Fusselman 
is thin and not very distinct, it is not separately mapped 
in this folio. 

Distribution and oocurTence.-The formation outcrops exten­
sively about Gym Peak and in The Park in the Florida Moun­
tains, at the west end of the Snake Hills, and in the knob 
south of Fluorite Ridge. A small mass is exposed on the 
slope west of Capitol Dome. 

The most extensive exposures are along the westward-facing 
cliffs east of The Park and along the western and southern 
slopes of Gym Peak and of the ridge next northeast of that 
peak. The beds extend down the northern slope of Gym Peak 
in an outcrop li miles long and appear again a mile southeast 
of ByeI' Spring. The formation outcrops also on the western 
sides of the two ridges west of The Park. The thickness of 
the small mass on the slope west of Capitol Dome is 145 feet, 
comprising 50 feet of dark massive limestone at the base, 
overlain by 25 feet of cherty limestone and 30 feet of dark 
sandy limestone, capped by 40 feet of cherty limestone. 

The formation is extensively exposed in the high knobs and 
ridges forming the western half of the Snake Hills and begin­
ning a short distance west of the main road. At the base is 
dark impure massive limestone, abruptly separated from the 
EI Paso limestone by apparent erosional unconformity. This 
is succeeded in order by ~herty limestone, with alternate layers 
of pure limestone, by 30 feet of massive sandy dark-gray lime~ 
stone forming low cliffs and grading into 35 feet of purer, 
partly massive limestone weathering·to a dirty olive, and by 
60 feet of alternate thin layers of cherty limestone and purer 
limestone containing fossils. At the top, capping the highest 
butte on the ridge, is a thick mass of highly cherty rock. 
Apparently all these beds-about 300 feet thick and forming 
the whole height of the ridge-are Montoya limestone. 

In the hill west of Fluor Camp the formation is prominent 
on account of the conspicuous silica or chert beds that it con­
tains. As in other exposures there is dark massive limestone at 
the base, followed by cherty limestone, the chert mostly in thin 
layers alternating with relatively pure limestone. Higher up is 
purer slabby gray limestone containing many fossils and still 
higher a thick body of highly cherty rock. At the top is 50 
feet of massive limestone of unknown age, possibly Fusselman. 
A short distance to the southeast are several small but pr.omi­
nent ridges made up of thick beds of massive chert apparently 



replacing a limestone, probably the Montoya, but as the chert 
is nearly surrounded by porphyry and is cut by faults its 
relations could not be determined. 

Fossils and age.-In the medial beds of the Montoya lime­
stone between the cherty members fossils are particularly 
abunda,nt. The following species have been identified by 
Ulrich and Kirk: 

Eurydictya ef. E. monti!era.. 
Dinorthis subquadrata.. 
Pleotorthis whitfield!. 
Hebertella oocidentalill. 
Da.Imanella cf. D. meeki. 
Dalmanella near D. jugosa. 
Platystrophia aeutilirata var. 
Strophomena cf. S. Bubtenta. 
Rhynohonella. antico!tiensis 

(argenturblca White). 

Ra1inesquina loxorhyti~. 
Leptaena unicostata. 
Plectambonites saxea. 
Rhynehotrema capax. 
Zygosptra reeurviroetris. 
Cyrtodonta Bp. 
Vanuxenda sp. 
Bumaetue sp. 

In beds between the two chert series on the limestone knob 
west of Fluor Camp Strophomena cf. S. subtenta, Platyst1'Ophia 
acutilirata var., Rhynchotrema perlamellosa, and Streptelasma 
rusticum were obtained. 

These species are characteristic of the Richmond fauna, 
which is found in various parts of the Rocky Mountain region. 
The formation is therefore of Richmond age throughout. 

SILURIAN SYSTEM. 

Character and di.8lribution.-The Fusselman limestone prob­
ably overlies the Montoya limestone in most areas in the 
Deming quadrangle, but as it is not well characterized and is 
difficult to separate, it is not separately mapped in this folio. 
It has been identified in the Victorio Mountains a short dis~ 
bince to the west and in Cooks Range not far to the north, but 
the evidence of its presence in the Deming quadrangle is less 
satisfactory. About Gym Peak and near The Park the fossil­
iferous beds of Montoya limesoone are overlain in most places 
by dark-gray limestone, in part thin bedded, which contains 
a few corals believed to be of Fusselman age. It is succeeded 
by the Gym limestone, which lies on an irregular surface of 
ullconformity that cuts down into the Montoya limestone in 
places but in general is difficult to locate precisely. On Fluor­
ite Ridge the upper cherty member of the Montoya is overlain 
by or faulted against a massive gray limestone that may be 
Fusselman but has mOre the character of ~he Lake Valley 
limestone, and is so mapped. 

Age and correlatiom.-In the Cooks Peak and Silver City 
regions the Fusselman limestone is thin but it contains large 
numbers of a distinctive Pentamerus, and in the Victorio 
Mountains it contains an abundant and characteristic coral 
fauna, which indicates that it is of upper ~iagara age. On 
the basis of its lithology and fossils the formation is, therefore, 
correlated with the Fusselman lirnesoone in the type locality in 
the Franklin Mountains near EI Paso. 

DEVONIAN SYSTEM. 

Outcrop and 1·elations.-Black fissile shale, lithologically 
like the Percha shale of the Si.lver City, Lake Valley, and 
Cooks Peak districts, is exposed in a deep valley' on the east 
side of Cooks Range, at the northern margin of the quad­
rangle, and in two small areas north and northwest of Fluor 
Camp. No fossils were obtained from this shale in the 
Deming quadrangle, and the only evidence of its age is its 
close similarity in material and stratigraphic position to the 
fossiliferous Percha shale (late Devonian) in the type locality. 
in Lake Valley district not far north. The thickness in Cooks 
Range is about 150 feet, measured from porphyry below to 
basal ledges of Lake Valley limestone above. Apparently the 
plane of porphyry intrusion is close to the. base of the forma- ' 
tion. In Fluorite Ridge the thickness of Percha shale is 
about 150 feet, with the base cut off by a cross fault in the 
western exposure, and by porphyry and a fault in the outcrops 
north of Fluor Camp. In the Florida Mountains the Percha 
shale and the Lake Valley limestone are lacking or overlapped, 
for younger limestones appear to lie directly on the Montoya 
limestone. There is a small showing of black shale along the 
fault between granite and limestone half a mile west of Gym 
Peak, which is probably of the same age as the dark shale 
apparently included in the Gym limestone a mile southeast of 
that peak. This shale may be the Percha lifted by a fault. 

CARBONIFEROUS SYSTEM. 

The Carboniferous system is represented in the quadrangle 
by parts of both the lower and the upper· Carboniferous beds, 
separated by a very considerable hiatus. The rocks are chiefly 
limestone, with some shale and conglomerate. The ~fissis­

sippian series is represented by the Lake Valley limestone, of 
early MiB8issippian age, and the upper part of the Carbon~ 
iferous system by the Gym limestone. Possibly the Lobo 
formation belongs in the late Carboniferous, though that for­
mation is regarded as Mesozoic, and because of its unconform­
able relations it is classified as Triassic (?). The higher 
formations ovet'lap southward, and in the Florida Mountains 

Demiug. 
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the Lake Valley limestone is absent and the younger limestone 
lies directly on Montoya and El Paso Jimestones. 

Name and distribution.-The Lake Valley limestone was 
named from Lake Valley, in the region on the north, where 
the formation is conspicuously exposed. In the Deming quad­
rangle it consists chiefly of slabby to massive gray limestone, 
which has a thickness of 500 feet in Cooks Range, but it thins 
southward and is lacking in the Florida Mountains. The 
formation occupies much of the central slopes of Cooks Range, 
but the southerly dip in Sarten Ridge carries the beds "below 
the surface about a mile south of the northern margin of the 
quadrangle. A small mass is exposed in the limestone knobs 
at the southeast end of Fluorite Ridge. 

Character.-In Cooks Range the beds form a succession of 
clift's separated by steep slopes, the latter marking the outcrop 
of soft, calcareous shales. At the base is a massive bed of 
light-gray limestone lying on Percha shale with no noticeable 
dift'erence in dip. At t.he top are thick deposits of chert, 
above which is probably the Gym limestone, capped in turn 
by conglomerate of the Lobo formation. One measured sec~ 
tion, including 100 feet of the upper cliff-making bed of 
massive gray limestone, is as follows: 

Seet/on of upper part of Lake Valley limestone, Gym limestone (~), and 
Lobo formation in Oooks Range. 

Lobo formation: 
Conglomerate, with limestone matrix ____ _ 
Shale, red ______________________ _ 
Conglomerate ________________ _ 

Gym limestone (1): 
Lilllestone. nodule beMing ___________ _ 
Limestone, blue _______________________ _ 
Conglomerate, with some red jasper pebbles ___ _ 

Lake Valley limestone: 

Feet. 
80 
50 
10 

, 
_ ____ 20 
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Limestone, cherty ___ _____________________ 8 
Limestone, gray. with Mississippian fossils ___ 8 
Conglomerate or breocia. of white chert ____ .__________ 10 
Chert. white, with crinoid stems ______ _ 
Limestone, gray, massive ________________ _ 

20 
100 

There are no fossils to prove the presence of the Gym 
limestone, and therefore all the beds may be Lake Valley. 
The top of the lowest bed in the section is about 450 feet 
above the Pereha shale. 

At the southeast end of Fluorite Ridge about 100 feet of the 
formation outcrops on the northern side of the first porphyry 
knob and 300 feet on the southern side. It lies on Percha 
shale at both places, as shown in figur€! 9 (p. 11), and is cut 
oft'laterally by faults or igneous intrusives. 

Fossils and age.-The formation is abundantly fossiliferous 
at some localities. The following species, obtained from the 
cliffs 4 miles northwest of Fort Cummings, were determined 
by G. H. Girty: 

Endothyra ep. 
Rhombopora Bp. 
Leptaena rhom boidaUe. 
Schueherlella sp. 
Productus eemireticulatus. 
Productus laevicOBtata. 

I 
Produetus aft. P. burlingtonensis. 
Dlelasmasp. 
Spirifersp. 

I Composlta 1 Bp. 
Paraparchitel! sp. 
Bairdiasp. 

In exposures at the southeast end of Fluorite Ridge half a 
mile west by south of Fluor Camp were found Spirifer cen­
tronatus, Leptaena rhomboidalis, Pinnatopora sp., and several 
species of Fenestella. 

These fossils are regarded by Girty as characteristic of the 
IDwer part of the Mississippian series. The upper part of 
the series is not present in the Southwest. 

GYM LIMESTONE. 

Definition.-The Gym limestone is named from Gym Peak, 
where the formation is extensively exposed. Its maximum 
thickness in the quadrangle, in and southwest of Gym Peak, 
is 1,000 feet. 

Dist1ibution and relations. - The formation occupies the 
summits of the high ridges at and northwest of Gym Peak 
and of the two ridges west of The Park, and it extends 
down the southeastern slope of Gym Peak. Several small out~ 
lying masses are intricately faulted into the granite on the 
lower slopes, 2 miles south of the peak. The formation 
appears to be absent in Fluorite Ridge but appar~ntly occurs 
in Sarten Ridge. 

In most places it lies on an uneven, eroded surface of the 
Montoya limestone and possibly in places on the EI Paso 
limestone. In the Florida Mountains it is overlain only by 
the bolson deposits of Quaternary age. In Sarten Ridge the 
supposed Gym limestone rests on Lake Valley limestone and 
is overlain by the Lobo formation. 

Character and localfeatures.-The formation consists chiefly 
of limestone, in great part massively bedded, of light-gray 
color and showing a brecciated structure in many beds. On 
and west of Gym Peak the lower part is dark and the upper part 
much lighter colored, the change' from one to the other being 
abrupt. The thickness in this vicinity is about 700 feet. In 
the canyon a mile southeast of Gym Peak, where the beds dip 
steeply southward, the limestone apparently in the middle of 

the formation is overlain by 80 feet of dark-gray fissile shale, 
which is traceable for about half a mile and reappears along 
the fault on the trail a snort distance west of Gym Peak. 
This shale may be the Percha, lifted by a branch fault and 
elsewhere overlapped by Gym limestone. This shale is over­
lain on the east by cherty beds of Gym limestone containing 
abundant Manzano fossils and is cut off on the west by the 
great fault which crosses the mountains. Eastward the forma ... 
tion passes beneath the bolson deposits. In the outlier 2 miles 
south of Gym Peak the rock is light~colored massive limestone, 
weathering dark gray and containing many fossils. In the 
mass ~ying farther southwest the limestone is faulted against 
the granite, and in one area it is separated by an irregular 
deposit of gray quartzitic sandstone 12 feet thick, possibly 
marking an overlap. A few rods east and northeast are several 
large irregular masses of limestone, on and into which the 
granite has been complexly faulted, as described under the 
heading HStructure~' (pp. 9-11). 

The supposed Gym limestone in Sarten Ridge, 4 miles 
northwest of Fort Cummings, lies between the cherty limestone 
supposed to mark the top of the Lake Valley and a 10-foot 
bed of conglomerate underlying the red shale of the Lobo for~ 
mation. It consists of 20 feet of blue limestone closely similar 
to that containing abundant Manzano fossils a few miles to the 
northwest and is overlain by 5 feet of nodular limestone. 
Beneath the blue limestone is 5 feet of conglomerate contain­
ing some red jasper pebbles, v·thich probably marks th~ base of 
the formation. 

Possibly the upper part of the formation is exposed in Sarten 
Ridge, in the draw just north of the sandstone quarry, a mile 
south of Fryingpan Spring. A few rods northeast of the 
quarry and just east of the road a small wedge of limestone 
(almost certainly Gym limestone), lying on conglomerate, out­
crops along the great fault. 

Fossils and age.-On the east side of the Florida Mountains 
the lower beds have yielded only a few fossils, which are aU 
classed by G. H. Girty as probably of Manzano (late Carbon­
iferous) age. The fauna is well represented, howeyel', in the 
limestone above the dark-gray shale member southeast of the 
peak, where the following species, determined by Girty, were 
found: Chonetes platynotus?, Marginifera splendens7, Beller­
ophon crassus, Phymatife1' n. sp. 

From slightly higher beds a short distance farther southeast 
the following forms were collected: Pusulinella sp., sponge 
and sponge spicules, Echinocrinus ornatus, Product1ls aff. P. 
semireticulafuE, Ambocoelia.f! sp., Composita sp., Parallelodon 
politttS'I, Astartella sp., Plagioglypta canna 'I, Bellerophon 
crassm val'. wewokanus 7, Bucanopsis 1nodesta, Pleurotomaria 
texana, Pleurotomaria 3 sp., Murchisonia 4 sp., DiEcohelix.f 
n. sp., Rhynchomphalus obtusispira, Sphaerodoma aft'. S. humilis, 
Sphaerodoma aft'. S. primigenia, Cyclonema sp., Glyptobasisf 
sp., Orthonema socorroensef, Orthonema sp., Pseudomelania? 4 
sp., Zygopleura n. sp., Loxonema'l 2 sp., Bulimorpha inornata. 

Echinocrinm crati.s was also collected from the Gym lime-
stone near the Mahony mine. . 

In the smal1 mass of limestone faulted into the granite on the 
south side of the Florida Mountains the following species, 
identified by Girty, were obtained, mostly as fragments: 

Fusulinella.? Bp. 
Produetus semireticulatuB. 
Pugnax utah. 
Composita subtilita. 
Astartella? sp. 

I 
Pleurotomaria sp. 
Bellerophon aft'. B. crassus. 
EuomphaluB aft'. E. pernodoeus. 
Meekospirasp. 
Orthonema Bp. 

TRIASSIC (?) SYSTEM. 

De.finition.~ The Lobo formation consists of shale, conglom· 
erate, and impure limestone. It is named from Lobo Draw on 
the eastern slope of the Florida Mountains, where it ,is exten­
siyelyexposed. Its thickness at the type locality is 350 feet. 

Distribution and l·elations.-The outcrop of the formation 
extends about 5 miles in a general northwest direction across 
the higher slopes of the northern third of the Florida Moun­
tains. Apparently the same formation appears again in the 
northern and eastern faces of the high ridge of Sarten sand­
stone in Cooks Range and in small outcrops on Goat Ridge 
and Fluorite Ridge. A small exposure is revealed by the 
deep hollow neal' the south end of Sarten Ridge, just north of 
the sandstone quarry. 

At the north end of the Florida Mountains the formation 
lies on the EI Paso and :!\Iontoya limestones, but at Capitol 
Dome it overlaps on granite. A few rods southeast. of the base 
of the dome it extends across a fault that brings the granite 
against the El Paso limestone, showing that its deposition was 
later than the faulting aud subsequent planation. The rela­
tions at this place are shown in figure 7 (p. 10). In the 
Florida Mountains the formation is overlain by agglomerate 
·without any great discordance in dip, and in Sarten Ridge by 
the Sarten sandstone, into which it may possibly grade. 

Characte1·.-The formation consists largely of reddish and 
gray shale and pinkish, impure limestone, but it includes much 
conglomerate at its base. Southeast of Capitol Dome, where it 



lies on granite, it contains some basal arkosic sandstone. A 
section on the west slope of Capitol Dome is as follows: 

Section of Lobo fot'mation at Capitol Dome. 

Feet. 
Sandstone, soft, reddish, with a few thin conglomeratic 

layl;!rs and some limy beds_______________________________ 30 
Conglomerate, light colored, wit.h limestone pebbles. 8 
Sandstone. pInk, sort, with conglomeratic streaks_________ 80 
Limestone, slabby, in beds 3 to 10 feet thick, separated by 

buff and reddish shale wit.h thin limeetone layers _ 180 
Shale, dark reddish __________________ 20 
Limestone, IIlasBivE', impure, with pebbly streaks__________ 10 
Limestone congloDlerate, coarse, with chert and quartzite 

pebbles In a red sund matrix __ . ___ . _____ . ___ ._ 20 

818 

Some of the limestone beds at this place resemble litho~ 
graphic stone but are harder and contain only 27 pel' cent of 
calcium carbonate, the remainder consisting of ]0 per cent 
of magnesium carbonate and of material insoluble in acid. 

In Cooks Range the formation is thinner and of somewhat 
different eharRcter. The following section was measured at 
,the north end of Sarten Ridge, 4 miles northwest of Fort 
Cummings: 

Section of Lobo formatiun and underlying beds at north end of Sartm 
Ridge. 

Lobo formation: 
Sandstone, snuff.-eolored _____ _ 
Conglomerate, with limy matrix ___ . 
Shale, red _______ _ 
Conglomerate ______ .. __ .. ___________ _ 

Gym limestone: 
Limestone, nodular, in red shEth' ________ _ 
Limestone, blue ______________ " __________ _ 

Conglomerate, with red jasper pebbles __ 

Fe..t. 
20 
20 
40 

, 
'" 

The three beds at the base of tlle section doubtless represent 
Gym limestone, for the nodular limestone contains Gym fossils 
on the west side of the range. 

Age.-No fossUs have been found in the Lobo formation, so 
that its age is not determined. In the central part of Cooks 
Range it lies unconformably on the Gym limestone, of late 
Carboniferous age, and is sepal'l1ted from the overlying Sarten 
sandstone (Lower Cretaceous) by an unconformity; hence its 
age may be Permian, Triassic, or even earliest Cretaceous. 
Because of its unconformable relations with both the overlying 
and the underlying formations, however, the Lobo is tenta~ 
tively classified as Triassie (1). 

ORETAOEOUS SYSTEM. 

The Cretaceous system is represented in the quadrangle by 
a few hundred feet of sandstone and shale. The sandstone is 
at the base and is of Comanche (Lower Cretaceous) age, and the 
shale above is Upper Cretaceous. 

CO).:lANCRE S.KRIES (LO'WElt CHETACEOl'i'I). 

BARTEN SANDSTONE. 

Name and distribution.-The Sarten sandstone is named 
from Sarten Ridge, in the northern part of tile quadrangle. 
Its maximum tllickness in the urea is 300 feet. It occupies 
the greater part of Sarten Ridge and is extensively exposed in 
Fluorite Ridge, Goat Ridge, Pony Hills, and along part of the 
flank of the laccolith, 5 miles north of China Tank. 

Character and l·elations.-The formation consists almost 
wholly of light-gray massive sandstone, most of it quartzitic or 
very hard. At the base there is more or less conglomerate 
containing some angular and snbangular fragments. Some 
beds are slab by, and a few contain a little calc.il1m carbonate. 

The formation lies nearly everywhere on the Lobo fOl'ma~ 
tion, with no notable discordance of dip and only slight 
evidence of erosional unconformity. In the Pony Hills it lies 
on or against pre-Cambrian granite, but this relation is prob­
ably due to faulting. Similar relations are suggested in the 
western part of Fluorite Ridge, where outcrops of the Sarten 
and the granite are cloeely associated but not in contact. It is 
overlain by the Colorado shale. 

Fossils and age.-Some beds of the formation contaiIl abun~ 
dant fossils, notably at a locality in the ridge about a mile 
north of Fryingpan Spring, where a limy bed not far below 
the middle of the formation yielded the following species, 
determined by T. W. Stanton: 

Cardita belvldereneis Cragin. I Ostrea sp. 
Cardium kansasense Meek. Nucula sp. 

~~~~~~:~!: ~:x:~:;so~::~in. I i~~:~~a ss:.. 
i~~~~~!Vi=re;Si:e~:~~J~:gran- I ~~~~::r!~.ep. 

ulata. Roemer'. 

This fauna, which is nearly the same as that found iu the 
marginal beds of Comanche age in southern Kansas and Ileal' 
Tucumcari, N. Mex., is regarded by Stanton as indicating that 
the beds are of the age of the Washita group of the Comanche 
series of Texas. 

The following fossils, which were obtained at the west end 
of Fluorite Ridge, at apparently about the same horizon as 
those enumerated above, were also determined by Stanton: 
Ostrea sp., Trigonia sp., Leptosolen sp., Homomya sp., and 
Turriklla sp. 
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UPPER CUETACEOUS SERIES. 

Distribution and charactel'.-Da.rk-gray shale of Colorado 
age outcrops in two ~reas northwest of Fryingpan Spriug. It 
occupi~ the basin in' the southwest side of Cooks Range and 
possibly underlies an area of considerable extent beneath the 
agglomerate and bolson deposits between there and Goat Ridge. 
The outcrop farther west is narrow, but the outcrop in the 
basin is nearly a square mile in extent. The thickness of 
beds exposed is about 300 feet. 

Most of' the material is dark shale, but there are intercalated 
beds of sandstone that breaks into thin slabs and some concre­
tions and thin beds of fine-grained dark blue-gray limestone, 
which weathers to a dirty buff color. The uppermost shale is 
darker than that below, and a slabby buff sandstone appears at 
one place. The formation is separated from the underlying 
Sarten sandstone by an abrupt change in the character of the 
material but by no notable discordance of dip and no deposits 
of coarse fragmental sediments. The hiatus at this horizon, 
however, represents a large part of Cretaceous time. 

Fossils and age.-The formation contains numerous fossils 
in the shallow basin 2t miles northwest of' Fryingpan Spring. 
Gryphaea newhe1"1'yi Stanton, Inoceramus labiatu8 Schlotheim? 
Metacoceras sp., and Prionotropis sp., determined by T. 'V. 
Stanton, belong to the Benton fauna. The little gryphaeas 
weather out in large numbers and accumulate on the surface. 
A limestone bed' iu the middle of tlle exposure contains many 
scattered cephalopods, which are difficult to obtain in good 
condition. 

TERTIARY SYSTEM. 

AGGLOlIERATE A~D ASSOCIATED ROCKS. 

General character and relations.-The Tertiary system is 
represented in the quadrangle by a great thickness of irregu­
larly stratified, nonfossiliferous deposits, chiefly of volcanic 
origin and fragmental (pyroclastic) character, interbedded 
with intrusive sheets and volcanic flows. The material here 
described consists of agglomerate, tuff, volcanic ash, flows of 
volcanic mud, and some flow breccias. A characteristic expo~ 
sure of the well-bedded rock is shown in Plate IV. The 
greater part of the finer material is wind borne, but portions 
have been deposited or rearranged by water. Some beds of 
sand, sandstone conglomerate, and gravel of ordinary sedi­
mentary origin are also included. 

The thickneBs of the deposits is more than 2,000 feet. As 
they are exteusively exposed in nearly all of the mountain 
ranges, it is probable that they underlie a large part of the 
bolson area. They lie unconfOI'mably on various formations, 
including- the Colorado shale of middle Upper Cretaceous age, 
and are believed to be of Tertiary age, although their lower 
part may be late Cretaceous, and some of the top beds may 
be Quaternary. They are undoubtedly contemporaneous and 
closely associated with the eruption of the volcanic rocks with 
which they are so extensively interbedded. 

The typical agglomerate is a massive rock, mostly very hard, 
made up of angular masses of eruptive rocks-chiefly dark~ 
gray andesite and purplish Iatite - embedded in a gray or 
purplish matrix of tuff or ash. Some of the rock has a crystal~ 
line matrix and is probably a flow breccia. Interbedded with 
the stratified rocks' are bede derived from volcanic mud and 
thin sheets of lava' that flowed oyer loose fragmental material 
and in places include considerable amounts of it. Accumu~ 

lations of tuff and irregular bodies of volcanic ash of con­
siderable thickness and extent, in part deposited by wa.ter, 
are abundant. Some of the included beds of sandstone, shale, 
gravel, and yonglomerate formed of ordinary detrital materia1s 
are difficult to'distinguish from the bolson deposits. 

Distl·ibution.-The most extensive exposures of pyroclastic 
rocks are on the north end of the Florida Mountains, the crest 
and eastern side of the Little Florida Mountains, and the 
eastern side and south'en'd of Cooks Range. Smaller masses 
are exposed about Fluorite and Goat ridges and on the south 
side of Red Mountain. Ash and gravel lying beneath the 
basalt of Black Mountain a.re classed with the formation but 
may be somewhat younger than the main body of agglomerate 
in other areas. 

Localfeatures_-The agglomerate forming the rugged peaks 
and deeply dissected slopes of the north end of the Florida 
Mountains exhibits the relations shown in the sections in 
figure 3. Its greatest exposed thickness is about 1,600 fe~t, but 
some of it has been removed by erosion, and doubtless some 
higher beds underlie the bolson east of the mountains. It lies 
unconformably on the Lobo formation but without notable 
discordance in dip, which is at a low angle to the east and 
northeast. Much of the agglomerate in the Florida Mountains 
is a hard gray rock in massiye beds 50 to 80 feet thick in 
many places. (See PI. III.) It consists mostly of large angular 
fragments of andesite and other contemporaneous eruptive 
rocks in a matrix of partly crystalline nature. Toward the 
base at Capitol Dome there is an alternation of less massive 
beds as follows: 

Section of VolcanirJ fragm6ntal rOrJk8 at Capitol Dome. 

Feet. 
Agglomerate, very massive, purplish gray ________ 150 
Sandstone, gray to reddish____________ 4, 

Conglomerate, coarllB; boulders 1 to 6 inches, mostly of 
andesite but Borne of' blue·gray Paleozoic llmestone and 
coarse reddish granite_____ ____________________ 110 

Sand~tone, light dirty green, slabby, made up mostly of 
comminuted volcanic rocks____________ ________________ 12 

Boulders, coarse; largely volcanic rocks, some blue lime· 
stone and coarse reddish granite __________________ .______ 10 

Agglomerate and tutl', massive, flne grained; full of small 
angular fragments ot andesite and other eruptive rocks_ ,50 

Keratophyre, flow, slabby to massive, gray, flne grained, 
with beds of andesite tuft' in thicker and thinner layers, 
some showing mud cracks ________________ . _________ .____ 40 

Agglomerate, with rounded to subangular ma.slIBs of andes-
ite, bedded ____________________ ___________________ 25 

Keratophyre, flow, gray, slabby, fine grained---------- 3 
Conglomerate, coarse, wIth rounded boulders of andesite, 

Paleozoic limestone, granite, and other rocks (base)______ 20 

The basal bed lies on 50 feet of soft reddish sandstone of 
the Lobo formation (see PI. III), and although there is some 
evidence of erosion at the contact there is no great difference in 
direction or rate of dip. In places the middle and upper parts 
of the serie~ contain finer-grained beds, such as the body of 
fine-grained light-colored tuff that has been quarried for build~ 
ing stone on the east end of a spur 2 miJes northeast of Arco del 
Diablo. The agglomerate in the faulted block 1;' miles south~ 
east of Arco del Diablo, is capped by a sheet of considera.bly 
leached andesite and contains masses of epidote. 

The agglomerate in the Little Florida Mountains has the 
relations shown in figure 8 (p. 10). Part of it underlies the 
great sheet of felsitic rhyolite, but the greater part lies above 
that sheet and dips gently eastward down the eastern slope of 
the range. Presumably this body is at a higher horizon than 
the agglomerate in the Florida Mountains, but the relations of 
the two could not be ascertained, because of the covering of 
bolson deposits in the intervening gap, under which there may 
be a fault. The agglomerate above the rhyolite is a massive 
deposit of dark-reddish, coarse, angular to subangular frag~ 

ments, some of them 4 feet in diameter. This rock gives a 
rugged topography to the top and the western slope of the 
mountain, notably in the deep canyon just north of Black 
Rock. The coarse deposit thins greatly at the low pass across 
the range toward its north end. Possibly it gives place to 
finer sediments, for volcanic ash is exposed in slopes just east 
of the northern ridge of the mountain. The deposits exposed 
underlying the main igneous flow are mostly tuff and volcanic 
ash, considerably silicified in places. 

A thick succession of agglomerates, ash beds, and eruptive 
sheets is exposed in the south end of Cooks Range. It is cut 
off on the west by the great fimlt and on the east· it passes 
beneath the b01son deposits. Besides igneous materials the 
series includes sandstone and sand, and some of the fragmental 
material of igneous origin or nature has: been deposited by 
water. Some brecciated mud flows are included, probably the 
edges of the larger eruptive sheets or small separate extrusions. 
The beds are all uplifted to moderately high angles, so that the 
general order of succession is exhibited from southwest to 
northeast. It begins with a thick series of agglomerates and 
ash, with included sandstone, the latter being prominent in 
two high buttes 3 miles northwest of Mirage siding, in which 
the rock is a red quartzite. In the next series of ridges to the 
north tuff is overlain by several sheets of andesite and latite, 
then follow quartz basalt and hornblende-mica rhyolite, inter-

~ bedded in gray agglomerate and ash beds. The succession is 
irregular, but some of the beds of fragmental rocks and igne­
ous sheets outcrop coptinuously f<;)l' 5 to 6 miles along tile. 
strike. The thicknesses differ greatly, however, especially the 
dimensions of bodies of volcanic ash, which thicken and thin in 
short distances. 

Volcanic fragmental rocks of various kinds are extensively 
exposed about the foot of Fluorite Ridge, Goat Ridge, and 
the southern slope of Cooks Range west of Sarten Ridge. 
There is some agglomerate and many beds of ash and of sand~ 
stone, the latter composed of grains mostly of volcanic rocks. 

The material under the basalt cap of Black Mountain is 
largely waterlaid and therefore stratified, but it consists mainly 
of volcanic ash with sOIpe coarser tuff. In all, about 400 feet 
of these materials is exposed above the level of the bolson at 
the south end of the mountain. The beds and overlying basalt 
cap dip east. 

The exposure of agglomerate at the foot of the southern 
slope of Red Mountain is only a few r'ods long and a few 
yards wide_ The material is a typical agglomerate, with angu~ 
lar fragments largely of dark purplish gray hornblende andes­
ite and with matrix of finer material of the same general 
character. A low mound of bluish-gray agglomerate that rises 
above the bolson 011 the southern margin of the quadrangle 
about 5 miles southwest of lola is cut by dikes of various 
kinds, one of latite and another of quartz porphyry 10 feet 
thick. 

Age.-The agglomerates and associated rocks have yielded 
no fossils. According to the relations shown here and in 
adjoining areas they were accumulated during Tertiary time 
and probably in the later part of that period, for the agglom-



erate appears to be later than the porphyry intrusions, although 
no porphyry masses or boulders have been observed in the 
agglomerate. The deposition may possibly have begun at a 
somewhat earlier epoch in the Tertiary and may have con­
tinued into the Quaternary, for the relatively young basalts lie 
on volcanic ash. 

QUATERNARY SYSTEM. 

In the Deming quadrangle thick deposits of sand, gravel, 
and clay of Quaternary age, washed from the mountains, 
underlie the wide bolsons. Accumulations of recent alluvium 
along the lower flats can not be separated from the older 
deposits. Some portions of the alluvium consist of loose sand, 
which blows from place to place and gives rise to local sand 
dunes, a feature mainly confined to the vicinity of Mimbres 
River near Deming. )'lore or less talus accumulating on the 
slopes of hills and mountains is of Quaternary age, but its 
limits are too indefinite for representation on the geologic map. 

The deposits in the great 'bolsons between the mouutains 
are not very deeply incised by the present streams, but their 
thickness and character are known at certaitl localities from 
well borings, a few of which have reached b,edrock. A deep 
hole bored in Deming in 1887 penetrated rock at 963 to 
980 feet, having passed through a succession of clay, sand, 
"cement," and gravel in alternate deposits 5 to 18 feet thick. 

A representative record north of the river in sec. 30, 
T. 23 S., R. 7 W., is as follo\ys: 

Reaord of boring in Sw. i sec. so, T. £3 S., R. 7 W. 

Loam and clay ______ .. __ _ 
GravaL_ 
Clay ~ ________ _ 
Gravel, with much water _____ _ 
Sand. tightly pa.cked_'_ 
Clay__ _ ___ . __ 
Sand, tightly packed __________ . _______ " ___________ _ 
Clay ______________ . ___ . ________ _ 

Sand compact __ 
QuickBand~ ___________________ _ 
Gravel and sand, water ___ _ 
Clay. ______________ _ 

Graval. coarse_.,_ 
Gravel, water ________ . __ _ 
Sandrock, 80ft. _._._ .. ________ . __ _ 

IGNEOUS ROCKS. 

By N. H. DARTON and J. L. RIOH.' 

GENERAL CHARACTER. 

Feet. 
0-22 

22 - 241-
24t-- 29 
29 - 34t 
34,- 40 
40 ~ 50 
50-55 
55 - 63 
68 - 65 
6G - 66 
66 - 72 
72 - 75 
75 - 76 
76 ~ 79 
79 ~111 

The younger igneous rocks comprise porphyries of several 
sorts, an extensive series of latites and andesites, rhyolites and 
felsitic rhyolites l and basalt. The porphyry forins laccoliths 
and sills cutting strata as late as Upper Cretaceous and is 
believed to be of early Tertiary age. The latites, andesites, 
and rhyolites are mainly flows included in a thick deposit of 
agglomerate and other fragmental deposits regarded as of later 
Tertiary age. Keratophyre and quartz keratophyre occur in 
dikes and thin sheets, but their position in the sequence is not 
known. The relative position of the felsitic rhyolite also is 
not apparent. The basalt occurs liS laVl1 flows on the Quater~ 
nary sediments and also in dikes. 

EARIJIER TERTIARY IGNEOUS ROCKS. 

GRANITE PORPHYRY AND QUART),; MONZONITK PORPHYRY. 

Distribution and oharacter.-Sodic granite porphyry grading 
into quartz monzonite porphyry forms a large part of the 
western side of Cooks Range, at the north margin of the quad­
rangle, and a large mass about 3 miles long constitutes the 
greater part of Fluorite Ridge. The rock is intrusive and 
occurs chiefly in large laccolithic bodies. It cuts beds ranging 
in age from Cambrian to Upper Cretaceous, and probably it 
cuts also the lower pa-rt of the agglomerate. It is, however, 
older than the great igneous flows in the agglomerate series. 
Several dikes and sills form offshoots of the larger masses. 
Some small masses of rock of similar cha-racter but apparently 
of greater age cut tile granite of the Florida Mountains. 

The rock in Fluorite Ridge, which may be l'egarded as 
typical of the more sodic phase, is medium to light gray and of 
pronounced porphyritic aspect. The phenocrysts recognizable 
with the unaided eye are colorless and white feldspars, com­
monly striated, and hornblende, biotite, and quartz, the feld­
spars being the mo.st conspicuous and giving the rock its typical 
mottled appearance. Some of them are as much as a centimeter 
in size, with an average of about 5 millimeters. Quartz is 
inconspicuous. The groundmass is dark gray and felsitic. 

Petrography.-Under the microscope the feldspar pheno­
crysts are found to be mainly albite, generally much a1tered to 
sericite. Hornblende and brown biotite are distinctly sub­
ordinate in amount. In some outcrops biotite predominates 
over hor:phlende; in others the hornblende is more abundant; 
and in places both are greatly altered, the biotite more so than 
the hornblende, w·hich is partly changed to chlorite and mag~ 
netite. The biotite shows alteration by development of zoisite 
and epidote between the laminae in such a way that the mica 
which remains is bent about the grains of zoisite and epidote, 

1 The petrographic descriptions were prepa:red by John L. Ric:b. 
DemIng. 
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around whose margins are rims of abundant grains of magnet­
ite. Within the biotite areas titanite is also abundant. In 
some specimens the hornblende is only slightly 01' not at 
all altered, but in all specimens the biotite is consider­
ably changed. Quartz phenocrysts aTe moderately abundant. 
Many have irregular outlines indicating secondary growth. 
The ground mass consists principally of orthoclase and quartz, 
with som,e plagioclase and a little augite in minute rods. 
The quartz is abundant but interstitial. Accessory minerals 
are apatite and rather abundant magnetite scattered in specks 
through the groundmass. 

A rock from the south slope of Fluorite Ridge marks the 
transition to the quartz monzonites. It contains abundant 
good-sized phenocrysts of quartz and considerable biotite. 
The feldspar phenocrysts are mainly andesine, but many of 
them grade to albite in the outer zone. 

Variations from the typical porphyry are also found in dikes 
and sills extending from the larger masses. The variations 
take the form either of a r~duction in the amount of quartz, 
accompanied by an increase in the proportion of hornblende­
which occurs characteristically in many places as long crystals 
crossed or gathered in rosettes-or of a change to the more 
calcic feldspars-oligoclase and andesine-which mark the 
transition to typical quartz monzonite porphyry. 

LATER TERTIARY IGNEOUS ROCKS. 

GENERAL RELATIONS. 

A thick series of agglomerate and other fragmental deposits, 
with extensive intercalated flows of erupted rocks of several 
sorts and at several horizons, occupies a large part of the quad~ 
rangle. The largest outcrops of agglomerate are in the south­
ern end of Cooks Range, in the Little Florida Mountains, and 
in the north end of the Florida Mountains. Smaller masses 
outcrop about Fluorite Ridge and in some of the other rocky 
areas rising above the bolsons and probably extensive deposits 
underlie the bolson deposits, which, are described on page 6. 
Dikes of several sorts cut. the agglomerate and some of the flows. 

In the south end of Cooks Range the thickness exposed is 
more than 2,000 feet, allowance being made for some duplica­
tion by faulting. From two to six thick sheets of eruptive 
rock are included, some of great extent and others small, so far 
as can be judged from outcrops. The largest flows, which are 
near the middle of the series, are latite. Those below nre 
andesite and those above are andesite, quartz basalt, and 
rhyolite. In the Little Florida Mountains the agglomerate 
includes a thick sheet of felsitic or yitreous rhyolite containing 
local intrusions of keratophyre. The great mass of agglom~ 
erate at the north end of the Florida Mountains consists largely 
of fragmental material, with thin local sheets of keratophyre. 
The total thickness in these mountains appears to be from 
1,700 to 1,800 feet. 

The mutual relations of these three large masses are not 
known, but the one in the Little Florida Mountains appears to 
be higher stratigraphically than that in the Florida Mountains 
and probably is equivalent to at least a part of the series in 
Cooks Range. 

QUAUTZ LATIT&. 

Relations afl,d oharacfer.-Quartz latite occurs as extensive 
and thick flows, interbedded at several horizons among the 
agglomerates and other pyroclastic deposits, and as dikes that 
cut the agglomerate. In general the rock is compact, pink to 
purplish, coarse grained, and porphyritic. Some yarieties are 
dark gray and yesicular; others a·re of lighter color and 
include more or less tuff. Two general types are recognized­
hornblende-quartz latite and hornblende-augite-quartz latite-

, differing somewhat in color, texture, and degree of alteration 
as well as in mineral composition. The varieties can not well 
be separated in the field, for they occur in the same body-in 
some places as alternate flows making up the thick sheet. 
Some of the latite is similar to the andesite but differs from it 
in being much coarser grained and in containing a large 
amount of potassic feldspar, the latter distinction being observ~ 
able only. 'with the microscope. 

Distribution.-The largest masses of latite are two thick 
sheets, separated by a·n irregular thickness of agglomerate, ash, 
and other detrital material, that form the crest and part of the 
slopes of the high ridge at the south end of Cooks Range, 
southwest of Florida station. Each sheet is probably made up 
of several flows, but there is no definite evidence as to their 
structure. Another thick mass, probably at the same horizon, 
is embedded in the agglomerate 4 miles northwest of ]~art 
Cummings. Smaller detached outcrops rise out of the bolson 
near the southwest corner of the quadrangle and are probably 
parts of a. large flow and possibly also of some dikes, but their 
structural relations are not exposed. In the outcrop 2 miles 
north of Mirage a dike of hornblende~augit&-quartz latite cuts 
the agglomerate. In the ridges. south of Fort Cummings and 
in a small outcrop west of Florida station the rhyolite is 
overlain by a thin sheet of brown rock, which appears to be 
hornblende-augite-quartz latite. This is the highest horizon 
at which quartz latite has been observed in the quadrangle. 

Augite-bearing" quartz latite predominates in Cooks Range 
and occurs 3 miles southwest of 76 Ranch. Quartz latite with 
little or no augite forms the mass 3 miles northwest of Fort 
Cummings, a small intermediate flow a mile northeast of 
Wilson Ranch, a small mass 1t miles southwest of Fort Cum­
mings, the outcrops 7 miles west and south west of lola, and 
perhaps others. 

Petrography.-The quartz latite is generally light pink to 
purplish, moderately compact, and somewhat porphyritic. 
Phenocrysts of feldspar and altered hornblende, although not 
conspicuous, make up about one-third of the rock and are 
embedded in'a, felsitic groundmass. Under the microscope the 
rock is seen to be IDl1de up of a fine, partly crystalline ground­
mass containing phenocrysts of andesine-labradorite, dark red­
brown hornblende, with scattered large biotite crystals. Some 
varieties contain considerable augite. Flow structure is indi­
cated by a pronounced tendency toward a linear arrangement 
of the phenocrysts. The feldspars are almost wholly Ul1altered 
and generally are zonal, with the rims full of minute inclu~ 
sions. The hornblende is so much altered, probably by mag~ 
matic agencies, that in most specimens only cores of the 
unaltered minerol, bordered by zones of hematite, remain. 
The augite is generally less altered than the hornblende, but in 
places it is almost wholly changed to It- chloritic aggregate. 
Accessory minerals are magnetite and apatite, some of the 
apatite being pleochroic. The groundma1's is finely crystalline 
and contains abundant minute laths of feldspar and, in most 
specimens, more or less quartz. The quartz in the groundmass 
is difficult to distinguish in most of the thin sections. Deter­
minations of silica in two specimens by Chase Palmer ill the 
laboratory of the United States Geological Survey gave 64.75 
and 60.94 per cent, which indicate the presence of free silica. 
The first of the samples was from the upper part of the large 
flow north of Wilson Ranch, the second from a thin flow 2!­
miles southwest of Florida station. An index of refraction 
much lower than that of Canada balsam characterizes the 
groundmass. Gas cavities are commonly filled with chal~ 

cedony, opal, and zeolites, of which thorosonite is one of the 
commonest. 

In some of the hornblende latite the feldspa,r and horn­
blende phenocrysts are embedded in a finely crystalline matrix, 
mostly orthoclase but containing scattered small plagioclase 
rods. 

A hornblende-augite-quartz latite of a peculiar copper-green 
color is found in the upper part of the main flow 4 miles west 
of Florida station and in the basal part of the second flow a 
mile northeast of Wilson Ranch. Its distinctive color is due 
to alteration of part of the augite to rather unusual fibrous 
aggregates of chlorite and an undetermined mineral, probably 
one of the amphiboles, which is characterized by strong pleo­
chroism from greenish yellow for the slowest ray to brilliant 
bluish greell for the fastest and by a high double refraction­
about 0.025. 

The latite in the southwestern pa.rt of the quadrangle is 
mostly nonaugitic and consists essentially of a felsitic matrix 
composed chiefly of orthoclase aud containing scattered pheno­
crysts of andesine with some hornblende and a little biotite. 
The rock in the large mass west of lola is dense and has few 
phenocrysts, particula.rly of mafic minerals. That exposed 3 
miles southwest of 76 Ranch is hornblende-augite-quartz latite 
containing anhedrons of a1;lgite. At another place the rock is 
dark red to maroon, slightly vesicular, and somewhat porphy­
ritic, with phenocrysts of hornblende and colorless feldspar. 
All these rocks differ from the quartz latite of the south 
end of Cooks Range in having, less hornblende. 

Charaoter and relations.-The andesite of the Deming 
quadrangle includes varieties containing abundant augite as 
·well as those with little or none of that mineral. It differs 
from latite only i~ having a groundmass composed principally 
of albite instead of orthoclase. It is not, therefore, typical 
andesite, being richer in soda than the normal type of that 
rock. Some of the andesites and latites, are not easily distin~ 
guished in the field, especially where they are much weathered, 
but most of the andesite is much finer grained than the latite. 

The andesite occurs chiefly in sheets interbedded in the 
agglomerate and tuff. Although some of' the sheets are higher 
stratigtilphically than the latites and some are lower, they all 
belong to th~ same general period of eruption. A number of 
andesite dikes cut Paleozoic strata and granite, latite, and 
agglomerate. 

Dislribution.-The largest sheet of andesite is in the foot~ 
hills of Cooks Range, 4 miles northwest of Fort Cummings. 
It is 200 to 300 feet thick and lies somewhat below the iatite. 
Several thin sheets of andesite are interbedded in the tuff 4 
miles west and southwest of Florida station at a horizon som~ 
what above that of the upper long sheet of 1atite. The lowest 
is 80 feet thick and extends southeast nearly· to the railroad j 
the others are thinner and their outcrops are short. A small 
sheet or stock of, andesite inclosed in the agglomerate lies a 
short distance below the base of the thick latite sheet 3 miles 



northeast of Mirage .iding and fonns a .man knob a few 
hundred yarde west of the railroad. An eastward-trending 
20-foot dike of andesite cuts the latite of the main sheet a mile 
northwest of this locality, and other dikes of andesite, with 
little or no augite, cut the agglomerate 2 miles northeast of 
Mirage. One of the dikes, or a sheet from it, extends to the 
railroad and is exposed in 8 lOO-foot cut, where it contains a 
little augite. Large dikes of andesite outcrop in Massacre 
Peak (see PI. VIII), in the small ridge half a mile west, and in 
the high ridge north of Puma Spring. They cut the agglom­
erate, and the mBSS in Massacre Peak is a stock. The dikes in 
the ridge Ilext west and south trend northwest or at right 
angles to the larger masses. A dike of very mafic character 
cuts the granite 2-! miles northeast of China Tank. Other 
dikes cut the granite just south of Cf!.pitol Dome in the 
Florida Mountains. A thin sheet of andesite occurs in the 
agglomerate at Capitol Dome, and another caps the small 
knob of agglomerate in the faulted block a mile southeast of 
Area del Diablo. A small outcl'OP on tlle' slope west of Little 
Florida Mountains is apparently overlain by rhyolite. The 
andesite in the Florida and Little Florida Mountains contains 
little or no augite. Fragments of andesite occur in the agglom­
erate at many places. 

Petrography.-The andesites of the area are of medium-dBrk 
color, with inclination toward purple tones. All Bre fine­
grained and compact, and none are vesicuillr, though fluidal 
texture is commonly revealed by thin sections. Phenocrysts 
of oligoclase-andesine or andesine and brown hornblende, with 
a few good-sized crystals of biotite, are embedded in a finely 
and in places imperfectly crystalline groundmass of feldspar 
ranging from albite to oligoclase. The hornblende phenocrysts 
are commonly altered to chlorite, and in most specimens there 
is considerable calcite. The andesite contains more or less 
augite in some localities j in others none is recognizable though 
it may once have been present in small amounts. Accessory 
minerals are magnetite, titanite, and apatite. 

The andesite occurring in dikes shows no special character­
istics but is finer grained and darker than that of the sheets. 
Some of it contains augite. A dike of andesite of highly mafic 
character cuts the granite 2. miles northeast of China Tank. 
It is a dark dense rock containing small phenocrysts of horn­
blende and augite. The groundmass is made up mostly of 
minute rods of andesine-labradorite. Secondary calcite is 
abundant. The andesite of the dikes cutting the granite of 
the Florida Mountains is dense, dark, finely crystalline, and 
porphyritic. 

QUARTZ BASALT. 

Oharacter and distrihution.-In the l'E'gion south and south­
west of Fort Cummings the igneous sheet next above the 
latite consists of dark coarse-grained, distinctly porphyritic 
rock, having white phenocrysts of striated feldspar iu a purp­
lish-gray aphanitic groundmass. Its composition ranges from 
that of quartz basalt to that of olivine-bearing andesite, but it is 
all of the same general appearance and quite unlike' the igneous 
rocks above and beneath it. Parts of the rock now contain 
no olivine, but apparently its absence is due to alteration, for 
in some specimens there are outlines of an altered mineral 
which appear to indicate its former presence. 

The largest exposures are in the center and on the eastern 
.Iope of the large dome-shaped uplift half a mile ,outh of 
Fort Cummings, where the sheet h8s been bared by the 
r.emoval of the overlying rhyolite and tuff. It is also exposed 
along the bases of the ridges, 2 and 3 miles south of the fort, 
where the outcrop is repeated ·by faulting, and remnants.of a 
widespread sheet cap some of the ridges on either side of the 
main road, east and north of Massacre Peak. An interrupted 
outcrop also extends along the slope South and southeast of 
that peak, on the west side of the structural dome. The south­
westernmost exposure is a quarter of a mile northwest of 
Puma Spring. 

The ,heet is at leaat 200 feet thick in the dome ,outh of 
Fort Cummings, but it thins toward the west and is probably 
discontinuous iu places along its western outcrop. In the 
center of the dome ,outh of the fort the lowest rock look, vfJ!'Y 
coarse grained, whereas the main body appeal'S to be only 
moderately coarse; both have the same mineralogic composi­
tion. The sheet is overlain by tuff and agglomerate contain­
ing a thin sheet of andesite and extending up to the base of 
the thick rhyolite sheet capping the main ridge. This relation 
is general throughout the area south and southwest of the 
fort, but the thickness of the intervening body of. pyrocIae.tic 
rocks ranges from 40 to 150 feet. Beneath the quartz baaalt 
sheet there is also some agglomerate between it and the main 
latite body. This is well shown ill the outcrop 2 miles west of 
the fort, where 40 feet of ash intervenes between the two 
,heets. 

Petro!P'aphy.-The quartz basalt has a rough surface and is 
almost black. It contains moderately abundant phenocrysts 
of andesine-labradorite. Mica and hornblende phenocrysts in 
fair abundance are indicated bF typical outlines filled with 
secondary minerals, but the original minerals are gone. In 
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sonie specimens the olivine, completely altered to an ag:gregate 
of what appears to be sel'pentine and limonite, is moderately 
abundant j in others it is represented only by outlines which 
resemble it. Augite ,forms small phenocrysts as well as rods 
and anhedrons in the groundmass, which is fine grained and is 
composed of small plagioclase laths, augite rods, and magnetite 
specks, in a matrix of poorly crystalline feldspar, some of 
which, probably orthoclase, has a blocky habit. Accessory 
minerals are apatite, magnetite, and zircon. The rocks from 
diff'erent outcrops diff'er somewhat either in having more or less 
olivine or else in having more or less orthoclase in the matrix. 
Therefore they mnge from olivine-bearing ·latite to basalt, 
although in the character of their feldspar they show a closer 
rela.tion to the more sodic rocks. 

Quartz, in xenocrysts measuring 1.1 millimete.rs across, is 
common, some sections showing ten or more fragments of it, 
though two of the sections examined did not include any. 
The grains are bordered by a reaction rim of augite, and most 
of them have the irregular outline indicative of resorption by 
the magma. 

In all theae rock, the majority of the feld'par phenocry,ts 
are bordered by rims of inclusion and many of them show 
indistinct boundaries against the groundmass, as if the pheno­
crysts had continued to grow after the groundmass had begun 
to crystallize .. Areas ·having outlines suggesting hornblende 
and now filled with aggregates of augite crystals indicate that 
the hornblende was resorbed by the magma and recrystallized 
as augite. 

Distrwution and relatiom.-Keratophyre occurs in sheets 
and dikes in numerous places in the quadrangle. The largest 
mlUlS outcrops for a short distance along the foot of the western 
'lope of the Little Florida Mountain,. (See ,ection b, fig. 8, 
p. 10.) Its relation. are not well expoaed, but it app"'" to 
cut or to be faulted a.gainst the obsidian and tuff that underlie 
the main sheet of felsitic rhyolite. A thick dike, characterized 
by thin, nearly vertical plates of reddish rock, cuts the rhyolite, 
obsidian, and tuff in the southeast corner of the same range. 
Thin sheets, too -small to be mapped, are interbedded in the 
lower part of the pyroclastic deposits at and near Capitol 
Dome. A large vertical southwestward-trending dike, 20 to 30 
feet thick in places and nearly a mile long, cuts the agglom­
erate 4 miles northwest of China Tank and outcrops as a long, 
narrow ridge. It has two short branches near its middle. A 
similar dike with nearly the same thickness and trend crosses 
the bol,on slope a mile farther .outh. A ,mall dike cuts tb. 
EI Paso limestone half a mile north of Capitol Dome, and 
similar dikes cut the granite south of the dome. A sman dike 
of quartz keratophyre traverses the granite west of Capitol 
Dome. A ,hort di,tance south of Arco del Diablo a large dike 
of keratophyre, 15 to 25 feet thick, extends from the bottom 
of the mountain nearly to the top, cutting the granite for a 
thousand feet or more. As it is less resistant than the granite, 
its course is marked by a deep ravine in the slope, in which 
the relations are clearly exposed in places. Along the contacts 
much epidote is develope~ in nodules arranged parallel to the 
granite. 

Ckaraeter.-The rock in general is fine grained and dark 
gray; it has no quartz and few mafic minernis and is highly 
sodic. It is apparently intermediate in composition between 
hornblend~ andeeite and the felsitic rhyolite and the quartz 
keratophyre weat of Capitol Dome. Its texture i, generelly 
felsitic but with a tendency toward the development of small 
feldspar phenocrysts, commonly less than half a millimeter 
long. Some· masses ha ve a light-greenish tinge due to grains of 
epidote. 

Petrography.-The microscope reveals a well-developed por­
phyritic fabric, though individual crystals are everywhere 
small. The groundma8S" is microfelsitic and contains abundant 
smaU phenocrysts of feldspar ranging from albite to oligoclase. 
Most of the original feITomagnesian minerals are replaced by 
calcite or epidote, which are abundant secondary minerals. 
The epidote, to which most of the greenish color is due, is 
irregularly disseminated. Magnetite, apatite, and titanite are 
accessory minerals. 

The dike of quartz keratophyre traversing the granite west 
of Capitol Dome baa orthoclase phenocry,t, 6 millimeters long 
rather sparsely distributed in a microgranuhtr groundmass of 
quartz and albhe, with a few grains of magnetite. The pheno­
crysts are apparently of local development, for some specimens 
contain none. 

RB:YOLITB. 

Di6tribution and relationB.-Rhyolite occurs at many places 
in the quadrangle, but the largest exposures are in a widely 
extended sheet or succession of lava sheets lying not far 
above the ,heet of quartz baaalt west and south of Fort 
Cummings. Originally the sheet was much more extensive, 
but much of it has been removed by erosion, especially in the 
wide dome above Massacre Peak. The ea.sterly dip carnes it 
beneath the bolson southeast of the fort, and it may extend 
underground in that direction for some distance. "A dike of a 

similar rock appears on the western side of the Little Florida 
Mountains and there is a small outcrop of it near the north 
end of that range. Other exposures are fouild neai' the south­
west corner of the quadrangle and in a small knoll 4 miles 
west of Black Mountain. A ,mall ,heet cape the hill of 
agglomerate east of Fluor Camp, and another mass appears in 
a low knoll half a mile southeast of the cap. A small wedge 
of the rock occurs in the prominent knob half a mile northeast 
of Massacre Peak. 

The sheet south and west of Fort Cummings lies on tuff 20 
to 150 feet thick and beneath a flow of quartz basalt. In most 
places it consists of two flows, the lower one light colored and 
coarse grained, the upper one pinkish and fine grained. At 
One place on the ridge, 1 t miles BOuth of the fort, the two are 
aeperated by a bed of volcanic aah 16 feet thick. No overly­
ing beds are exposed e~cept near the fort, where there is a much 
younger basalt. 

Character.-The rhyolite presents some diversity in appear­
ance though but little in composition. In texture it ranges 
from compact and semi vitreous to dense Rnd porphyritic with 
prominent phenocrysts of quartz, feldspar, and mica and in 
color from white, in the more vesicular varieties, through vari­
ous shades of gray and pink, the pink inclining to purple 
tones. In mineral composition it is uniform, consisting of a. 
glassy axiolitic, partly devitrified groundmass, in which are 
phenocI'YSts of quartz, sanidine, plagioclase, biotite, a~d gener­
ally brown hornblende. Biotite is everywhere present, .but 
hornblende is moderately abundant in some places and absent 
in others. 

Pe/trograpky.-The den,e porphyritic rock of the large 
sheet 1}- miles southwest of Fort Cummings is representative 
of the rhyolite as • whole. It i, pinki.h and to the unaided 
eye shows small· phenocrysts of quartz, feldspar, hornblende, 
and biotite in a pink felsitic groundmaBB. The biotite flakes 
have a characteristic coppery brown color. Quartz pheno­
crysts are abundant and commonly have corroded outlines, 
although some single crystals which in part have weH-rounded 
outlines are·also angula.r in part. Fragments of quartz crystals 
are partly resorbed and associated with other fragments not so 
aff'ected. These conditions indicate fracturing, probably by 
flow movement in the cooling lava. at the surface or during 
eruption, subsequent to the corrosion by the magma. 

The feldspars are s~nidine and plagioclase in about equal 
proportions. The plagioclase differs somewhat in composition, 
but in general, as indicated by the index of refraction, it is 
sodic andesine, approaching oligoclase. The feldspar pheno­
crysts, like those of quartz, are both resorbed and fractured, 
the plagioclase in particular showing marked corrosion. Horn­
blende is conspicuous. though nowhere abundant. Biotite 
phenocrysts are more abundant than those of hornblende. 

The groundmass is strikingly axiolitic, and it seems almost 
certain that tbe axiolites have been formed by devitrification 
around flattened or collapsed gas cavities, as they have in 8. 

similar rhyolite fron). the Silver City quadrangle, on the north­
west. There is considerable glass remaining, more in some 
specimens than in others. The index of refraction of the 
groundmass as a whole is almost exactly the same as that of 
the sanidine. The ratio between groundma88 and pheno­
crysts averages about 3 to 1. Accessory minerals are titanite, 
in crystals nearly 0.5 millimeter in length, and magnetite. 

Other specimens of rhyolite range in color from white 
through varying shades of gray and pink, and in texture from 
moderately vesicular to compact bnd almo.st glassy. A few 
specimens contain abundant fmgments of pumice, most of 
which was doubtless showered into the lava during its eruption. 
In mineralogic composition there is variety in the propor­

I tions of the feldspar phenocrysts, plagioclase, and sanidine. 
In some of the rocks plagioclase is slightly in excess, in others 
sanidine predominates slightly. Some of the masses contain 
no hornblende, in others it is abundant. The proportion of 
glass in the gronndmass diff'ers j a black obsidian from the west 
baae of the Little Florid. Mountain, is almo,t wholly glaBS. 
Its relations are shown in figure 8, b (p. 10). 

l!'ELSITIO BRYOLITE. 

DiBtribution.-Felsitic 'rhyolite, or dacite, of varying com­
position, closely related to the biotite-hornblende rhyolite, 
outh'rops at several localities in the quadrangle. Some of it 
is in irregular masses, formed perhaps in the necks of old 
volcanoes, as in Red Mountain and in the White Hilla. In 
the Little Florida Mountains there is 8 widespread sheet of 
this rock. It also occurs in dikes, one of which cuts the 
agglomerate on the Florida Mountains ea,t of Capitol 
Dpme. A long dike crosses the Florida Mountains south of 
Area del Diablo, cutting the Lobo formation, agglomerate, and 
granite. Several masses of unknown structure rise out of the 
bolson southwest of lola and northeast of Spalding, and another 
small mass separates rhyolite from latite in a hill 6 miles west 
of lola. 

Oharacier.-The felsitic rhyolite i, fine grained and mostly 
white, though in places it is brownish red, gray, or light 
purplish gray. It, composition ranges from nearly that of 



normal rhyolite in one direction to that of quartz keratophyre 
in the other, but the differences can not be recognized in the 
field, and owing to their small size the crystals are difficult to 
determine with certainty under the microscope. There is prob­
ably a gradation through all stages from rocks high in potash 
to those high in soda. 

A characteristic of the rock is its spherulitic structure, which 
is perfectly developed in some places. A chalky appearance 
and texture is a further peculiarity at most places. Part of 
the large sheet in the Little Florida Mountains is vitreous and 
contains some fragmental material in its lower part; near the 
central part of the mountains it is much silicified. A large 
part of it is pale brownish pink. 

Petrography.-The felsitic rhyolite in Red Mountain and the 
'Vhite Hills is almost pure white, of uniform felsitic texture, 
and almost entirely free from phenocrysts. The microscope 
shows orthoclase and abundant quartz in micropegmatitic 
intergrowth. Spherulites of feldspar and perhaps some quartz 
are recognizable but are not so prominent as in many of the 
other masses. Ferrornagnesian minerals are represented only 
by scatterea specks of iron oxide, mostly hematite, and a very 
little biotite. Zircon is a moderately abundant accessory. 

Other occurrences of the rhyolite differ in minor respects 
from the one above described, but although the color ranges 
from white to dark gray or pink, there is little diversity in 
texture. A little biotite and minute rods of bluish amphibole 
are recognizable in thin sections. In the massi ve rock at the 
base of the main flow at the middle of the west side of 
the Little Florida Mountains the rhyolite is vitreous, reddish 
brown, and somewhat banded. It contains much secondary 
quartz, due to silicification. The orthoclase is radial, and there 
is some blue amphibole. t:!ome of the rock at the north end of 
the mountain is similar but also includes fragmental matter. 

Obsidian.-At the west base of the Little Florida Mountains 
there is a thin sheet of black obsidian lying between ash and 
agglomerate and overlying rhyolite for some distance. It is 
8 to 20 feet thick and its outcrop is repeated by faulting, as 
shown in figure 8, b (p. 10). 

Distribution and character.-Dikes of rhyolite porphyry, 
doubtless closely related genetically to the rhyolites, traverse 
the granite west of Arco del Diablo and 2 miles south of Gym 
Peak and form a small group of knolls 4 miles southwest of 
lola. All are closely similar, not differing greatly from the 
felsitic rhyolite in appearance and ranging in color from almost 
pure white to light pink. They have a dense felsitic ground­
mass, through which are scattered small phenocrysts of quartz 
and clear colorless feldspar. 

Petrography.-Under the microscope the rhyolite porphyry 
1S seen· to consist of phenocrysts of quartz, sanidine, and albite 
in a microgranular to micropegmatitic groulldmass of quartz 
and orthoclase, with perhaps a little albite. Most of the 
quartz phenocrysts are nearly idiomorphic, but some are 
rounded and pitted considerably by corrosion by the magma. 
Sanidine is less abundant than quartz. Albite phenocrysts 
are few and are generally partly sericitized. 

The rock of the dike cutting the granite 2 miles south of 
Gym Peak, in the south end of the Florida Mountains, exhibits 
a peculiar feature in that each phenocryst, whether of quartz 
or feldspar, is surrounded by a band 0.5 millimeter wide, 
which appears darker and deu.ser than the rest of the ground­
mass. This darker band i8 generally bordered in turn by a 
narrow ring of white, which serves to set off the whole sharply 
against the greenish-gray groundmass. A clouded condition 
of the feldspars, as well as the ,,,hole appearance of the rock, 
suggests secondary action by vapors or solutious as the prob­
able cause of the peculiar alteration. 

QUATER~ARY IGNEOUS ROCKS. 

Distribution and relations.-The youngest volcanic rocks of 
the quadrangle are flows and dikes of basalt. The rock is 
fine grained, black, and exceptionally hard. Some of the rock 
in the flows contains gas cavities, but that of the dikes is 
coarser and dense. ' 

The flows lie on and perhaps are also interbedded with the 
boison deposits. A thick sheet caps Black Mountain (see PI. 
IX) and dips beneath the bolson at its east end. A smaller 
mass, probably connected underground with the other, rises 
out of the bolson 2 miles northwest. An irregular flow under­
lies the area about Fort Cummings ~nd rises in low ridgel;i 
east and west of the fort. A long, thin dike cuts granite, 
porphyry, and sandstone in Fluorite Ridg-e, and a small one 
cuts across the southwest end of Black Mountain. Another 
cuts limestones and associated rocks 5 miles northwest of 
Fryingpan Spring, and two branched dikes, 20 feet thick, 
cut tuff It miles south of Massacre Peak. A small mass, 
probably a flow, lies in the valley 6 miles southwest of lola. 

Petrography.-The basalt in the flows is of nearly uniform 
appearance. That of Black Mountain is completely crystal­
lized and contains phenocrysts of feldspar and red olivine. 
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Crystals of olivine 1.5 millimeters long are the largest seen 
under the microscope. They are generally clear in the center 
but are changed around the borders and along the cracks to 
yellowish-red iddingsite. Laths of calcic labradorite, between 
which are packed small anhedrons of augite, olivine, and 
magnetite, make up the remainder of the rock. The gas cav­
ities are partly filled with calcite. 

The basalt of the other flows differs from that nbo\-'e de­
scribed only in minor particulars. The flow at Fort Cummings 
is in part highly vesicular, and the cavities are filled with 
zeolites, some being lined with thomsonite, others with 
heulandite, and others have a layer of thomsonite between an 
outer coating of heulandite and a central filling of heulandite 
in radial aggregates. 

The basalt of the dikes is coarser and of more uniform 
texture than that of the flows. The dike cutting the agglom­
erate at the west end of Black Mountain is instructive because 
it is but little weathered and because it exhibits the beginning 
of an alteration which has progressed so fllr in the other basalts 
as partly to obscure their original nature. The rock is almost 
black, thoroughly crystallized, and contains a small number 
of phenocrysts of lath-shaped feldspar and irregular crystals 
of oli yine. The microscope shows crystals of feldspar 2 milli-

FLORIDA MOUNTAINS. 

The Florida Mountains consist mainly of granite and 
agglomerate, the latter constituting the high rugged ridge at 
the north end of the range. Paleozoic limestone also occurs 
in several areas, one large mass occupying the crest for a 
short distance east of The Park. 

In generaI the range has a monoclinal structure with an 
easterly dip. It may form the eastern limb of an anticline 
with its axis beneath the bolson on the west or may be 
bounded on that side by a fault. The strata are tilted in 
several directions but are not folded to any great extent. At 
Capitol Dome tile strata dip to the east and the underly­
ing granite outcrops along the lower part of the western slope. 
(See PI. III.) This easterly dip also predominates in the 
strata neal' The Park. At Gym Peak, as shown in section c, 
figure 5, the strata are slightly arched and in the faulted 
blocks on. the west are some shallow synclines. Near its 
north end the range is crossed by a profound fault trending 
nearlv east~ and the Paleozoic strata of The Park and the 
Gym~ Peak area are cut off orr the south by another great fault. 
The salient stl'uctmal features of the range are shown in the 
sections in figure 5. 
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FIGURE 5.-Structure sections across Florida Mountains. 
a, Through Ca.pitol Dome; b. through Arco del DIablo, c, through Gym Peak; d, along the length of (be range through South Pea.k and east of Areo del Diablo "', Pre·Oambrlan 

granite; -t:b, Bliss I)B.ndstone; Oop, EI PMO limestone; Om, Montoya limestone; Ca. Gym limestone; Ci', bb\.Ck shale member (p".sibly Percha); 1i1. Lobo formation; Tli, 
Te:rtiaryagglomerate; Tk. keratophyre dike, T/"felsltlorhyollte; T,p, rhyolite porphyry dikes, Qb •• bolsondepoBlta. 

meters long and irregular crystals of olivine a millimeter across 
in a matrix of smaller feldspar laths, small olivine and augite 
anhedrons. and magne'tite grains. The olivine crystals are 
altered along the borders and along cracks to a peculiar 
aggregate of secondary minerals of a general light-green color, 
including an almost colorless fibrous to lamellar mineral with 
high double refraction, probably talc. This mineral appar­
ently grades into a light-green to medium dark green variety, 
similar in other respects to the colorless mineral. Secondary 
brown biotite is also common in the aggregates. The augite 
is almost unaltered. Most of the other basalts now contain 

, no fresh olivine, as it is wholly altered to the felted green and 
brown aggregate above described. In some specimens calcite 
is abundant. 

The basalt of the dikes is evidently of nearly the same com~ 
position as that of the flows, but it differs from it in texture 
and in mode of alteration. The oli vine in the flows has been 
altered to iddingsite, that in the dikes to the talc-biotite aggre­
gate just described. 

STRUCTURE. 

GENERAL FEATURES. 

In the Deming quad vangie the rocks outcrop in isolated 
ridges and hills so widely separated by bolsons that the general 
structure can not be determined. None of the structural 
features indicate flexures or dislocations of more than local 
extent; hence the structure and resulting distribution of the 
rocks beneath the bolsona can be only surmised. 

The relations in the Florida Mountains suggest the eastern 
limb of an anticline, but that the Snake Hills are the western 
limb of the same flexure is purely conjectural. Sarten Ridge 
and the ridges west of it define a roughly circular synclinal 
basin rising on the south into the anticline of Fluorite and 
Goat Ridges. A great fault extends diagonally across Cooks 
Range, with a drop of several thousand feet on its east side, but 
there are no other large strike faults. Possibly the lowlands 
now occupied by the bolsons are downfaulted blocks, but there 
is 110 evidence to that effect, and in general it seems more 
lik/ly that the depressions are chiefly due to ~rosion of the 
softer rocks of the younger formations, especially the soft 
shales and sandstones of late Cretaceous and early Tertiary age. 
On account of this lack of knowledge no attempt has been 
made in the sections on the structure-section sheet to show 
the structure elsewhere than in the ridges. 

Faults are numerous, the larger ones crossing the range from 
east to west. The largest, which passes along the southern 
side of The Park and a short distance south of Gym Peak, 
dips 400 to 700 S. and has a throw of 2,000 feet along part of 
its length, where the granite is thrust' upon the upper beds of 
the Gym limestone. The slope of this plane is well exposed 
in the large spur south of The Park, where it dips 400 S. 
This fault branches in The Park, but along the northern 
branch the uplift is on the northeastern side, bringing up the 
granite and leaving a relatively depressed wedge-shaped block 
of Gym limestone and underlying strata between the branches. 
The block on the northeast is tilted eastward at a moderately 
steep angle and half a mile west of Gym Peak is cut off by 
another fault, which has a vertical uplift of 2,000 feet and 
extends south to the main fault. It also branches just north­
west of Gym Peak, one branch extending northeast and the 
other curving north j in both the u pthrow is on the east. 
Montoya limestone abuts against Bliss sandstone on the eastern 
branch 1~ miles northeast of Gym Peak, and Gym limestone 
abuts against granite on the western branch, east of the zinc 
mine. Apparently this fault branches again farther north, a 
western banch bringing upturned Montoya limestone in con­
tact with granite and the other branch cutting off the El Paso 
limestone in the spur half a mile southwest of Byer Spring. 
The tilted block east of The Park is cut off on the north by 
a large fault that lifts the granite against the EI Paso limestone 
on the main divide, as shown in section d, figure 5. The 
block is also crossed by several smaH step faults of 40 to 200 
feet throw, trending nearly east and well exposed in the cliff 
east of The Park but lost in the area of Gym limestone farther 
east. In the ridge extending northwest frolll The Park a 
fault trending northeast drops the Gym limestone to the level 
of the El Paso limestone, and another brings the El Paso 
limestone and the granite together a short distance southeast of 
ByeI' Spring. A mile falther southeast the plane of this fault 
appears to have a low dip to the east, as the granite-limestone 
contact slopes down the south side of the hill nearly to the 
northeast fault. 

On the slope 2 miles south of Gym Peak, the granite and 
some outlying lllasses of Gym limestone are so intricately 
faulted together that wedges of the limestone are partly 
included in the granite, and a tongue of granite projects 
through the limestone at one place. The relations suggest 
igneous intrusion, but the granite is eYidently a wedge carried 
westward between two fault planes into the limestone mass" 



which is underlain and overlain by granite on planes dipping 
gently eastward. (See fig. 6.) The limestone near the contact 
is shattered and brecciated and includes fragments of the gr,an­
ite but is not at all metamorphosed, and the coarse red granite 
shows no textural change. A short distance southwest two 
other masses of limestone are overthrust on the granite; one of 
them has a sandstone member at the base. Possibly there is 
here a local overlap of Gym limestone on the granite, a relation 
which considerably simplifies the interpretation of structure. 

FIGURE 6.-SecUotJ through faulted blocks of Gym liwestone in graDit.e 
2 miles south of Gym Peak. 

~,. Pre-Cambrilln granite: ClI:. Gym limestone. The Ume~tona masses are apperently ,..edge­
shaped bodies between gently dipping t,brost tsul~. b, Detlliled ~ketch of Pllrt of section a 
showing the mUch·tra.ctured limestone inclosln/il" a rna"" of granit~. 

The fault near the north end of the range trends nearly 
east and has a vertical dil3placement of at least 2,000 feet, drop­
ping the agglomerate on the north side so that it abuts against 
rocks from the Lobo formation to granite. (See section d, 
fig. 5.) Southeast of Arco del Diablo another prominent east­
erly fault, shown in the same section, cuts the Lobo formation 
and agglomeratej its vertical throw is 400 feet. A simiiar but 
smaller fault crosses the range a mile south of Capitol Dome. 
Just south of Capitol Dome a northeast fault, with a vertical 
throw of more than 1,500 feet, lifts the granite to the base of 
the Lobo formation. The fault plane dips 45° NW. and for 
part of its course is occupied by a dike of rhyolite porphyry 20 
feet thick. In places the strata are upturned along the fauIt 
and dip to the north. The fault is shown in figure 7. 

FIGURE 7.-Detailed section through Capitol Dome, showing relation of 
Lobo formation to pre-Lobo fauIt. 

11:', Pre-Oambrian granite, £b, Bliss ..... udowne; Oep, El Paoo lime"tonll; Om, Monto~'a Hme.tone; 
"101. LGbo tGrmatlGn. unconformable on oWn formation" which b&d been pl'i.Ivlou.ly r",ul(ed; 
To&". Tertiar~' agglomerate; T,p, rbyollte porphyry dIke. 

The movement occurred long before Lobo time, for south of 
the fault the Lobo formation lies on the eroded smface of the 
granite. The plane of erosion crosses the fault and extends 
across the edges of the Montoya and El Paso limestones to the 
west and north. These relations indicate that during or after 
the faulting there was a great amount of erosion, which 
removed from the uplift side of the fault the sandstone and 
lilllestone which overlie the granite just north, and doubtless 
more or less of the granite also, for the granite plane beneath 
the Lobo formation may be much lower in the granite mass 
than the granite plane beneath the Bliss sandstone. Also at 
the time of faulting the area may have been overlain by more 
or less Gym limestone. This last formation remains exten­
sively a few miles south but is absent in the overlap north of 
Capitol Dome, in which the Lobo formation lies on the eroded 
lmrface of the middle members of the Montoya limestone and 
still farther north extends lower on the EI Paso strata. 

LITTLE FLORIDA MOU1\TAINS. 

The Little Florida Mountains consist of a thick sheet uf 
felsitic or vitreous rhyolite included in the great agglomerate 
series. Apparently the horizon is somewhat above that of the 
agglomerate exposed in the Florida Mountains, as the latter 
range lies slightly west of the line of strike of the rocks in the 

FIGURE S.-Sections across Little Florida l'!founta.ins, showIng rhyolite 
lava flows interbedded in the Tel'tiary ,agglomerate and the repetition 

. of beds by step faulting, in southern part of range. 
a, Section &cross oenter or rang<!; b, Bect!on acro~" sonthern part of range. TO£., Tertillry 

agglomerate; Tro. rhyolite obsidian;' Tlr. felsltlc rbyollte lava; Tk, Intrullive keratophyl'i.l; 
Qb •• bolsonde~si~. 

Little Florida Mountains. There may, however, be a fault 
between the two ranges. The felsitic rhyolite appears to be 
mainly the product of one outflow or of a succession of out-
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flows without intervening deposits, and probably it ends by 
thinning out not far beyond the terminations of the ridge. 
Some other igneous masses are exposed in places on the west 
slope. The structure of the Little Florida Mountains is 
shown in figure 8. The upper section shows the relations 
along the greater part of the ridge, and the lower shows cer­
tain local features of the faulted portion farther south. 

All the rocks dip to the east at low I1ngles, which are mostly 
less than 10°. In the northern part of the area the direction 
of dip is from 100 to 200 to the north of east; farther south it 
is due east. This dip carries the main sheet of felsitic rhyolite 
far under the agglomerate to the east; hence its thickness and 
extent in that direction are not known. The thickness in the 
mtddle of the mountain, as shown in section a, figure 8, is 
about 600 feet, and it gradually diminishes both to the north 
and to the south. In the gap which crosses the ridge near the 
north end the thickness is less than 150 feet, but it increases 
again to double that amount in the knob on the northwest. 
Near the center of the mountain the underlying deposits of 
volcanic ash and other fragmental materials extend about half­
way up tile western slope, but the altitude of the contact dimin­
ishes both to the north and to the south. 

The relations shown in the western part of section b, figure 
8, are due to two or more faults, which appear to extend for 
some distance along the western slope of the southern half of 
the range. At this place and farther south the rhyolite sheet is 
underlain by a flow of obsidian 8 to 20 feet thick, which in 
turn lies on a bed of compact, coarse volcanic ash of greenish 
tint. The faults cause the repetition of this characteristic suc­
cession in two prominent steps on the slope. The obsidian 
appears again at the edge of the bolson in the base of a small 
knoll consisting of keratophyre, which is in a local sheet or 
dike probably faulted into its present formation. A short dis­
tance southeast of section b the blocks shown in that section 
are displaced by a southwest fault. As the down throw is on 
the east side, the outcrops on that side offset to the southwest. 
The blocks east of this transverse fault slope down to the 
south, and this structure, together with the thinning of the 
igneous sheet, forms the southern termination of the ridge. 
The easternmost of the longitudinal faults continues to be a 
conspicuous feature to the end of the mountain_ Near the 
southeastel'll termination of the slopes is a low spur, caused by a 
dike of keratophyre that cuts agglomerate and underlying vol­
canic ash for a short distance. The rock is reddish and is 
jointed in vertical plates, which strike a few degrees east of north. 

Just west of the gap which crosses the northern part of the 
Little Florida Mountains a long narrow ontcrop of the felsitic 
rhyolite extends from the main felsite sheet some distance 
into the bolson on the west. It is probably a dike or feeder of 
the sheet, by which it reached the surface at the time of its 
eruption. In the western slope, half a mile south of this dike 
or feeder, the strata under the main igneous sheet are traversed 
by a small dike of hornblende-biotite rhyolite which appears 
to have disturbed the beds considerably and to have caused 
greatly increased silicification in them. There are several 
small outcrops of~rhyolite, felsitic rhyolite, and andesite in the 
bolson a short distance west of the foot of the Little Florida 
Mountains, but they afford no evidence of their relations or 
underground extent. 

COOKS RANGE. 

In the extension southward of Cooks Range into the Dem­
ing quadrangle two very distinct structural areas are separated 
by the great fault that extends along the east side of' Sarten 
Ridge. On the west are Cretaceous and underlying strata 
penetrated by 'porphyry; on the east is the great agglomerate 
series with its included masses of Tertiary and Quaternary 
igneous rocks. These' two areas will be described separately. 
The ridges west of the great fault are the direct extension 
southward of the Cooks Peak uplift; and the southeastern edge 
of the porphyry laccolith of that peak extends a few rods across 
the northern line of the quadrangle. Some of the structural 
relations of this area are shown in section A-A on the structure­
section sheet. The most conspicuous feature in this area is 
the great crescentic ridge of Sarten sandstone, known as 
Sarten Ridge, which culminates in a sharp peak on the north­
ern margin of the quadrangle. The sandstone ridge extends 
still farther to the west and then to the southwest along the 
southeastern side of an QutIying laccolith of porphyry and 
finally sinks beneath the agglomerate. In Sarten Ridge the 
sandstone is underlain by the Lobo formation and' the Gym 
and Lake Valley limestones, which outcrop along the northern 
and eastern slopes of that ridge until finally cut off by the 
great fault north of Fryingpan Spring. A small amount of 
the Percha shale in this area is cut by the porphyry of the 
main Cooks Peak laccolith. There is a large intruded mass of 
the porphyry on the southern slope of the high sandst!?ne 
ridge and some small dikes and sills of it farther east in Sarten 
Ridge. At two places the Sarten sandstone is exposed beneath 
the Colorado shale, and doubtless it underlies an area of con~ 
siderable extent in· the syncline west of Sarten Ridge, but 
it is mostly covered by agglomerate and later deposits. 

Sarten Ridge consists of a wide exposure of Sarten sand~ 
stone dipping south of west and finally passing beneath bolson 
deposits at the south end of the ridge. 'rhe great. fault passes 
along the foot of the eastern side of the ridge and brings the 
agglomerate against the Smten sandstone, the Lobo formation, 
and the Lake Valley limestone in turn from south to north. 
At Fryingpan Spring the Sarten s~ndstone, with strike nearly 
south and very low dip to the west, abuts against agglomerate 
striking northwest and dipping northeast, in most places less 
than 20°. The vertical displacement is probably more than 
2,000 feet, but the precise amount is not determinable. Half 
a mile south of Fryingpan Spring a deep canyon in Sarten 
Ridge cuts through the sandstone and reveals the underlying 
Lobo formation in a small area. A few rods southeast of that 
place a small mass of limestone appears along the fault, prob­
ably a wedge slightly more uplifted than the Sarten Ridge 
block. It appears to be Gym limestone, but no fossils were 
obtained on which to base precise correlation. The beds are 
nearly horizontal and lie on conglomerate, of which the top 
outcrops a few yards east of the road. 

The southern extension ~of Cooks Range, east of Sarten 
Ridge, consists of the great agglomerate series and its included 
igneous masses, the latter mostly in sheets. There is pre­
sented an alternation of strata and interbedded lava flows, 
mostly in regular succession from southwest to northeast, for 
the dip is generally to the east and northeast at a moderate 
angle_ Several faults break the succession in places and the 
whole is cut off diagonally on the west side by the great fault 
extending along the east foot of Sarten Ridge. To the east the 
agglomerate passes beneath the bolson deposits, and these also 
form an irregular border along its southern and southwestern 
portions. About Fort Cummings some later basalts lie on the 
margin of the series. The lower members of the agglomerate 
series exposed present a thick succession of deposits of frag­
mental volcanic materials, with a few small dikes of various 
rocks. Interbedded brown quartzites constituting the two 
prominent knobs 3 miles north-northwest of Mirage are excep­
tional features, for apparently they do not contain igneous 
material. Higher in the series several other strata of sedi­
mentary origin, sandstone, shale, and conglomerate, inter~ 
bedded with the agglomerate, dip nearly 40 due east. In the 
steep, high ridge northeast and east of Wilson Ranch the 
first gren.t sheet of latite appears, lying in the agglomerates, 
with which it dips 100 NE. Above this sheet a thick suc­
cession of flows and local deposits of agglomerate, tuff, and 
ash all dip northeast at low angles. North of the Wilson 
Ranch, however, an anticline or dome is indicated by westerly 
and southwesterly dips, mainly in an area limited on the east 
by a crescentic fault that cuts off the beds irregularly. The 
sedimentary and fragmental rocks thicken and thin from place 
to place and include thin flows of andesite, which thicken to 
the east and south, notably in the foothills southwest of 
Florida. station. A widespread sheet of quartz basalt varying 
in part to olivine andesite is an important member of the 
series west of Florida, station, and not far above it is a wide­
spread sheet of light-colored rhyolite, which outcrops exten­
siyely in the high ridges south of Fort Cummings. There 
fire two flows of the rhyolite separated by a deposit of vol­
canic ash, which in most places is 100 feet thick. Two faults 
cut the rocks in the ridges south of Fort Cummings, repeating 
the succession of rocks from quartz basalt to rhyolite along 
two zones of outcrop. The individual relations of these fa,ults 
are shown in section B-B on the structure-section sheet. 

Northwest of Fort Cummirigs'the igneous rocks occur in thick 
masses in the agglomerate and seem to thin out and disappear 
to the northwest. Here the beds generally dip eastward and 
northeastward at different angles, but on the curved outcrops 3 
miles northwest of the fort they dip southeastward. On the 
west this area of igneous rocks is cut off diagonally by the great 
fauIt and on the east it disappears beneath bolson deposits. 

South of Fort Cummings the rhyolite and underlying rocks 
lie in an oval dome, whose axis trends southeastward. The 
rhyolite is removed from the crest of the dome and the 
quartz basalt is reyealei:l. It extends down to the bolson to 
the southeast. 
, Iu the area about Puma Spring and for several miles to the 

north there is a low dome lying between the faults. One of 
its most notable effects is the outcrop of the sheet of rhyolite 
in the high ridge west of the spring, where the dip is to the 
southwest at a moderate angle. This sheet appears to be at 
the same horizon as the rhyolite in the other areas, 2 miles 
northeast, and is similarly underlain by ash and quartz basalt. 
Northward toward Massacre Peak and the main road the dome 
is nearly flat and the sheets of igneous rock pitch down to the 
north. At the fault half a mile northeast of Massacre Peak. 
the rocks dip steeply eastward, notably the wedge of rhyolite 
forming the 5,050-fool peak, which dips 20' ENE. 

FLUORITE RIDGE. 

Fluorite Ridge consists of a thick central mass of porphyry 
so intruded as to cause an irregular, dome-shaped uplift elon­
g~ted to the northwest. The beds on the southern and eastern 



sides of the dome stand nearly vertical, but those on the north· 
ern and western sides have more moderate dips. The plane 
of intrusion is low in the Paleozoic strata at the southeast 
end of the uplift, but it rises rapidly north and west to the 
base of the Sarten sandstone. Along pa.rt of the southwestern 
slope of the ridge, where the porphyry extends down to the 
edge of the bolson, the structural rela.tions are not revealed. 
At the south end of the ridge two faults cause considerable 
complexity of structure. (See fig. 9.) The crystalline rocks 

FIGURE e.-Section across the eastern part of Fluorite Ridge. 
II', Pre-Cambrian granite and dlorUe: {:b, BJjs~ .... ndstone: O.p, EI Paso lime~toDe; 05f"" Mon­

toya aDd probably Fusselman limestones: Dp, Percha Ilha\e; Clv, Lake Valley limestone; 
K., Barten sand.tone: Tq. Ttlrtiary agglomerate; Tgp, gl"a.n.lte porphyry; Qb., bol80n depo~­
I,B; Qb, basalt dike. 

exposed on the lower slopes southwest of Fluor Camp Hl'e red 
granite and diorite, both of them in part gneissic and the 
granite in places porphyritic. A slight vertical fault on the 
north side of the granite at one point brings it in contact with 
beds as high as the middle of the Bliss sandstone. In some 
places at the contact of the granite and Bliss sandstone there 
are limy shales, in others reddish quartzitic sa.ndstone which 
extends in conspicuous ledges along the slope of the ridge for 
half a mile. At one place they are ofi'.t:!et to the north by a 
cross fault. The sedimentary beds dip steeply north and pre~ 
sent a succession above the Bliss sandstone of El Paso lime· 
stone, Montoya limestone and cherty beds, probable Fusselman 
limestone, Percha shale, and the lower part of the Lake Valley 
limestone. Some of them are greatly squeezed, notably the 
El Paso limestone, which presents a thickness of only 400 feet 
at the east end of the ridge 'and somewhat less on the west 
side. The cherty members of the Montoya limestone are very 
conspicuous in the high knob at the southeast corner of' the 
ridge. There is lack of evidence as to the age of the lime­
stone north of the ·Montoya ledges, and possibly the succession 
is interrupted by one or two faults running west near the 
north end of this limestone knob. 

The plane of porphyry intrusion descends considerably 
soutllward across the beds in the saddle at the north end of 
this knob, but in the slopes just east and west of the saddle 
the Percha shale appears, and where the plane of porphyry 
intrusion rises still higher to the northeast, several hundred 
feet of the lower part of Lake Valley limestone are exposed. 
Farther east and north are several great masses of white silica 
rock, mostly surrounded by porphyry. Its character indicates 
that it is limestone replaced by silica. One of these masses 
extends as a foothill ridge for some distance north of Fluor 
Camp, where at one place it is 90 feet thick. A small out~ 
lying knob of it rises above the agglomera.te a quarter of' a 
mile east of the camp. The age of this silica rock is not 
known, and it may be either the Lake Valley or the Montoya 
limestone-probably the Montoya, as shown on the map. 

A fault of considerable magnitude, with dow-nth row on the 
east, extends along the east end of Fluorite Ridge and cuts off 
the granite and sedimentary beds west of Flu.or Camp so that 
they all abut against the porphyry on the east. Possibly, 
however, the porphyry vms intruded since the faulting. There 
are some indications that a branch of the fault extends northeast 
just beyond Flnor Camp arid passes east of the silica ridge, and 
if so it may be a continuation of the great fault north of the 
bolson deposits, that passes through Fryingpan Spring. The 
slickensided plane of this fault is exposed in some of the 
fluorite 'workings just west of the c..'1mp, but whether it cuts the 
agglomerate or only separates it from the porphyry is not 
known. The agglomerate appears all around the flanks of 
Fluorite Ridge, but the exposures are so obscure that the rela­
tions to the porphyry are not exhibited; in places they a.re 
undoubtedly separated by fanlts. No fragments of' granite 
porphyry similar to that in the intrusive mass were observed 
in the agglomerate, a fact which suggests that the porphyry 
may be younger than the agglomerate, or at least of the pol'· 
tion of it in this vicinity. A mass of breccia of considerable 
size lies on the southern slope of Fluorite Ridge, just west of 
the liu'lestone knob that constitutes the southeast end of the 
ridge. This breccia consists mainly of' large masses as well as 
abundant smaller fragments of gneiss, apparently brought up 
by the porphyry as a. friction breccia, or by explosive eruption, 
from the pre-Cambrian rocks, which are not" far beneath. 

The structure of the central part of Fluorite Ridge, as shown 
in section B-B on the structure-section sheet, is very different 
from that of the east end. There is a long slope of porphyry 
down to the bolson ~n the southern side, and the Sarten sand­
stone dips steeply on the northern side, forming a dip slope 
from the top of the ridge, where it presents a high cliff facing 
south, east., and west. On the eastern side of this high central 
ridge there is probably a cross fault continuous with the fault 
crossing the road 2 miles farther north. At one point in the 
cliff at the summit of Fluorite Ridge the sandstone is under­
lain by a small amount of conglomerate of the Lobo formation, 
which lies on the porphyry. (See PI. VII.) West of the 
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high central ridge the plane of porphyry intrusion descends to 
the point where the Sarten sandstone arches over the igneous 
body in an anticline that pitches into a shallow cross syncline 
in the gap across the west end of the ridge. West of this place 
the porphyry rises again, creating a low ridge whose crest and 
northern slope are composed of porphyry. Large masses of 
agglomerate project above the bolson along the base of' this 
portion of the ridge, especially on' its northern side. Contacts 
of the porphyry and sedimentary rocks are exposed in several 
places in this area, notably near the centra.l peak, where long 
projections of igneous rock extend into and across the strata 
and cause considerable alteration of all the rocks. 

The Sarten sandstone of the central peak of Fluorite Ridge 
dips north, as before stated, and is probably cut off on the east 
by a fault that crosses the ridge and trends northward 
through the Pony Hills. The sandstone extends some dis~ 
tance north from the foot of the ridge in a line of low cliffs 
facing east and marking this fault, which is traceable through 
Pony Hills and beyond the old Butterfield road. Near that 
road granite appears on the east side of the fault, also farther 
west in· the midst of the Pony Hills, and it also extends along 
the ridge just north of China Tank. 

PONY HILLS. 

The Pony Hills, the small group of low hills in the center 
of the structural ba·sin lying between Sarten Ridge and Fluor­
ite Ridge, consist of outcrops of Sarten sandstone and of gran~ 
ite, but the relations of the rocks are obscured considerably, 
especially on the west, where they are mostly covered by 
grayel and sand of the bolson deposits. The most conspicuous 
feature is a cliff of Sarten sandstone which extends south from 
the old Butterfield road and which is nearly continuons south~ 
ward with a low spur of the Fluorite Ridge. Low hills of 
gneissic granite, separated from the sandstone by a fault, rise 
just east of this sandstone area. (See fig. 10.) 

FIGURE lO.-Section across Pony Hills, showing supposed block faulting. 
.1:', Pre-Ca,mbrlan granite; K" 8arten sandstone; Qb., bolllOD deposits. 

In the rolling hills west of the main body of sandstone there 
are outcrops of schistose granite, in one place penetrated by a 
dike of' diorite. These rocks are in contact with sandstone, 
and, although possibly there is regular overlap along a.n old 
shore line, the relations are probably due to faulting of 
several small blocks. The lowest sandstone exposed is coarse 
but not more so than some of the beds at higher horizons. 
Much of the contact of the larger mass of sandstone and of 
the smaller masses to the west is covered by sand and gravel. 
The sandstone in the two knolls northeast of the road is 
typical Sarten, but its relations to the granite are not revealed. 

GO~4..T RIDGE. 

Goat Ridge rises labout 500 feet above the bolson and is on 
the prolongation of the strike of the anticline of Fluorite 
Eidge. It is an elongated dome, whose axis trends northwest 
and brings up the Sarten sandstone. The slopes and crest 
consist of rocky ledges of sandstone and quartzite which have 

. been eroded through along the western slope and in the south 
end of the ridge and expose the underlying Lobo formation 
nearly if not quite to its base. At the foot of the ridge more 
or less agglomerate is exposed, which at the north end is cut 
by a dike,of keratophyre extending northeastward beyond the 
main road which passes east of the ridge. 

SNAKE HILl.S. 

The Snake Hills, sometimes called the Rattlesnake Hills, 
consist of a ridge of limestone which crops out across the south­
ern part of T. 24 S., R. 10 W. Its length is about 2,. miles, 
and the knobs of the high summits are mostly from 150 to 
200 feet above the plain. The east half consists of the EI 
Paso limestone, dipping 50_8° 'V. and thus exposing about 
700 feet of beds. The we'st half consists of the overlying 
Montoya limestone, which first dips west a.nd then is flexed 
ill a low dome, deeply eroded in its center and almost flat 
along the west side of the ridge. The cherty beds of the 
Montoya limestone form the dominant topographic features, 
giving rise to the high central buttes. The structure is shown 
in figure 11. 
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FIGURE 11.-Sectlon across Snake HUls. 
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The succession of rocks in the Montoya comprises a dark 
massive limestone at base, next a lower chert member, then 
a medial membel' of dark massive limesto~e presenting low 

cliffs, and at the top a highly cherty member capping the 
highest knob and extending down the west end of the ridge. 
This rock appears again in a small outcrop rIsing out of the 
bolson a few rods northeast of the west end of the ridge. The 
basal contact of the massive lower member of the Montoya 
limestOlle on the El Paso limestoIl;e shows evidence of' ilncon~ 
formity by erosion or channeling but no notable discordance 
in dip. 

RED MOUNTAIN. 

Red Mountain consists of a l!}rge mass of nearly white fel­
sitic rhyolite rising abruptly out of the bolson 10 miles south­
west of Deming. Much of the rock is closely jointed so that 
it weathers into nearly vertical plates and slabs mostly trend­
ing north. At its northeast end the mass appears to dip to the 
northwest but presents no other suggestion of structure and no 
evidence as to its thickness. At the base of the slope on the 
south a small exposure of dark bluish-gray agglomerate, pre~ 
sumably underlying the rhyolite, consists of fragments, all 
angular, of andesite or latite. At other points the rhyolite or 
its talus extends down to the edge of" the· bolson deposits. It 
is probable that the igneous mass of Red Mountain was 
extruded in a highly viscous condition, so that it piled up 
thickly without extending far beyond its present area. The 
time of its extrusion and its subsequent history are not known, 
but if it is of the same age as the other masses of similar rock 
it was once covered by agglomerate. 

BLACK MOUNTAIN. 

Black Mountain, which rises high above the bolson 8 miles 
northwest of' Deming, consists of a sheet of basalt about 250 
feet thick, capping a mass of volcanic ash and sand. (See 
PI. IX.) Apparently the basalt sheet is the remnant of a 
flow or series of flows which originally had considerably 
greater extent. At the west end of the mountain the base 
of the basalt is about 500 feet above the bolson, and the 
long slope below shows deposits of sand and volcanic ash aild 
tuff, largely covered by talus of the black rock from the 
cliffs above. The sheet dips to the E.fst ·at a low angle, 
which carries it beneath the surface at the east end of the 
mountain. How much farther it extends underground and 
its former extent to the west are not known. A small outly~ 
ing mass separated by erosion caps a knob on the south-central 
slope of the mountain. A small area of similar rock appears 
in two low buttes 2 miles northwest of Black Mountain, 
and the two masses' may be connected underground. The 
basalt of Black Mountain is mostly dense and massive, but 
portions are somewhat cellular, and in a few places, especially 
near the basal contact, the cellular structure is so highly devel. 
oped that the rock is a scoria or pumice. The basal.contact 
appears to be a smooth plain, so far as can be inferred from 
widely scattered exposures. The underlying beds of frag­
mental materials dip .east at about the same angle as the over~ 
lying igneous sheet. The principal component is sand, more 
or less mixed with volcanic material in the form of ash and 
pumice. Some portions contain cross-bedded pebbly streaks. 
Low down the southwest corner of the mountain igneous rocks 
cutting these sediments are exposed. One mass is a sheet of 
dark-gray obsidian glass or perlite 4 or 5 f'eet thick. It has a 
circular outcrop and presents low cliffs to the south and west 
and is apparently connected with a vertical dike on the east . 
In the center of this area is a small intrusive body of a light­
colored biotite rhyolite, with pronounced cleavage into slabs. 
A few rods southwest of this locality a small knob about 50 
feet high, separated from the foot of Black Mountain by a low 
saddle, consists of a vertical dike of basalt 15 to 20 feet wide, 
cutting the agglomerate along a northerly course. Possibly 
this was a feeder for the main outflow of the basalt of Black 
Mountain, but the surface connection has been removed by 
erosion. 

BURDICK HILLS. 
I 

The Burdick Hills are a series of outlying knolls at the edge 
of a h~gher level or step in the plains of bolson deposits south 
of the valley of Palomas Arroyo. These hills are made up 
largely of small masses of various igneous rocks, which show 
but little of their relations to one another. There is an eastern 
or outer rim of hornblende latite, some dikes and probable 
stocks of felsitic rhyolite and quartz porphyry, and some 
small showings of hornblende-biotite rhyolite. No contacts 
are clearly exposed except in the larger area in the southeast 
corner of T. 26 S_, R. 11 W., where the agglomerate appears, 
cut by dikes of rhyolite and quartz porphyry. At one point 
farther west there is a small showing of black basalt similar to 
that which appears in Black Mountain. 

MIDWAY BUTTE. 

Midway Butte is a knob of felsitic rhyolite rising out of the 
bolson 3 miles south-southeast of Midway. ·A short distance 
to the southwest is another very small knob of thy same rock. 
The knobs appear to be stocks, but no details of their structure 
or relations are revealed. 



GEOLOGIC HISTORY. 
GENERAL SEDIMENTARY RECORD. 

The rocks of the Deming quadmngle afford a partial record 
of geologic events in the region from pre-Cambrian time to the 
present. The sedimentary rocks consist of' limestone, sandw 
stone, shale, sand, loam, and gravel, all presenting more or 
less variety in composition and appeHrance. The principal 
materia18 of 'which they are composed were originally gravel, 
sand, or mud derived from the waste of older rocks, or chemi­
cal precipitates froUl salty waters. The 'composition, appear­
'anee, and relations of the strata indicate in some measure the 
conditions under which they were deposited. Sandstone that 
is ripple-marked by water and cross-bedded by . currents and 
shale that is cracked by drying on mud flats indicate deposits 
in shallow water; pure limestone indicates open seas and 
scarcity of land-derived sediment. The fossils in the strata 
may belong to species known to inhabit waters that are f~sb, 
brackish, or salt, warm or cold, muddy or clear. 

The character of the adjacent land may be indicated by the 
sediments'derived from its waste. The quartz salld and peb­
bles in coarse sandstones and conglomerates had their source 
in older rocks, but much of them has been repeatedly redis­
tributed by streams and concentrated by wave action, on 
beaches. Red shale, such us that of the Lobo formation, 
results as a rule from the revival of erosion on a land surface 
long exposed to rock decay and oxidation and hence covered 
by deep residual soil. Limestone, on the other hand, if 
deposited near the shore, indicates that the land was low and 
that the streams were too sluggish to carry off coarse material, 
the sea receiving only fine sediment and matter in solution. 

The· older formations exposed about Deming were laid 
down in seas that covered a large part of the 'west-central 
United States, for many of the formations are continuous 
throughout a vast al·ea. The land surfaces were probably 
large ishmds of an archipelago coextensiye in a general way 
with the present Rocky Mountain province, but the peripheral 
shores ure not even approximately determined for anyone 
epoch, and the relations of land Hnd sea varied greatly from 
time to time. The'strata brought to view by the uplifts in 
southwestern New Mexico record many local variations in the 
geography and topography of the ancient land. 

PALEOZOIC ERA. 

One of the notable events of early Paleozoic time in North 
America was the wide expansion of an interior sea oyer the 
west-central region. The submergence reached the Rocky 
Mountain province in the Cambrian period, and for a time a 
large pa.rt of the province remained as land rising above the 
waters. Its rocks were granites, gneisses, and in some areas 
limestones, sandstones, and quartzites of Algonkian age. From 
these ancient crystalline rocks streams and ""aves gathered and 
concentrated sand and pebbles, which were deposited as a wide­
spread sheet of sandstone on sea beaches, partly in shallow 
waters offshore and partly in estuaries. Sediments containing 
this local material abut against the irregular surface of the 
crystalline rocks which formed the shore. Subsequently, the 
altitude being reduced by erosion and the area possibly 
lessened by submergence, the land yielded the finer-grained 
mud now represented by the shale in the upper portion of 
the Cambrian in some areas. In southern New Mexico and 
the adjoining regions on the east and the west the surface of 
the crystalline rocks was finally buried beneath the sediments. 

Southern New Mexico was submerged by the sea during 
parts of Ordovician and Silurian time, and thick deposits of 
calcium carbonate were laid down, forming limestones that are 
now prominent members of the stratigraphic series. Several 
widespread uplifts of the region during this long period of 
time caused protracted interruption of sedimentation, and 
doubtless also the resulting land surfaces were more or less 
extensively reduced by erosion. The older formations were 
not deformed, howe\'er, and the erosion of the land progressed 
in such a way as to produce no marked irregularities in the 
floor on which the succeeding formation was deposited. To 
what extent the interruptions in the rock succession were' due 
to the cessation of deposition and to what extent to the removal 
of sediments is not kno:wn, but presumably the former was the 
principal. agency. 

DEVONIAN PERIOD. 

In parts of the Southwest the Devonian is represented by 
extensive deposits of lime~tone, but in southern New :\.fexico 
only black shale appears and it represents but a small part of 
later Devonian time. This meager reeord is probably due to 
the fact that during a large part of the period the region was 
covered by an extensive but shallow sea or that the land was 
so low as to leave no noticeable evjdence of erosion. On the 
other hand, it is possible that the sea was so deep and the area 
so far from shore that it did not receive 'appreciable 'deposits. 
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Whether it remained land or sea or alternated from one con­
dition to the other, the region shows no evidence of having 
undergone any considerable general uplift or depression until 
early Carboniferous time, when there was an extf'nded subsi­
dence, which deeply submerged a large part of the Rorky 
).Iountain province. 

Under the marine conditions of early Carboniferous time 
calcareous sediments, now represented by several hundred feet 
of nearly pure limestone, known as the Lake Valley lime­
stone, were laid dow~ in southern New l\fexico and adjoining 
regions. As no coarse depo-gits of this age occur, it is 'probable 
that no crystalline rocks were then exposed above water in the 
immediate region. 

In 'later Carboniferous time several widespread oscillations 
of land and sea. alternately submerged the region aud pro­
duced shore and land conditions which continued for various 
lengths of time and affected somewhat different areas during 
"different parts of "the period. Apparently the entire Rocky 
~.fountain province was under water at times, when calcium 
carbonate, red mud, sand, and gravel were deposited in a 
widespread mantle. In the Deming region the earlier sedi­
ments of the Pennsylvanian series are absent, but the later por­
tion of' the Carboniferous period is represented by limestones, 
which are thick in the Florida Mountains and lie on an irreg­
ular surface that was developed by subaerial erosion. There 
is uncertainty as to the representation of latest deposits of the 
Carboniferous period, for the age of the Lobo formation is not 
indicated by any evidence at present available, and it is tenta-. 
tively classified as Triassic (?). That before the deposition of 
the Lobo there was uplift accompanied by more or less tilting 
and that great erosion ensued is shown by the fault at Capitol 
Dome, where an uplifted block was planed oft' 1,000 feet or 
more before Lobo deposition. 

MESOZOIC ERA. 

As the Triassic and Jurassic systems are not known to be 
represented in southern New Mexico, it is probable that the 
area was a land surface for a long time during the early part 
of the Mesozoic era. Because of the unconformable relations 
of' the Leibo formation to both the overlying and underlying 
rocks, however, that formation is tentatively classified as Tri­
assic (?), but it may represent late Carboniferous or even early 
Cretaceous time. It" is not unlikely that some deposits were 
laid down in the Triassic or Jurassic period, even if they were 
only the products of streams or lakes and were removed by 
erosion prior to the Cretaceous period. Aside from some 
widespread planation there was at this time no notable defor­
mation of 'preceding formations and apparently no develop­
ment of irregularities of land surface that persisted. During 
the Cretaceous period a great 'series of deposits of several 
kinds, but generally uniform throughout ,vide areas, was 
accumnlated in a large part of the western United States. 
Probably, however, some portions of the central part of the 
Rocky Mountains were not submerged at the time or were 
land surfaces during parts of' it. In the southern part of the 
general aFea there were open seas in the earlier part.of the 
period in which extensive depolSits of calcium carbonate were 
laid down. The Cretaceous sediments began with such as are 
characteris,tic of shallow seas and estuaries along a coastal 
plain, passing into sediments from marine waters and chang­
ing toward the end to fresh-water sands and clays with marsh 
vegetation. In the Deming region a thick body of nearly 
pure, sand was dep~sited in Comanche time, mainly on the 
surface of the Lobo formation but possibly overlapping on 
granite in the Pony Hills region. It is now the Sarten sand~ 
st.one, and, although that formation does not outcrop in the 
southern part of the quadrangle and in adjoining regions on 
the east and the west, it probably was deposited over a wide 
area. The later Comanche deposits and also the Dakota sand­
stone appear to be absent, as the Sarten sandstone is succeeded 
by the Colorado shale but without notable evidence of uncon­
formity to represent the long period of time between them. 
The shale is a product of marine depositi.on, which was of 
great extent in the Rocky Mountains and adjoining provinces. 
In the Deming region only a small thickness of the shale 
appears, and, although later rocks of the Cretaceous period 
were probably deposited, they are buried under the agglom­
erate or the bolson deposits. 

CENOZOIC ERA. 

The great accumulation of agglomerate, which occupies so 
large a part of southwestern New Mexico, is believed to have 
taken place chiefly during Tertiary time, although some of the 
deposits may be of Quaternary age, and some may be as old as 
Cretaceous. The Tertiary was a period of great igneous activ­
ity, for at times thick sheets of lavas of various kinds were 
extruded and a vast amount of fragmental volcanic material 
was ejeded. The location of the vents or volcanoes is not 
known, but undoubtedly they were, largely ·local ·and are 

represented in part by the stocks and dikes now visible. 
There were also intrusions of igneous rocks among the sedi~ 
mentary strata, mainly the porphyries, which welled up as 
great laccoliths in Cooks Range and Fluorite Ridge, as well as 
in the TreB Hermanas Mountains south of the quadrangle. 
Water was an important agency of deposition during the 
accumulation of the agglomerate, for there are intercalated beds 
of sand, conglomerate, and ash which were laid by water. 
The great mass of the agglomerate, however, was erupted, 
largely, no doubt, as mud flows and showers of coarse ash and 
rock fragments. At intervals surface lavas of several kinds 
were extruded, first andesite and latite and then quartz basalt 
and rhyolite. The felsitic rhyolite and keratophyre were also 
extruded, but their relations to the other sheets are not known. 

After this epoch there was extensive tilting and faulting of the 
region, and probahly much of the present configuration was out~ 
lined. The depressions, filled later with bolson deposits, were 
then excavated and the country was rougher than at present. 

QUATERNARY PERIOD. 

In Quaternary time the wide depressions received a thick 
filling of gravel, sand, and clay, borne mainly by streams, 
which built up the great plain or series of wide bolsons now 
extending from the Rio Grande to the Continental Divide. 
The material came from the mountains and ridges j some of it 
was brought from afar; and, as much of it is fine grained and 
its thickness is great, a long time was required for its deposi­
tion. At times there were outflows of basalt on the surface. 
Erosion has since cut trenches in the bolson deposits. The 
canyons and draws in the mountains ahd ridges are now being 
cut deeper; the alluvial fans on the mountain slopes receive 
more 01' less detritus from time to time; and freshets spread a 
thin mantle of sand or silt on parts of the bolsons during the 
occasional freshet overflows. 

ECONOMIC GEOLOGY. 

Several minerals of commercial value occur in the Deming 
quadrangle and some of them have been worked to a moderate 
extent. Fluorite from mines north of Deming has been the 
principal product, 'and small amounts of lead, copper, and 
silver ores have been mined in the Florida Mountains. Lime­
stone has been quarried for burning lime, a small amount of 
loam has been burned into brick, the sandstone of Sarten 
Ridge has been quarried for building stone, and caliche has 
been utilized for road metal. 

FLUORITE. 

The following statements are condensed from a detailed 
account of the fluorite deposits by E. F. Burchard. 1 

From the southeast end of Fluorite Ridge there was mined 
in 1909 to 1911 about 9,000 tons of the mineral fluorite. 
Fluorite consists of calcium fluoride and a small anlount of 
impurities and is in considerable demand in the manufacture 
of open-hearth steel and for several other purposes. The 
fluorite occurs in steep-dipping veins, mostly in the porphyry, 
and ordinarily it is of exceptionally good quality. The veins 
range in thickness from a few inches to 12 feet or more, but 
their general range in the workings is from 2 to 5 feet. They 
extend along planes of fracture of the rock, some of which are 
slightly faulted. One set of veins strikes N. 17° E. to N. 27° 
E. and another set N. 6° E. to N. 18° W., but others strike at 
different angles between K. 1'7 0 E. and K. 18° W. There are 
three principal areas, one at Fluor Camp, a second a quarter 
of a mile or more to the northeast, and the third about a mile 
to the northwest. In 1912 a fourth mine was opened "still 
farther west, and a vein was uncovered in the bolson nearly a 
mile east of the camp. 

The opening at the camp is in porphyry near the fault plane 
which passes along the east side of the limestone ridge and 
separates the Ordovician limestones from an extension of the 
main porphyry mass. 1n the largest pits the vein has been 
wor,ked to a depth of 80 feet and for a distance of about 100 
fe~t along its north-northeast course. The vein dips 65°-
700 SE. and is from 4 to 12 feet thick. Other veins have 
been opened at other points in the immediate vicinity. 

At the openings northeast of the camp the fluorite vein 
appears to be along a fault plane, with agglomerate on the 
east side and chert on the west side. The deepest workings 
are 75 feet deep. The vein is 1 to 8 feet thick; its course is 
S. 100 W., and it stands nearly vertical. There are several 
minor twists in it and some slickensides and other indications 
of faulting. 

In the locality a mile northwest of the camp two veins 
of fluorite have been opened but not worked. They are in 
the porphyry not far below the overlying sandstone and 
stand nearly vertical. One vein is 1 foot to 4 feet thick and 
another averages about 1 foot, but the mineral is not all pure. 

Analyses made by the Colorado Fuel & Iron Co. of' carload 
lots of fluorite from Fluorite Ridge show a content of 88.3 to 

1 Darton, N. H., and Burohard, E: F., Fluorspar m~ar Deming. N. Mex.: 
U. B. Geol. Bur\'ey Bull. 4'70, pp. 588-1545, 1911. 



· nearly 94 per cent of CaF 2' the average being 92 per cent. 
The principal impurity, silica, ranges from 3.84 to 9.85 per 
cent, iron oxide and alumina from 0.63 to 1.12 per cent, and 
calcium carbonate from 0.48 to 1.12 per cent, the latter per­
centage being in the fluorite that contained 94 per cent OaF 2. 

Compared with fluorite from Colorado, Kentucky, Illinois, and 
other places the Fluorite Ridge mineral averaged much higher, 
notwithstanding the fact that it had not been washed. The 
total production during the two and a half years that the 
mines were in operation was about 9,000 tons. 

I,EAD A1\D SILVER. 

Many mining claims have been located in the Florida Moun­
tains, but only a few of them have developed valuable mineral 
deposits, principally silver-bearing lea.d ore in the limestone. 
Several smull mines have been developed, which from time to 
time have produced sufficient ore for shipment, but in 1913 
only one silver mine was in operation. It is known as the 
Silver Cave and is in the limestone high on the southeastern 
slope of Gym Peak. This mine is reported to have yielded 
ore to the valu/} of $60,000 in 1905. The workings consist of 
a tunnel and several small stopes. The ore is silver-bearing 
galena, which occurs as a replacement of the limestone. 

ZINC. 

At the Mahoney mine, just west of Gym Peak, a number of 
pits and a long drift in the limestone follow a series of small 
irregular masses of oxidized zinc ore. It is reported that con­
siderable blende was found at this place in 1914 .. Zinc ore 
has also been mined in smnH quantity from the limestone 
on the western slope of Capitol Dome. 

COPPElL 

Some small leads of copper ore have been worked in the 
granite along the western slope of the Florida Mountains and 
small shipments have been made from two localities. The ore 
is chalcopyrite and other copper sulphides, which impregnate 
the granite in part along joints and in zones of shattered rock. 
The hodies, so far as known, are small and irregula,r. One 
mine, abandoned long ago, is a short distance south of Capitol 
Dome. Here there is a vein trending N. 620 E. and dipping 
80° SE. Two tunnels 'were run; one is 280 feet long, the 
other, 120 feet distant and lower on the slope, is 420 feet long. 
A 100-foot shaft, 40 feet above the upper tunnel, connects with 
the lower tunnel by an incline. 1 

BUILDING STONE. 

Many of the rocks in the ridges about Deming are suitable 
for building stone, and some of them would be of considerable 
value for that purpose if they were nearer to market. The 
granite and various other igneous rocks would dress and 
polish satisfactorily and there are sandstones of several varieties. 
Some of the limestone could be used for gray marble. The 
only developments are two quarries, one in the Sarten sand­
stone, on the main road a mile south of Fryingpan Spring, and 
the other in the tuff of the Florida Mountains, 2 miles northeast 
of Areo del Diablo. The sandstone is nearly white and is 
easily worked in blocks of good dimensions. The quarry was 
opened to supply material for the county house at Deming. 
The quarry in tuff is small but has exposed a large amourit 
of excellent gray freestone in massive beds. Its color. is light, 
and although it shows some slight mottling by dark-gray 
fragments its general effect is good. . 

LIMESTO:NE. 

Limestone suitable for burning for lime or for the manufac­
ture of Portland C'ement i8 abundant in the limestone areas of 
the }~lorida Mountains, in Fluorite Ridge, and in the Snake 
Hills. Much of the EI Paso, Gym, and Lake Valley lime­
stones and parts of' the Montoya limestone that contain no 
chert are su'fficiently pure for those purposes, but there is at 
present no use for them. 

BRICK CLAY. 

Parts: of' the bolson deposits are loamy mixtures of clay 
and fiue sand suitable for making common brick, of which a 
small number have been produced, but the material has been 
used principally for making the larger, unburned bricks 
known as adobe, which are extensively employed in buildings 
in Deming and at ranches in the surrounding country. 

ROAD METAL. 

Rocks of several sorts suitable for road metal are available 
in endless supply in the various ridges, but so far they have 
not been utilized. Caliche, a 'mixture of sand and calcium 
carbonate that lies a short distance below the surface at many 
places, has been used for surfacing the main road north ~f 
Deming and has given excellent results, which should encour­
age the same treatment of other roads. 

1 Gordon, C. H., The ore deposits of New Mexico: U, S. Geol. Survey 
Prot. Paper 63, pp. 289-290, 1910. 
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SANl) AND GRAVEL. 

Sand and gravel for building occur at many places in the 
bolsons and the valleys leading into them. A small amount 
is dug in the vicinity of Deming for use in building, but the 
demand is small. 

SURFACE WATER. 

Slreams.-The streams in the Deming quadrangle flow only 
during times of freshet, and then the flow is of short duration. 

Frequently after rainy periods the water of the M~mbres 
flows as far as Spalding. Its main braneh, the San Vicente 
Arroyo, also is subject to frequent local floods, in which the 
water flows as far as the mouth of the arroyo. Streams flow­
ing out of Cooks Range are occasionally filled with water hy a 
succession of heavy storms and especially by <;loudbursts, but 
the flow is short-lived and rarely reaches the Mimbres. The 
same is true of Palomas Arroyo, which has a large ·watershed 
in the bolsons. Ordinarily, however, the flood waters even of 
a cloudburst sink into the porous soil. Often in the spring or 
early summer Mimbres River has a flood of such volume that 
the water is 10 to 15 feet deep and overflows the lower land 
adjoining its channel. This condition may last a few days, 
and it may recur two or three times in a season. Some years 
its maximum flow does not extend far beyond Deming, but 
occasionally it extends into the valley eHst of the Florida 
Mountains as far as T. 25 S., R. 7 'V., where it widens out 
into a shallow lake. From December, 1904, to May, 1905, 
and from January to April, 1906, the Mimbres flowed nearly 
to the Mexico boundary line, the only times in 18 years. In 
recent geologic times, however, it flowed through this valley 
and out into the Palomas Lakes and other basins in Mexico. 
At no distant time also it flowed through the wide bolson 
west of the Florida Mountains and found an outlet through 
the low pass between that range and the Tres Hermanas 
Mountains. 

In April, 1908, a gaging station was established on Mimbres 
River just below the Rio )Iimbres dam site, in sec. 7, T. 20 S., 
R. 10 W., about 6 miles northeast of Faywood Springs and 
about 10 miles northeast of Faywood station on the Silver 
City branch of the Atchison, Topeka & Santa Fe Railway. 

Gage-height records and discharge measurements have been 
obtained since 1908. The channel at the station shifts fre­
quently, so that numerous measurements are necessary to 
obtain reliable results:. Sufficient measurements have not been 
obtained to permit more than approximate estimates of flo'w 
for periods between measurements and at high stages. The 
following table, showing the monthly run~off in acre-feet, has 
been compiled from United States Geological Survey 'Vater­
Supply Papers 268,288, and 328: 

Monthly 1'Un·off in aere-feet of Mimbres River near Faywood, N. Hex. 

Juue ____ . __ 

1008 1~ 11910 19121191811914 

-----;:-;-~--I-~oo ~ 
030 ~45 142 88~ 

-- Msi 144 4118 248 

718 !: ~~~ 5~ 8,: I :: 
5'/'7 741 902 6M 

7.750 2,100 19S _______ _ 

7,e90 rol l,fl~ 2,640 M8 5,800 
8,750 212 1M 2,130 852 1,500 

Ja.nuary 
February _______________________ • __ 

March_ .. _ 
Aprll __ _ 

M., 
July 

S,OIIO Z7$ 0 roT 188 8,8110 

............................ -.::: \-.:~ ,,;,: ",~: H;~I;~ 
NOTII.-Owing to the shifting character of the stream bed and the few discharge mBB8ure­

ments no estimBt"a ot flow were made tor 19n. Gage out of oNer ):lay 11-16 and ~O, July 
00-25, &ud Aug. 12-16, 1014. 

The maximum daily flow from 1908 to 1913 was in August, 
1908,.when on two days the flow was estimated at 910 to 1,000 
second-feet, respectively, Probably this record was exceeded 
in the great flood of July 18 to 24,1914, but unfortunately 
the flow was not then determined, owing to a mishap to the 
gage. There was also a notable flood from Dec. 22 to 25, 
1914, with flows of 1,420, 1,270, 970, and 580 ~econd-feet. 

It must be remembered that these values for floods are,onlv 
roughly approximate and are subject to considerable erro;. 
The mean flows for 1909, 1910, and 1913 are 6.4; ,4.5, and 
8.6 second-feet respectively. Other notable flows 2 were 61 
second-feet for 14 days in October, 1908; 93 ilecond-feet, July 
13, 1909; 108 second-feet, August 14 and 15, 1909; 196 
second-feet, August 10, 1910. The ordinary flow is between 
1 and 8 second-feet, but the smallness of the' flow is due to 
the fact that much of the water is drawn off for irrigation 
above the gaging station. Accordingly, most of the' figures 
given above represent flood conditions, and the total amount 
of normal flow is not indicated. 

Springs.-Few springs of notably large volume occur in 
the Deming quadrangle, and even seeps or incipient springs 
are not common in the rocks of the ridges. The largest spring 
is on the Butterfield road just west of Fort Cummings. It was 
cleaned out hy the Government when the fort was established 
and made into a curbed well 15 feet in diameter and protected 

~ Second Bienn. Rept. Territorial Engineer to Governor of New Mexico, 
1908-1910, Santa Fe, 1911. 

by a roofed house. (Sl;'e PI. V.) Now the water is piped to 
Florida station for use on the railroad. This spring is largely' 
dne to a rock dam of rhyolite, which here crosses the small 
arroyo and forces the water that is flowing through the 
bolson deposita to rise to the surface. Its original source 
nnderground is not known, and it may either come out of 
sedimentary deposits covered by basalt or rise from the agglom­
erate, which doubtless· lies below. Fryingpan Spring rises 
along the great fault 2~ miles west by south of Fort Cum­
mings. It affords a small flow which runs down the draw a 
short distance and supplies cattle on the adjoining range. 
Puma Spring rises from the agglomerate a mile northwest of 
Wilson Ranch. It has been dug out as a small well and is not 
in use at present. Several small seeps and springs on the 
slopes' of the Florida Mountains are important watering places 
for goats a.nd cattle. Byer Spring, 3 miles southeast of Arco 
del Diablo, is the most notable of these, but its volume is 
very small. A small spring rises from the gl'Rnite in the east 
side of The Park and is used for watering a flock of goats. 
Several small springs have been found by digging pits in the 
granite and agglomerate. 

UNDERGROUND "TATER. 

A preliminary report on the underground water of Luna 
County and also a more detailed description of the wells have 
already been published. 3 

GENERAL CONDITIONS. 

The sediments underlying the wide bolsons include sheets of 
sand and gravel containing a large amount of water. The 
water-bearing beds lie at depths of 25 to 7.5 feet. The height 
to which the water rises differs considerably in different wells. 
The volume of water differs from place to place, but its aggre­
gate amount is great, and there al'e extensive districts in which 
it is available in' large supply for wells of moderate depth. 
Numerous wells have been sunk, and the underground condi­
tions have been determined in many parts of the area, but in 
some districts the water resources have not been ascertained. 
Much of the water so far developed is now being pumped at 
low cost for the profitable irrigation of many acres. There is 
a popular belief that the water is a wide extension of the u'nder­
flow from Mimbres River, but, although that stream originally 
had much to do with the deposition of the water~bearing mate­
rials, it does not furnish much of the water. One of the most 
important areas of underground water is about Deming and in 
the wide bolson extending south from that place on, the west 
side of the Florida Mountains. In this area a large volume of 
water near the surface is utilized for irrigation. 

By far the largest volume of water in the Deming quadrangle 
underlies the broad boison extending from Deming southward 
on the west side of the Florida Mountaip.s. Most of the wells 
in T. 24 S.,Rs. 8 and 9 W.; T. 25 S., R. 9 W.,; and T. 26 
S., Rs. 9 and 10 W.; and in the valley of Palomas Arro:vo 
find a large supply of water at depths of 5Q to 200 feet, 
which rises within 20 to 50 feet of the surface. The limit 
of the district in which this favorable cori"diffon- -exlsfsls-or 
great practical importance, fo~ the land outside of the area 
undedain by an adequate water supply is ,of no value for 
agriculture. Unfortunately, the undergroun~ conditions in the 
bolson deposits are difficult to trace without records of many 
wells, a.nd where these are lacking the limits of water-bearing 
strata can riot be known 'with precision. The Florida Moun­
tains and other ridges determine these ~imits in places, but the 
form of their slopes nnder the bolson deposits is np-t known. 
Doubtless also there are many small !unde~ground ridges of 
rock which approach so near the surfac~ 'as to cut 'off the circu:­
lation of'the underflow. Such underground ridges occur about 
lola. Probably a large part 'of the arel,l shown on the under­
ground water map as "water conditions not determined" is 
barren of serviceable underground supplies, and .in most parts 
of the areas in which the ",rater surface lies more than 50 
feet below the surface' the strata do not contain water in 
large volume. ,The broad valley or sink of the Mimbres east 
of t~e Florida Mountains appears not to contain satisfactory 
water supplies at moderate depths, for: some 'test borings have 
either found quicksand with little or no water or water that is 
saline. The conditions also appear to be unfavorable in the 
southwestern corner of the quadrangle and on the slopes 
adjoining Cooks Range. There is considerable water from 
100 to 300 feet below the surface, in the valley and' lower slopes 
north and east of Florida, but its volume has not been tested. 

A large amount of the water contained. in sand and gravel 
under the bolaons is deri \'ed from local r~infall. This amounts 
to about 10 inches.a y.ear, and although much of the water 
evaporates lJluch passes underground. Mimbres River' brings 
a certain amount of water into the region, and the flow which 

'Darton. N. H., Underground wat,erof Luna County, N. Yex.: U.S. 
Geol. Survey Water·Supply Papel' 345, pp. 25-40, 1915; Geology and under· 
ground water of Luna COUl~ty, N. Mex.; U. S. Geol. Survey Bull. 618, 1916, 



it gathers from the mountains has been passing underground 
for a long time and adding to the bulk of water in the coarser 
beds underlying the wide bolsons about and south of Deming. 
It is very difficult to estimate the amount of water that passes 
underground in a year on the bolsons as a whole, for a large 
amount of rain water is lost by evaporation, particularly in the 
deeper portions of the bolsons, where extensive accumulations 
of run-off water aTe prevented from passing underground by 
thick deposits of relatively impervious clay. Capillary action, 
which is especially strong in soils and subsoils in arid regions, 
greatly depletes the water absorbed by the soil from rainfall, 
for by this agency it is returned to the surface, where it is 
lost by evaporation. The extent of this action is well illus­
trated in the region by the accumulation of caliche, which 
is calcium carbonate brought up by capillary movement of 
the underground water and deposited in the soil. For these 
reasons it is impossible to estimate the proportion of the rain­
fall that passes underground. 

The principal sources of supply of underground water are 
the underflows of Mimbres River a,nd San Vicente Arroyo, 
which bring water from the mountains north and west. Mim­
bres River above Spalding receives the run-off from a catch­
ment area of about 600 square miles of mountains and hills 
with an annual rainfall of 12 to 20 inches. That there is 
great loBS by evaporation and other causes is proved by the 
surface flow gaged since 1908, at the dam site 10 miles above 
Spalding, which shows only about 4,000 to 30,000 acre-feet a 
year, the average being near 10,000 acre-feet. The additional 
underflow at that place may be estimated at not more than 
2,000 acre-feet a year. As this water is not now held by a 
dam, much of it passE'S down in floods, and where these over­
flow on the lowland adjoining ~he channel a fairly large pro­
portion is lost by evaporation. When it is held by the dam 
it will not be free to pass underground until it has done duty 
in irrigation, which will greatly increase the loss by evapora­
tion and correspondingly diminish the volume of underflow. 
On the assumption, however, that all of the estimated 12,000 
acre-feet passes underground and extends under the fourteen 
townships contiguous to the line of its southward flow to 
Palomas Lake along a course west of the Florida Mountains, 
the increment to the underground water in the area would be 
less than half an inch a year. 

The deposits that underlie the bolaons differ greatly in their 
capacity to hold water, not only from bed to bed but in the 
same bed from place to place. There are many strata of sand, 
most of them from 5 to 15 feet thick, separated by clay or 
other fine-grained materials. A few wells are reported to have 
penetrated more than 50 feet of sand in the aggregate, but 
generally the thickness is less than this, and some of the sand 
is fine grained and mixed with more or less clay. The strata 
reported in a few representative wells, as shown in the follow­
ing table, illustrate the variations in thickness and position of 
the water- bearing beds: 

Water-bearing sands in Deming quadrangle. 

LocatiOn. 
De~th 

" well, 
Depth •• I To<., 

tblck_ 
nasi, 

T, 28 S., R. 7 W.: Fe.t Feet. 

:iW. 1 sec. 12._ 
NW. i sec. 19.­
SW.l see. 2L 
SW. i Bee 25._ 
NE. ieee. 26.­
SW. 1 see. So.. 
N,W. 1 sec. BO._ 
NE. ieee. 34._ 

T. 28 B., R. 8 W.: 
BW. 1 sec. 12._ 
BW. i see.18._ 
BE. 1 sec. 19._ 

NW.l sec. 28.­
NW. 1 sec. i'lL 
NE. i sec. 26 .. 
E. center sec, 27 
NE. 1 sec. 28 __ 

BW. i sec. 8L 
NW. 1 sec, 82._ 
NE.l sec. 85 __ 

T. 288., R. 9W.: 
NE. i sec. 18._ 

SW. i Bec.25 .. 
8W. i sec. 21L 
SE. i eec. 26_._ 

Center sec. 26 
NE. t sec. 26 __ 
BE. leee. 27 .• _ 

BW.t sec. 27 .. 
NE. t sec. 29._ 
NW. leee. 80 •. 
NW, t sec, 8L. 

T, 24S., R. 7W.: 

NW.lsec,f. •. 

NE, 1 sec. If.. 

NW.lsec.lL! 

290 102, 280-258, 2118-268, 281)...284. 285-298. 41S+ 
147 70-78, 102-108, 180-147. 81 
195 74-87,89-117,177-195. ri9 
90 16-19, 50-60, 80-90. 28 
92 20-28,48-47,77-90. 20 

101 22-24, 29-85, 64-101. 45 
90 23-28, 82-88, 6.'i-71, 75-77, 82-86. 28 
98 51-53.68-64, 78-81, 88-84. 

105 65-72, 80-S1, 88-85, 88-92, 98-105. 21 
200 51-59, 110-151, 197-200. 42 
72 80-44, .58-70. 81 

115 45-50,56-60, 66-S0, 8&-92. 27 
95 25-88, 50-60, 711-90. 40 
92 2iJ....40, 52-62. 74-9~ 44 

108 2{1-28, 48-65, 72-75, 87-96. 87 
143 34-60, 66-88, 112-118, 186-148. 56 
156 29-45, 80-104, 140-156. 56 
120 78-84, 116-120. "15 

78 1~28, 68-78. 28+ 

215 
67-70,85-86,1011-105, 159-162, 185-191,199-

201, 210-212. 61S 
148 44-62,66-78,85-100, 122-185. 56 
150 42-68, 88-98. 86 
184 40-58, 74-80, 86-90, 145-160. 48 
142 45-62, 104-120, 130-140. 48 
160 40-50, 78-80. 88-90, 145-160. 84 
160 47-55, S5-105, 125-129, 140-145. 150-158. 41 
112 65-75,90-95. "15 
1M 61-68, 75-90, 102-108, 115-125, 148-154. 42 
208 65-88. 109-112, 190_200. 81 
120 65-96, 105-114. 40 

140 48-54, 66-70, 75-80, S2-86, 87-91, 92-106, 
107-140. 70 

1110 49-64, 75-82, 98-99, 128-130. 35 

15t1 46-78-, 77-S5, 87-08,JIQ-110, 113-128. 56 
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Water-bearing sands in Deming quadrangle-Continued. 

T. 24 B., R. 7 W.: 

Depth 

" well. 
Depths. 

NE. t sec. 12.. 128 49-58,66-68,70-78,90-91,94-107,121-128. 
NW. 1 sec. 12.. 106 48-58, 55-57, 60-64, 74-79, 94-99. 
BW. t sec. 12.. 122 48-58, 68-78, 88-98, 94-9'7, 102-122. 
NW, t sec. IB_. 122 66-67,71-78, 74-S1, S4-90, 91-99. 108-122. 
Sec. 26 .... __ .. 160 76-7S, 86-99,110-114,115-119,121-180,130-

T. 24B" R. 8W.: 
NW·lsee.2 .. _ 
NW. 1 sec. 5 .. _ 
NW. i sec. 6 .. _ 
NW·isec.7 .. _ 
BE. 1 sec. 20 .. _ 

NW·lsec.2L 
NW·isec.80 .. 

T. 24 B., R. \) W.: 
BE. isec. 4 __ •• 

SE. i sec. L .. 
BW. isee.12 .. 
BE. 1 sec. 12 .. _ 
NE.l sec. 18 .. _ 

BW·tsec.18 .. 
NW.lsee.18 .. 
BE. teee.14 .. _ 
NW.l sec. 14._ 
BW, i sec. 15 __ 

NW. t see. 21..1 

BW.l sec. 21._1 

::"11e::~'2~J 
!~. ~ S::~.2:~~~1 
NW. t Bec. 28._1 

T. 248., R.lOW':1 
NE. t sec. 12 __ 

1 
BE. 1 sec. 13 .. _ 

T, 24S., R.ll W':i 

:~. :e:~~~~J 
T.25S.,R.8W,: I 

NW. 1 sec. 18_.1 
T. 25 S., R. 9 W.: 

BW.i sec. 6 .. _ 
BW. 1 sec. 10._ 
NE. t sec. 20._ 
NE. i Bec. 22 __ 
NE. 1 sec. 29._ 

NW, •• ", ""I T. 25 B .• R.lOW.: 
BW·18ee.18 .. 

T. 25 S .• R. 11 W.: I 

T. 2::: ~,~c~~: __ 1 

NW·lsee. 
BE. 1 sec. 
8W. t sec. 
NW. t sec. ILl 
NW. i sec. 84._1 

144. 

96 17-31, 44-02, 88--96. 
114 54-65, 104-114. 
150 50-70, 85-110, 122-147. 
150 46-100. 

510 50-62, 485--508. 
510 82-3S, 60-65, 265-2'70, tll9-B25, 502-505. 

161 45-50: at intervals, 67-96. 

so 52-80. 
188 06-64, 68-74, 115-129. 
128 55-61,66-78,111-117. 

115 56-65, 78-86. 98-102, 108-118. 
128 58-68, 78-86, 100-114, 118-125. 

115 60-82,108-115. 
150 67-71, SO-85, 145-150. 

S5 50-62, 78-85. 
145 48-58, 65-72, 1(l'~112, 125-129, 188-1S8. 

100 59-62, 93-100. 
177 68-70, S3-S8, 16.5--177. 
Hi8 56-68, 124-184, 152-158. 
79 52-79. 
89 45-74. 

110 46-51, 65-69, 8.5-89, 94-98, lOS-lOS. 
145 50--60, 65-67, 71-74, 77-79. 103-108. 
203 58-75, 130-182, ·158-162, 180-182. 

18.5 64-90, 108-106, 113-118,127-130. 
20S 85-87, 118-11S, 145-14S. 196-208. 

105 95-105. 
300 78-80. 

85 52--56, 62-98. 

214 50-90, 110-148, 188-210. 
HiO 50-71'), 102-112, 135-145. 

148 52-69; at intervals, 108-142, 
110 41')--54, 74-84, 100-110. 

152 55-78, 97-112, 185-152. 
140 45-55, 75-S2. 

275 175-275. 

191 60--65,182-191. 

80 40-80. 
116 84-35, 52--80, 107-116. 

~:~ I :~~: ~~~=~~~: 145-155. 
80 : 8<Hl5, 40-48, 54-56, 60-65, 75-S0. 

"Not lncludmg first stratum. 
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It has been shown in preceding statements t~at the water­
bearing beds differ greatly in thickness, texture, and continuity 
from place to place, that it is therefore difficult to determine 
accurately the amount of water stored, and that only an approx­
imate estimate can be presented as to the annual increment of 
water. Apparently in most parts of the Deming region 40 
feet is near the average for the aggregate thickness of the water­
bearing beds in the first 150 or 200 feet below the surface. 

If these 40 teet of sand contain 20 per cent of their volume 
of water, which ht a fair average, the amount of water in a 
given area would be near 8 cubic feet per square foot, equiva­
lent to 60 gallons, or approximately 2,614,000 gallons to the 
acre, or 8 acre-feet. This is much more than the amount 
obtainable; because it is impossible to pump out all the water, 
the proportion available depending on the texture of the sand 
and some other minor factors. 

The area under which there are 40 feet of water-bearing beds 
containing a fair volume of water is about 500 square miles 
and, with this volume at 8 cubic feet to the square foot, the 
underground water supply is 2,560,000 acre-feet. There is 
besides this area of 500 square miles a region of large extent 
containing a moderate volume of water, some of which can be 
utilized for irrigation. 

It is impossible to make an accurate estimate of the time 
required for the accumulation of this amount of water, or, in 
other words, to replenish the supply if it were pumped out. 
The Mimbres underflow of 12,000 acre-feet estimated as pass­
ing into the 14 townships in the line of its travel southward 
would amount to an annual increment of less than half au 
inch for that area. Thus many years would be required to fill 
the voids in the 40 feet of water-bearing beds under the area,. 

DBPLETXO:oi OF WATER SUPPL1:, 

In 1913 about 200 pumps had been or were being installed 
in the Deming-Columbus region. Their average capacity 
may be estimated at 700 ganons a minute for about 400 
hours a year. If the number of pumps be placed at 500, 

which, however, is probably in excess of the' financial means 
of settlers now on the ground, the total yearly pumping of 
water for irrigation will be 8,400,000,000 gallons, or 25,788 
acre-feet. This would be equal to water 2 feet deep on 20 
square miles, and, with duty of water at 2 acre-feet a season, 20 
square miles to 500 ranches is equivalent to an average of only 
about 25 acres under ditch to each quarter-section homestead. 
As the 500 homesteads would ordinarily occupy 125 square 
miles the 25,788 acre-feet would be drawn from that area, 
where it would represent about one-third acre-foot of water or 
less than 4 per cent of the ~ acre-feet supply as estimated 
above. It would probably also be somew hat near the annual 
increment from rainfall and the underflow of the Mimbres.-

Of course, 20 square miles under cultivation is a small 
proportion of the 125 square miles or 500 homesteads under 
consideration, nearly all of which could be inigated by plants 
pumping 700 gallons a minute. Eventually the proportion of 
the land utilized will increase-it must do so for profitable 
operation-and the resulting draft on the underground supply 
will increase proportionately. If one-half of the area were 
irrigated the draft would be 12 per cent instead of 4 per cent, 
which would cause serious diminution in the total supply in 
some a,reas. If the annual increment of rainfall and underflow 
is estimated at 3 inches this quantity is sufficient to provide 
water for the irrigation of only about one-eighth of the region 
underlain by the thicker deposits of water-bearing materials, 
provided 2 acre-feet are used for the season's wetting. 

An important condition affecting the amount of the watei' 
that can be pumped from a given area is the rate of lateral 
flow of the underground water. Influx starts when the pump 
begins to lower the water in the well, and it continues from a 
constantly widening area" more or le~s completely replacing 
the local depletion. In places where several heavy pumping 
plants are in close proximity, all drawing water at the same 
time, there will be a limit to the amount of water immediately 
available, and doubtless a scarcity of water would result at most 
localities. At many places the principal supply comes from a 
relatively thin, deeply buried stratum, which vigorous pump­
ing soon drains largely near the pump. A most important 
factor in underground flow is the relatively slow adjustment of 
water level, for the rate of movement in fairly coarse sand aver­
ages only about 1 mile a year or less than 15 feet in 24 hours. 

Gradient.-The word underflow implies a movement of, the 
water down a grade. The gradient and the porosity of mate­
rials are the principal factors bearing on the rate of flow. The 
gradient in the Deming quadrangle, represented by blue con­
tour lines on the underground-water map, is based on numer­
ous accurate determinations of elevations of the underground­
water surface and on approximate data at many wells at or 
neal' points of known elevation. In order to determine the 
altitudes south of Deming a special level line was run over the 
old Grade Road to the international boundary line. 

At Spalding the underground water is 30 feet below the 
surface, and the altitude is 4,698 feet above sea level; at Dem­
ing the water is 50 feet below the surface, and the altitude is 
4,290 feet; and at the southern margin of the quadrangle the 
water is 21 feet below the surface, and the altitude is about 
4,110 feet. The distance from Spalding to Deming is 17 
miles, and the downgrade of the water plane between the two 
places is about 24 feet to the mile. The distance from Dem­
ing to the southern margin of the' quadrangle on the Grade 
Road being 19 miles, the declivity in that distance is at the 
rate of nearly 9.2 feet to the mile. At lola the water surface 
is 46 feet below the surface, or 4,154 feet above sea level, a 
grade of slightly more than 7t feet to the mile from Deming. 
At Florida Lake the water rises very nearly to the sUlface. 
There are some peculiar deflections of the lines of water level 
due to special local causes, notably in the area of increased 
depth just south of lola and in the apparent close relation to 
topography near the Florida Mountains. The general rise of 
the water surface toward the mountains is due to II small 
underflow moving down the slope of the aUu vial fan. The 
extension of the 4,100-foo~ line far' to the north up the main 
Mimbres Valley east of the Florida Mountains indicates that 
the :water lies somewhat lower in the bOfflon on that side than 
on the west side of these mountains. However, as the sedi­
ments on the east side are too fine to hold a large volume of 
water, the position of the water is not of economic importance. 

Rate of jlow.-The rate of movement of underground water 
in the region has not been tested at any point, and ,it can 
only be inferred in a general way from measurements in other 
regions. It decreases somewhat with the depth, for with 
increased depth in a region of low gradient there is propor­
tionately diminished grade. The water-bearing materials exca­
vated at different wells indicate that the degree of porosity 
varies greatly. The rate of movement has been found to be as 
much as 100 feet a day in coarse materials containing as high 
as 35 per cent of water) but in the average sand the rate is 
much less. Blichter and Wolff 1 found· the' underflow of 

'Blichter, C. B., and Wol:ff, H. C., The underflow of the South Platte 
Valley: U, S. Geol. Burvey Water-Bupply Paper 184, pp. 9-10, 1906. 



Platte River at Ogallala, Nebr., had an average rate of 6.4 
feet in 24 hours, or a mile in 825 days. At a depth of 16 to 
22 feet the velocity avera~ed 12.8 feet a day, and at 55 and 
85 feet it was 2.55 feet. The declivity of the valley is about 
8.3 feet to the mile. Slichter found that the underflow of 
Arkansas River at Garden, Kans., averaged 8 feet a day or 
a mile in 660 days, the declivity being 7, feet to the mile. 
Much of the water is from the side slopes, part of which are 
loose sand imbibing 60 per cent of the rainfall. In the 
Mesilla Valley, ~. l\fex., the underflow of the Rio Grande, the 
declivity being 4.6 feet to the mile, was found to have \'ery 
slow movement, and at the canyon of the Rio Grande, just 
aboye EI Paso, the movement of the underflow 10 to 20 feet 
belo\;' the bed of the river was less than 3 feet a day.1 

At several places in Luna County deep borings haye been 
made in the hope of finding artesian flows, but they have not 
been successful. The results, however, have thrown interest­
ing light on the deeper underground conditions. 

The most important ter3t of the deeper underground water 
in Luna County was made 6 miles southeast of Deming in 
1907. The town of Deming contributed $4,000 to the expenses 
of the test. The bore hole is 2,000 feet south by east of the 
center of sec. 20, T. 24 S., R. 8 'V. The total depth is 1,665 
feet, with a 12-inch casing down 1,200 feet. Water at 520 
feet rose within 17 feet of the surface, and when the boring 
was finished a 25-horsepower pump raising 800 gallons a 
minute did not lower the water materially. Very little water 
was found below 520 feet, and there were many thick bodies of 
reddish clay all the way down. 

The Burdick well, in the SE. t SW. t sec. 29, T. 23 S., 
R. 8 'V., was sunk to a depth of 710 feet to test for artesian 
water. A flow was found, but it lasted only for a short time, 
and now the water level is 24 feet below the surface. No 
record of the boring was obtained, but it is stated that there 
were many strata of sand-some with considerable water, 
others containing very little. In 1887 Mr. Burdick had n well 
sunk to a depth of 980 feet in the western part of Deming, 
but the result was unsatisfactory, for, although the water 
rose much higher than in shallow wells of the region it 

1 Sliehter, C. S., Observations on the ground waters of Rio Grande 
valley: U. S. Geol. Survey Water·Supply Paper 141, p. 18, 1905. 
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failed to reach the sUl'face. The well is not located on the 
underground water map. The boring began with 8-inch pipe 
and ended with 6-inch. According to a report of the driller, 
F. E. Hickox, "bedrock" was entered at 963 feet and pen€­
trated for 17 feet. Water was found at 60 feet and then at 
intervais' of 20 to 40 feet for a considerable depth. At 773 
feet it rose within 28 feet of the surface, at 836 within 21 feet, 
at 886 within 19 feet, and at 912 feet within 9 feet of the sur­
face, where it stood for a year and then dropped back to 16t 
feet. The materials penetrated were clay, sand, "cement," 
and gravel in beds 5 to 18 feet thick. 

A deep boring in the S. t sec. 6, It miles northeast of 
Rondale, found water at 202 feet and no further supply except 
a very slight one at 550 feet. 

Several years ago a deep well was sunk at Lenark, on the 
Southern Pacific Railroad, about 80 miles east of Deming to 
a depth of 950 feet. 2 The water rises within 484 feet of t1;e 
surface and pumps 35 gallons a minute. 

There are about 250 wells in the Deming quadrangle, most 
of them less than 200 feet deep and yielding satisfactory sup­
plies of water. ]\fany have been sunk within the last five 
years and considerable well drilling is still in progress. Wells 
are most numerous south and east of Deming, especially in 
Tps. 24 and 25 S., R. 9 W., T. 24 S., R. 8 W., and the south 
haJf of T. 23 S., Rs. 8 and 9 W. There are also groups of 
wells about Hondale and lola. Theil' distribution. depth, and 
the depth to water surface in them are shown on the under­
ground-water map. Some facts regarding the sand strata in 
the wells are given on page 14. Lists of wells are given in 
the report on the geology and underground water of Luna 
County previously cited. 

QUALITY. 

1\1ost of the underground watf'r in the Deming region is of 
excellent quality, containing only a small amount of mineral 
matter. As most of the wells are deep and penetrate impervi­
ous loam and clay the water is safe from contamination unless 
the well is so badly constructed as to permit ingress of sUl'face 
drainage. Most of the water pumped for domestic use and 
irrigation in the many wells in the country around and south 
of Deming is very pure and is suitable for irrigation. 

~ Darton, N. H .. Geology and underground water of Luna County, 
N. Mex.: U. S. Geol. Survey Bull. 61S, p. 51, 1916. • 

The following analysis of water from the So-foot well of the 
Southern Pacific Co. at Deming was furnished by the chief 
engineer of that system. The sample, collected April 4, 1897, 
was analyzed by the company. 

Analysts of wate1' from the 86foot well of the Southern Pac1ftc Co. at 
Deming. N. Mex. 
[Partsperm!11lou.] 

Total solids" __ "_ 224 
Silica (SiO.) __ ... ____ _____ 26 
Oxides of iron and aluminuw (AltO.+Fe.O.l .. _._. __ ._._. 1 
Calcium (Ca) _._ ....... _____ ... _ .. _ ... __ .. 38 
Magnesium (Mg). ____ .... _____ .. ___ 8 
Sodium and potassium (Na+K)_.__ 27 
Carbonate radicle 4 (CO.}. _____ . 91 
Sulphate radicle (804) 21 
ChlorJne(Cl) ___ ...... _______ ........ ____ 13 

This water is entirely acceptable for domestic use and for 
irrigation and is fair for use in boilers, being noncorrosive, 
low in foaming constituents, and capable of causing the for­
mation of only a moderate amount of scale. 

An analysis of the water from the first stratum of the well 
of 'V. P. Birchfield was made by the Dearborn Chemical Co. 
with the following results: 

Analysis ofwate1' from well of w. P. Birchfield 
18 miles southeast of Deming, N. 

[Pe.rtsper mUlion.] 

T. 25 S., R. 7 W., 

SlHca (SiO.) __ ._ .. _ .. ________ ._ ........... _. 84 
Al~O, and Fe,O~ ..... _ ... _ .. ____ ...... __ ._.__ 8 
Magnesium (Mg) ___ .. _ ..... _. _____________ ... ___ . ___ ._ 80 
Sodium (Na) _._,_ 858 
Potassium{K} .. __ .. ________ ._ .......... _. ________ ... _ Trace. 
Carbonate radicle (CO.) ___ . __ . __ .. _. ____ ._. 276 
Sulphate radicle (SO,) ... _ ... __ 1,176 
Chlorine (01)__ _ _______ . __ "._ .. _ ..... _. 44ri 
:Yitrate (N0 3 ) ___ • ____ " ___ • __ ... _._ .. __ • ______ ......... 7S 
Organic and volatile matter_ ...... _ ........ _ 60 
Total soUds ._. __ . __ ..... _ .. _____ . __ ........ __ S,OOl 
Suspended solids _______ . __ . __ .__ 84 

The water recently obtained at somewhat greater depth is 
considerably less saline, but no analysis of it is available. This 
well is in the great yalley east of the Florida Mountains, where 
the beds contain a large amount of soluble minel'lll matter. 
On the west side of the mountains the well waters are nearly 
all of exceptional purity. 

April,1814. 

8 Less than 13 grains pel· U. S. galion. 
~ Carbonate and bicarbonate radicles not differentiated. 
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PLATE I.- SOUTH END OF FLORIDA MOUNTAINS, SHOWING THEIR ABRUPT RISE OUT OF THE WIDE, FLAT BOLSON. 

HiEh point in the cente. of the view is South Puk. All the visible part of the mo~ntains is composed of pre·Cambrian gnnite. The small dark rid!!:", 
at the loo t of the mounta ins at the rig-h I consists of basalt. The bolsan deposits in the forei'ound conta in waler at moderate depth, the water 
rising-in mostw ... l ls nearly to the surface. 

PLATE III.- CAPITO L DOME AT NORTHWEST END OF FLORIDA MOUNTAINS. 

View looking northeast. The dome and the crest 01 the "die ill the backa-'ound are capped by Terti ary age:1omerate (Tag), wIth Lobo formation (RI) just 
beneath. The low knob at the left is composed 01 pre·Cambrian 2ranite (2'r). which is overla in by Bliss sandstone (£b). EI Paso limestcne (Oep). and 

Montoya limestone (Om). To the ri 2'ht of the small valley in the center of the view the rock is eunite. 

PLATE V. - SPRING AT FORT CUMMINGS. 

View 100kinR northeast . The water flowing throu2'h the bo lson depos,ts is brouE;ht to the surface here by the rhyohte led2'e in the foreE;'o~nd. which 
crosses the valley. Nearlhe ranch houses in the distance at the ri2'hla retne remains of the old fort. The hil ls beyond consist of basalt. 

PLATE II.- WEST SIDE OF CENTRAL PART OF FLORIDA MOUNTAINS. 

View looking east from a poin t near the 2rade road . The south part of the mountains is composed chiefly of pre·Cambrian gran'te. the north part 
of Tertiary agglomerate. The peak at the left of the middle is Arco del Diablo. 

PLATE 'V.-TERTIARY AGGLOMERATE ON OUTLYING KNOB AT NORTH END OF FLORIDA MOUNTAINS. 

View looking nor thwest. The strat,f iclt ion of the agglomerate is nearly horilonta l. 

PLAn VI.- ORY BED OF MIMBRES RIVER EAST OF SPALDING. 

View looking northeast. The shallow depression in the bolson su rface in the foreground is the river bed. Cooks RanEe in the d istance; 
Cooks Peak at the riEht. 

PLATE VI I.- CON TACT OF GRANITE PORPHYRY AND CONGLOMERATE OF LOBO FORMATION 
ON SOUTH SLOPE OF FLUO RIT E RIDGE 1 MILE WEST OF FLUOR CAMP. 

PLATE VIII. - MASSACRE PEAK, ON COOKS RANGE. PLATE IX.- BLACK MOUNTAIN. 

View 100kin2: north. The cOllE;lomerate lies on an irreiular surface of the porphy ry. The contact is indicated 
by the hammer head. 

View 100kin2: southwest. The peak is CIPped with andesite. The 
Butterlield trlil crosses the mountain Ihrou 2:hthe pass in the 
foreground. which is composed of agglomerate. 

View looking northwest. Top 01 mounta in is formed by basalt flow, which overl ies volunic ash Ind tuff on slope. A smlll mass 
of rhyolite, lelsite. and obsidian is exposed in the knoll at the left ... tthe base 01 the mountain. 
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Name ot tOIIO. State. 

i Montana. 

•• 1 

I 
1 , 

Oeorgia-Tennessee 
California 
Tennessee. 
California 
Tennessee. 
Colorado. 
Tennessee 
Colorado 
Va.-Md.-W.Va 
California 
Ky.-Va.-Tenn 
Virginia-Maryland 
Virginia-West Virginia . 
California 
Tennessee-North Carolina. 
California .. 
California 
Ala.-Oa.-Tenn 
Tennessee. 
Tennessee. 
Tennessee. 
Maryland-Virginia 
Montana. 

;;~r:~~~s_e; ~st Virginia .... I 
Tennessee. 
West Virginia-Maryland 
California 
Wyoming 
California 
West Virginia-Virginia. 

1 

Tennessee. 
West Virginia. 
Alabama. 
Colorado. 
California 
Montana. 
California 
Tennessee 
California 

. ..... 
. . . . . . . \ 

.. , 

I 
Texas 
California 
Virginia-West Virginia 
Idaho .. I 
Kentucky 
Kentucky 
Colorado 
Oregon. 
Massachusetts-Connecticut. 
California 
Wyoming. 
Tennessee. 
Washington 
Montana 
Montana 
Colorado. 
Colorado 
Virginia-Tennessee. 
Colorado 

: I ~~~~~:~~est Virginia. 

Tintic Special 
Colfax 
Danville 
Walsenburg 
Huntington 
Washington 
Sp<1nish Peaks 
Charleston. 
Coos Bay 
Coalgate. 
Maynardville 
Austin 
Raleigh 
Rome. 
Atoka. 
Norfolk 
Chicago 
Masontown-Uniontown 
New York City 
Ditney 
Oelrichs 

. ! 

Ellensburg. 
Camp Clarke. ········1 
Scotts Bluff.. ':::.: 

~~:~b~~~rd . . . ... I 

Hartville 
Gaines I 
Elkland-Tioga 1 

Brownsville-Oonnellsville : '. , 
Columbia. 
Olivet. 
Parker 
Tishomingo 
Mitchell 
Alexandria 
San Luis 
Indiana .. 
Nampa 
Silver City . 

* Orderhy number. 

1 

<: I 

California 
Texas 
Utah 
California 
Illinois-Indiana 
Colorado. 
West Virginia-Ohio. 
D. C.-Va.-Md ... 
Colorado. 
West Virginia 
Oregon. 
Oklahoma (Ind. T.) . 
Tennessee. 
Texas 
West Virginia. 
Georgia-Alabama. 
Oklahoma Ond. T.) . 
Virginia-North Carolina .. 
Illinois-Indiana 
Pennsylvania 
New York-New Jersey 
Indiana 
South Dakota-Nebraska 
Washington 
Nebraska 
Nebraska 
Oregon. 
North Carolina-Tennessee. 
Wyoming. 
Pennsyl vania-New York. 
Pennsylvania 
Pennsylvania 
Tennessee. 
South Da.kota . 
South Dakota . 
Oklahoma (Ind. T.) 
South Dakota 
South Dakota . . 
California 
Pennsylvania 
Idaho-Oregon 
Idaho ............. . 

t Pa.yment must be made by money order or in cash. 
t These folios are out of stock. . 

Gents. 

5 
5 
5 
5 
5 
5 
5 
5 

• The texts and economic-Ileology maps of the Placerville. Sacramento. and Jackson folios. 

No.'!' Name of folio. State. ~_--4~rice,t 

105 Patoka. Indiana-IllinOis .. 1 Ce;ts. 
106 Mount Stuart Washington . . 5 

I 107 Newcastle. Wyoming-South Dakota. . . 5 
; 108 Edgemont So th Dak t N b k 5 lim ~~:~:~:OOd Fall, . ~~~:~~l~a:i:- ,ras, a • : '.·1 2

5
5 

113 Huron South Dakota. . . . 5 I 
112 Bisbee (reprint). Arizona. 

114 De Smet . 1 South Dakota. 5 
it] 15 Kittanning. . .... :: Pennsylvania 
, 116 Asheville North Carolina-Tennessee. 

I
II 7 Casselton~Fargo I North Dakota-Minnesota 
118 Greeneville ' Tennessee-North Carolina. '. I 
119 Fayetteville 1 Arkansas-Missouri 

I t 120 Silverton. Colorado . , I 

1

1112221 WTa'hYlne'q'ub.uhrg..:::::::·· Pennsylvania 

POeknlanh,Oyffilv'.n(1, .• Od. T.) . '.1 
125 Elders Ridge 
124 Mount Mitchell . I North Carolina-Tennessee .. I 

I
, t 125 Rural Valley Pennsylvania 
i 126 Bradshaw Mountains. Arizona. 
t 127 Sundance Wyoming-South Dakota .. '1 
t 128 Aladdin I Wyo.-S. Dak.-Mont ... 

, t 129 Clifton : : : . ' .•. ' .•. 1 Arizona. 
I t 130 Rico Colorado. 

I

t 151 Needle Mountains Colorado '.1' 
t 152 ~ Muscogee I Oklahoma (Ind. T.) . 

I 1155' Ebensburg . I' Pennsylvania 

\ 
t 154 Beaver. Pennsylvania 
t 155 Nepesta Colorado. 

I 156 St. Marys Maryland-Virginia. : : i 
'1 t ~ ~~ ~~~~~ng . : '.' •.. ' '. '.' ' .•. 1 ~:lli~~:i~N. J .... : : : : : I 

t 159 Snoqualmie Washington 
t 140 Milwaukee Special Wisconsin 

i 141 Bald Mountain-Dayton .. I Wyoming. ::.1 
t 142 Cloud Peak-Fort McKinney. I Wyoming. 

I, 145 Nantahala. '. I North Carolina-Tennessee. 
t 144 Amity Pennsylvania 

i t 145 Lancaster-Mineral Point Wisconsin-Iowa-Illinois 

1

146 Rogersville "1 5 
14 c Pisgah .. 550 
148 Joplin District (reprint) . 

1149 Penobscot Bay. 
t 150 Devils Tower. 

I t 151 Roan Mountam 

1

152 Patuxent 

i ~~! ~~~:row 

1

155 Ann Arbor (reprint) 

III t 156 Elk Point 
t 157 Passaic 

158 Rockland 
169 Independence. 

I 

160 Accident-Grantsville 
! t 161 Franklin Furnace. 

'I ! 162 I Philadelphia 
I t 1 60 1 Santa Cruz 
111164 Belle Fourche. 

1

11165, Aberdeen-Redfield 
I"-~ 166 i El Paso 

'1169 Watkins Glen-Catatonk 

•. I' .. 

1 

t16l I Trenton 
Ii 16s1 Jamestown-Tower. 

:.j 1"111:01 Mercersburg-Chambersburg. 
(, Engineer Mountain 

111172 Warren. 

111173 ;::~~~e~~~erman 
I ~I ~~: Birmingham. 

111 '66 Sewickley 
.,-r 1 n Burgettstown-Carnegie 

111 '6S Foxburg-Clarion 
111 '69 Pa.wpaw-Hancock 
11180 Claysville 
11181 Bismarck 
11182 Choptank 
11185 Llano-Burnet. 
11184 Kenova 
§ 185 Murphysboro-Herrin 
§] 86 Apishapa. 
§ 18? Ellijay 
§ 188 Tallula-Spnngfield. 

189 Barnesboro-Patton. 
~ 190 Niagara 
~ 191 Raritan 

192 1 Eastport 
§ 195 San Francisco 

1941 Van Horn 
195 Belleville·-Breese 
196 I Philipsburg 

§ 19? I Columbus 

1981 Castle Rock. 
199 Silver City. 
200 Galena-Eli~abeth. 

8201 I Minneapolis-St. Paul. 
202 i Eureka Springs-Harrison 
205 I Colorado Springs ...... . 

204lTOlChester ........ . 
§ 205 Detroit ............ . 

~6i ~::i~:wO.~h~s.mit~~i~I~:. 
-_._----_.- ------

Carolina 
Md.-D. 0 
Colorado 
Ark.-Okla. (Ind. T.) 

New Jersey-New York 
Maine 
Kansas 
Md.-Pa.-W. Va. 
New Jersey 
Pa..-N. J.-Oel 
California 
South Dakota. 
South Dakota. 
Texas 
New Jersey-Pennsylvania. 
North Dakota. 
New York 
Pennsylvania 
Colorado. 
Pennsylvania-New York 
Wyoming 
Pennsylvania 
Alabama. 
Pennsylvania 
Pennsylvania 
Pennsylvania . 
Md.-W. Va.-Fa. 
Pennsylvania 
North Dakota 
Maryland 
Texas 
Ky.-W. Va.-Ohio 
Illinois 
Colorado. 
Ga.-N. C.-Tenn. 
Illinois 

25 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

Pennsylvania . 
New York. 
New Jersey 
Maine 
California 
Texas 
Illinois 
Montana 

25 
5 

25 
25 
25 
50 
25 

: : I 25 . .. ?5 
26 
25 

. •.... i 25 
25 
25 
25 

Ohio 
Colorado. 
New Mexico . 
Illinois-Iowa. 25 

t'J:innesota . 25 I 
Arkansas-Missouri 25 
Colorado. . . . . . . . . . I 25 
Maryland I 25 
Miohigan .. : :.. 50 j' 
Missouri-Kansas 25 
New Mexico .. .. . J 25 

i Octavo editions of thesll folios may be had at same price. 
'1r Octavo editions only of these folios are in stock. 
§ These folios are also published in octavo form at 50 cllnts each, exoapt No. 193, 

whiohis 75 oants 




