DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY

GEORGE OTIS SMITH, DIRECTOR

WATER-SUPPLY PAPER 343

GEOLOGY AND WATER RESOURCES

OF

TULAROSA BARSIN, NEW MEXICO

BY

O. E. MEINZER anp R. F. HARE

Prepared in cooperation with the New Mexieo
Agricultural Experiment Station

WASHINGTON
GOVERNMENT PRINTING OFFICE

1915



CONTENTS.

- Industrial development_.............ooiiiiiiiiii i
Purpose and history of the investigation ............ ... ... ... .......
Previous investigations and literature. . ............. ... ... ... .......

Physiography and drainage. .-« ... .o .-,
General feabures. ... on o e et iaaaaaa
Mountains and plateans. oee e e et an et ae o a e

Sacramento Mountains. ... ...ttt
Sierra Blanca. « -« v e e it
Tucson, Carrizo, Baxter, and Lone mountains.. . ... ... .._...._..
Jicarilla Mountains. ..o ...
Gallinas Mountains ... ... .. . . .. i

Chupadera Plateatl. . cooeeeneee i e )

Oscuro Mountains. . .. ..o ooi it
Little Burro Mountains. ... .. ... .. ..o oo oo
San Andreas Mountaing. - . ......coiiiit ittt
Organ Mountains ... ... ..o L
Jarilla Mountains . . oveee oot et e
Northern part of interior area. ........ .. ... .. oot
General features. . .oen ettt et
Benches and rock escarpments........coooiiiiiiiiiiiiiii it
Other hills and ridges. ......... et
Sink holes.................. e e e e et taeaaiaaaaan
Volcanoes and lava beds.. ... o i
Youngerlavabed........oo. L

Older lavabed - .. oooiii ittt aaaaas
Younger volcanic eone. ......... ... i iiiiiiiiiiiiiiaaa

Older volcanic COMeS. .« coennn it
Southern part of interiorarea. .. ... ... ... ... ...l
General features. .. ... i iiiiieiaeeiaaaaaaan



4 CONTENTS,

Geology—Continued.
Carboniferous sedimentary rocks. . .....covoiiiiiiinioiciinaaiiaaan..
Distribution. . . .. oot

Oscuro section. .. ... i i

San Andreas section.........ooooiuiiiiiiiiiiii i
Cretaceous sedimentary rocks. .........oooioiiiii it
Tertiary intrusive rocks and igneous rocks of uncertain age................
Tertiary (?) sedimentary rocks. . ... _ . ... .. . ..iiiiiiiiiiiiii....
Valley fill (Quaternary and Tertiary (?))...ccccvviiinraiiioiaiaaiaan,
Distribution, thickness, and age. ... ... ..o oo
Water-deposited clay, sand, and gravel......... S e
Gypsum dePosits. ceut vttt i
Wind-deposited quartz sand. ............... ... R
Saline depPosits. . cen oottt e

Quaternary basalt. ... ... it iaaaan
Character and distribution........ .. ..o o ..
‘Weathering and other changes.............. ... ...
Age .............................................. Cececsacanacacons

I 10 (03 711 3 -

Geologic hIStOrY - oo oo i
Pre-Carboniferous erosion............ooooiminiiieeaea i
Carboniferous sedimentation.........ccoeciiiiiiniiiiieenaaenn.
Post-Carboniferous erosion . . .. .....uueeeeeeeaneeeneaanaaaaaananaan
Cretaceous sedimentation..........ceeecienaoaenanaaonnaaaaaanns
Post-Cretaceous volcanism, deformation, erosion, and nonmarine sedi-

117301721700 « W

Average precipitation. ... ... .. ...l
Distribution from year to year.... ... ... ... iiiiiiiiiiiiiiiiiaan
Seasonal distribUtIon . . < ce o iee e et
Geographic distribution. -« coeeoooir ot i
Relation to agriculture and water supplies.......... ... ...
Waterin valley fill. . ..o oo i et
Area and Problems. ... ocoeiin it
SoUrCes Of WatOr e e ee e et e i i
General circulation. . . ... .ot e e
Zones of precipitation, run-off, and percolation.....................
MOUDEAIIL APEAS s aeeeennncenea: aoecencaacassnsasnanennannanensnnns



CONTENTS. 5

Water in valley fill—Continued.

Sources of water—Continued. Page.
Zone of gravelly sediments.............o o il 98
Zone of dense adobe. ..o . oo i 99
The gypseous plain and the mid-slope arroyos ........................ 99
Areas of gypsum sands and quartz sands.......coooeeieeeaoooooo. 100-
Liava beds. .ot 100
ALK a8 e ee e ee e, © 101
S TVL 11040 o 101

OCCUITenCe Of WaleT. ..o e et ittt et ee e i teee e c et eaaa e 101

Water table. . ... e 102
T 1V 16 1V Y 102
05 4 1 103
Relation to land surface.. ... ... ooiiii i 104
Fluctuations. ....oooeeeen oo e 106

Disposal Of WaLET. «. e n ettt et e e e e 107

Yield of Wells. ..ottt 110
Wells north of Jarilla Mountains...........c.coiiiieio o, 110

Otiswells. ..o i .. 110
Hill Wells. oot e e 111
Votaw well. .. ..o 111
Purday well. . ... . i 111
Larsen wells. . ..o o o e 112
Morgan well. ... iiiiiiieiiiaa.. 112
Carl wells. ... oo 112
Wertane well. ... . . . .. 112
Bowden well. ... . i ieiiiiaaa.. 113
APIE WOl - oo e e 13
Loomaswell. ..o o e 113
Pierce Well. ..o on e 113
Patty well. ..o i 113
Camp well. ..o it 114
1111101178 U 114
Wells south of Jarilla Mountains.......... ..o oo 115
Railroad wellsat Newman .. ..........oociiiiioiiiiiiaiaaan.n 115
El Paso & Southwestern Railroad wells at Fort Bliss............. 115
Army post wells at Fort BRss.....oooooiiiiiiiiin i, 115
Southern Pacific Co.’s wellsat Fort BHss.....cooeeeiaiaioutn 115
El Paso waterworks wells. ....coooe et 115

Methods of constructing wells.........oooiii it 118
Drilling, boring, and digging........coeevnininiiminaii L 118
L0131 119
Finighing. ..o o 120

Artesian head. ... ... ... eieeiiieecaaaaaaaaaaa 122

QUAl Y Of WAt e ciie ittt et e 124
Quantity of dissolved solids......oooeioiiiiiiiiiii .. 124
Character of dissolved 8038, ceeeueeeeaeame oot 125
Calcium............ e e e e et eeeeeeieaeaeaaaan 126
MAgNESIUIM . - . oot e et e e e e e e ea et 128
Sodium and potassium...... ...l 128
Acid radicles. ..o e aaaaaaaan 130
Relation of dissolved solids to derivative rocks. ........... ......... 131
Relation of dissolved solids to depth of the water table................ 132

Relation of dissolved solids to depth of water-bearing beds........... 133



6 CONTENTS.

Water in valley fill—Continued.

Quality of water—Continued. .
Effects of dissolved solids on use of water...............o...o..o.....
Drinking and culinary use............... e,
Laundry and toilet Use. - -« .. .oooienon i
Boiler Use. . cveeenet i
Irrigation W8 . uuueeee et ittt e
Water in Cretaceous rocks and overlying sediments......c...o.c...o..... ...
Area and problems. ... ...

Wells near north end of younger lava bed....... ... ... ... ... ...
Wells on the Nogal Arroyo slope -c.ceeeeeionnon i
Shallow wells in the vicinity of Carrizozo ...... ... ..oocioiea. ...
Carrizozo railroad wells. .. ... it i
Wells in the vicinity of POILY ««eeeeeeencrneeeeiaaa e,
Wells at Whiteoaks ... .oooe oot i
Shallow wells in the vicinity of OScuro ..............................
Oscuro railroad wells. . ..o..oooiiiiii i
Wells in Three Rivers Valley...oocoeoeimomin it iiie i iiaaaaaans
Water-bearing capacity of rocks. .. ... ... . il
Water levels and artesian head..... ... ...l
QUality Of Waler. oo un ettt et

Wells in the Transmalpais Hills ... ... ... oot
‘Wells in the Oscuro foothills . ... .oooooiee oo
Ancho railroad wells. . ... .. oii oo
Wells west of Ancho..... .. o il
‘Wells near Gran QUIvira.....ocoeeenioiiiiiii iy e
Gallinas railroad well. ... .. ... . i e
Wells between Gallinas and Vaughn...............oo.oollL
Wells in the vicinity of Vaughm .....ooooeeenn il
Railroad wells at Pastura . ... ..oooeeioonon oo
Wells near Pecos RIver.....c.oeeo i miiii i
Wells int the Jarilla Mountaing . ... .. ccoooioioiiiiiiiiaia ..
‘Water-bearing capacity of the rocks ... . ... ... ... ll.s SR
Water levels and artesian head.... ... ... oo il
Head produced by Sacramento Mountains..... e
Head produced by San Andreas Mountains................. ... ...
Head produced by Oscuro Mountains....cocoeeeeeeiiia i,
Water PocKets. oo o
Fundamental water table in the plateau region ......................
Quality of Waler .o
015 oLt T
Water in igneous TOCKS oo oee i oot e e i
Soil and native vegetation in relation to water supplies.......................
Types of S0IL. o et meeeaeetae e e ce e aaee e eaeaa el
Relation of soils to derivative rocks..........cooo.. Ll
Relation of soils to circulation of water........ ...l
Relation of soils to depth of water table.........ooovieiiiiiiiiiion.



CONTENTS. ?

Soil and native vegetation in relation to water supplies—Continued. Page.
Plant foodsin the soil.. ... .o i i i 179
Alkali in the 801l ..o ooo it 180

Kindsof alkali.. ... ..o . e 180
Alkali nalyses. . ooovneton ettt ittt 181
Sulphates. ..o . 181
CarDODAEE. -« ee ittt it caaa et 183
107110 3T LT 184
Special type of black alkali.._ .. ... ... ... . . . iiiiiiiiiiio... 184
Relation of alkali to types of soil....... . ... ... ... .. ... o.....o.... 186
Relation of alkali to the water level.........._.... s 187
Disposal of alkali..ocoeemiaae i 191
Zones of native vegetation. . eeeeen .t et e e 193
Relation of vegetation to soil....................... e 196
Relation of vegetation to water supplies.........c.c.oooioiiiioiaiaaan. 197
Relation of vegetation to temperature......... . ... .. ..............L 199
" Distribution of soils and vegetation in the shallow-water belt............. 199

DByt | Y 206

Streams and SPriDNES. .o oeei it i 206
Sources of SUPDPLY - un et e 206
Tularosa RIVEr. ... ... oooni it 207
La Luz and Fresnalereeks......... ... 208
Alamo Canyon. ... ... - 208
Three Rivers. . oottt et ae e 208 -
Storage Projects. .. ... ...l 209
Isolated SpPrings. . ... ocooo. it 209

Flood waters. ... ..o 209

) S 210
Developments. . ......oo o eeaaaa. T 210
Trrigable areas. . ...o.. .ot 213
Pumping appliances and POWer. ... ......coiiiiiiii i 215
Storage and distribution............. e e e 220
Agricultural methods. . .....c.o.o oo i 221

Railroad and public SUPPHES. . ..uuu et 223
General conditions. ................ P 223
Bonita pipe-line system. ...... e ettt taeameeeeaaaeaaeaas 224
O8CUFO BUPPHOS. - -« eecaee e e et et et e 226
Domestic supplies at Tularosa and La Luz. ... ... . ... .............. 226
Supplies at Mescalero Agency and Clouderoft. ... .. ..... ... ..... 226
Alamogordo SUPPLY . .« .. . eoimiii i 226
Sacramento River pipe line........oooooioii i 227
El Paso public SUpDly. .ot 228

Watering places on routes of travel. ... ... .. . .. .. ...l 228
IntrodUetion ... vn oot eeaeeeae e 228
Routes of travel. .. ... .. i 229

Railroad stations and connecting roads...............o... .i.oo.o.. 229
Railroad connections. ....ccoveeneeaniien s iii i . 229
SR 0T 229
Wagon roads. . oo i 229
Table of distances... . ... oioii i 230
Routes to Pecos Valley...eeeeeoieinon oo 231
General conditions. .....cooioi it 231
Alamogordo routes. ._........ e et aaeeaaaas 231
Tularosa POUtes. c oo n et e 232
CAITIZOZO FOULES. -« e oeeneene e e e e e ee e aeaeneeaeeeaes 232

ADCho routes. .. cvein i i cie e iareaa e 233



8 CONTENTS.

Watering places on routes of travel—Continued.

Routes of travel—Continued. Page.
Routes to Estancia Valley and adjacent regions...................... 233
General conditions. ..ottt 233
L0103 105130 o1 234
Carrizozo and points west of the ma.lpals to Torrance and Ce-
darvale........... RN 234
Torrance to Vaughn and beyond. ........... ... .. .. ... .. 234
Torrance to Pinos Wells, Encino, and beyond................ 235
Cedarvale to Willard, Estancia, and beyond. ... ...._...... 236
Table of distances. .c..oooooioii i ii i 237
Gran QUIVITS POULE .. ..ottt 237
Carrizozo and points west of the malpais to Gran Quivira. ... 237
Gran Quivira to Willard, Estancia, and beyond............. 238
Gran Quivira to Mountainair, Manzano, and beyond......... 238
Table of distances....cceeeveeeeniniiiaii oo 238
Routes to Rio Grande valley oeeunnenor e ene e 239
General conditions. .. v.eunee e oot e 239
Hansonberg route . . ..o i e 239
General outline. ... ... ... ... ... 239
To Hansonberg by way of iron mines........................ 240
To Hansonberg by way of Ozanne.. . ......._............... 240
Table of distances. ..o ceueeeenemno e 241
Mockingbird Gaproute.........ooiiii il 241
General conditions. . ....... ..ol 241
Oscuro and Three Rivers to Mockingbird Gap............... 241
Carrizozo to Mockingbird Gap........ .. ... ..oi... 242
Duck Lake and Red Canyon to Mockingbird Gap. .......... 242
Tularosa and Malpais Spring to Mockingbird Gap............ 242
Mockingbird Gap to the Rio Grande................ e 242
Table of distances. ... ooeeoieiiiii et 242
Tava Gap route. it et 243
Sulphur Canyon route......... ..o 244
Alamogordo and Tularosa to Sulphur Canyon. .............. 244
West side of the malpais to Sulphur Canyon................. 245
East side of the malpais to Sulphur Canyon................. 245
Dog Canyon to Sulphur Canyon............................ 245
Sulphur Canyon to Cutterand Engle.......... ... .. ..... 245
Table of distances. ......cocooi v il 245
San Agustin Passroute............... s , 246
Alamogordo to San Agustin Pass.............. ... ... ...l 246
Tularosa and La Luz to San Agustin Pass.................... 247
Dog Canyon to San Agustin Pass. ...l 247
West side of white sands to San Agustin Pags................ 247
Orogrande to San Agustin Pdss............. ... ... ... 247
San Agustin Pass to Las Cruces and Dona Ana................ 248
Mable of diStances. . .ovumveee e e e e e 248
Routes t0 E1 Paso. coeeeeeem oS 248
(621815 S 248
Western routes. .. ....ooneenn i 248
Eastern 10Ut et et 249
Table of distances. - .. ...ovooiimiiiimiieiia e 249

Watering Places. ccccceeeeereeeiaanensacaranrrrcecansecsanasacacanasans 249



ILLUSTRATIONS. | 9

‘ Page
ANALYBOS. « o ot 265
Methods of analysis, by R. F. Hare ... ... ..ot 265
Table 1.—Wells and analyses of well waters in Tularosa Bagin............ 268
Table 2.—Analyses of spring waters in Tularosa Basin.................... 300
Table 8.—Analyses of stream waters in Tularosa Bagin............. . 302

Table 4..—Analyses of certain well waters in areas north of Tularosa Basm. 303
Table 5.—Analyses of certain well waters in areas south of Tularosa Basin. 304

Table 6.—Analyses of soils in Tularosa Basin.......qeececeeanceacaoaio. 306
Index. .o i becseseemaeaaaaaaan 313
ILLUSTRATIONS.
Page.
Prare I. Map of Tularosa Basin, N. Mex., showmg prméxpa,l roads and water-
Ing PlaCes. - oo In pocket.
II. Map of principal shallow—water ares, of Tularos Basin, showing geol-
ogy, underground waters, and vegetation....,.......cc..oeoon In pocket.
III. Map of Alamo National Forest, showing drainage basins, roads, and
watering places. . ... ... i In pocket.
IV. Map of Tularosa Basin and adjacent country, 1$51 .......... Ceeian. 14
V. Map of Tularosa Basin and adjacent country, 1859-1867.....cun.n.. 16
VI. Map of a part of Tularosa Basin, showing ground-water conditions in
the vicinity of Carrizozo. ... ... ... o iiiiiiiiiiiiiaiiiot 26
VII. A4, Edge of younger lava bed, showing fissure; B , Younger lava, show-
ing roughness of surface............ooo.. oL iiiiiriiiiillLL 36
VIII. A, Edge of younger lava, showing terrace; B* Sink hole extending
below ground-water level; C, Salt Creek, supplied from ground-
R =TTy 07T 37
IX. A, Stratified valley fill at El Paso; B, CLff and‘terrace features north
of San Agustin Pass coceoiiiiiim i 42
X. Cliff and terrace features east of Franklin Mountains................ 43
XI. A and B, Cliff and terrace features near San Agustin Pass........... 44
XII. Freshly deposited gypsum sand..............1....... S 45
XIII. Wind-eroded gypsum sand, showing bedding..l............o.... ... 46
XIV. A, Bank of mid-slope arroyo, showing stratiﬁed gypsum underlain by
redadobe B, Gypsum-sand area............f......... 47
XV. A, Sink holes in area underlain by Pennsylva.n an rocks B Strauﬁed
gypsum in bank of alkali flat; C, Sink hole in interior gypsum plain. 48
XVI. Aand B, Mound Springs.........coceoeieiibotioinanaaaaanaannns 52
XVII. Reconnaissance geologic map of Tularosa Basin...................... 54
XVIII. A, Valley of Tularosa River, showing aggradation produced by traver-
tine dam; B, Shoemaker’s flowing well, with Cerrito Tularosa in
background...... .. ... 158
XIX. Sections of railroad wells at Varney, Duran, and Vaughn, N. Mex... 164
Ficure 1. Index map of New MexXiC0..uovneenniiimiiaii i 12
2. Diagram showing general relation of temperature and rainfall to
altitude in Tularosa Basin .. ... ... .. ... ... il 14
3. Sections illustrating the rock structure and resultmg topography of
the northern part of Tularosa Bagin............. . ....... ... 33
4. Profile showing marginal terrace of younger lavabed.............. 36
5. Sketch map and section of velcanic cone on the younger lava bed.. 38
6. Profiles of volcanic comes. .. ...... .o i 39
7. Profile across southern part of alkali flat and gypsum sands. ....... 44

8. Profiles of mid-glope arroyos and of the plain which they dissect.. 49



10

Fireure 9.
10.
11.
12.
13.
14.
15.
16.

17.
18.

19.
20.
21.
22.

23.

4.

25.

26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42,
43,

45.

46.

47,

48.

49.
50.

51.

ILLUSTRATIONS.

Map showing Mound Springs . .......oooeoieiniaiaa e ..
Columnar section of formations in Tularosa Bagin..................
Sections of deep test well near Alamogordo........................
Section of deep test well near Dog Canyon station ................
Partial section of the deepest well at El Paso waterworks..........
Section of railroad well at Newman.. ... .....ooouiviennaaao....
Sections of four wells at El Paso waterworks ......................
Section showing relation of gypsum to adobe and of capillary water

to the ground-waterlevel. ... ... ... ... ... .........
Section showing relation of gypsum to adobe......................
Diagram showing hypothetical structure of the San Andreas-Sacra-

MENHO BECHION. -« - et it e ettt

Diagram showing annual precipitation......................o.o.. :

Diagram showing average monthly precipitation..................
Diagram showing monthly precipitation at Alamogordo............
Map of drainage areas of La Luz and Fresnal creeks, showing location

of rain gages and stream gages . ........eioiii oL
Diagram showing relation of precipitation to altitude in drainage

areas of La Luz and Fresnal creeks ............ ... ...
Dlagram showing relation of precipitation to altitude in southeastern

Diagram showing water zones and general circulation of water.. ...
Map showing pumping plant and wells of El Paso waterworks......
Diagram of typical El Paso waterworks well, showing air 1ift ......
Section of dug well showing zone of caving due to moist gypsum.. .
Well sections showing methods of developing gravel screens. . . ....
Section showing relation of underground barriers to the water table. .
Sections of railroad wells at Carrizozo.............................
Sections of railroad wells at Oscuro. ... ... ...l
Section of E. E. Phillips’s well, west of Duck Lake..............
Sections of railroad wells near Ancho - ... ... ... .. .. ... ..
Section of railroad well at Gallinas. - ... ... ... ... ...
Sections of railroad wells at Pastura. . ..... ... .. .. ... . ... ...
Section of railroad well at Ricardo. .. ... ool
Section of railroad well at Orogrande. . ... ..... ................
Section from Ancho to Santa Rosa showing water table..........
Section along Belen cut-off showing water table . ................
Hypothetical section to explain dry holes of great depth..........
Section across small arroyo showing: relation of soil and vegetation

to topography . .. Lo

. Diagram showing relation of soluble solids in soils to depth of water

Diagram showing relation of sodium chloride in soils to depth-of
water table. ... ... e
Map of a part of the west slope of Tularosa Basin, showing zones of
Vegetation . . .. ..o i iiiiiieeeiiaaeaaaan
Diagrams showing range of dominant vegetation with regard to total
soluble solids in soils analyzed. ... .. ... .. ... ioiiiiiiiiii..
Diagrams showing range of dominant vegetation with regard to
sodium chloride in soils analyzed............cooooaioiill..
Condensed profile of Bonita pipeline.............c.ceioiia.l.
Map showing settlements connected with Cloudcroft by mail routes
and route from Cloudcroft to Artesia............................
Map BhOng settlements connected with Carrizozo by mail routes
T v, DROBWEIL. oot ceeaeaaan.

75
87
88
89
91

92

188

190

194

197

198
224

232



GEOLOGY AND WATER RESOURCES OF TULAROSA
BASIN, NEW MEXICO, AND ADJACENT AREAS.

By O. E. Mernzer and R. F. Hare,

INTRODUCTION.

LOCATION AND MAIN FEATURES.

West of the Great Plains in New Mexico, Texas, and old Mexico
is a region consisting of isolated mountain ranges and intervening
plains or broad open valleys. The Pecos and Rio Grande flow
through several of these valleys, but in the region between these
rivers there are other valleys which are entirely inclosed by higher
ground and therefore have no drainage outlets. Examples of closed
basins between the Pecos and Rio Grande in New Mexico are Estan-
cia Basin, Encino Basin, Pinos Wells Basin, and Tularosa Basin.
(See fig. 1.)

Tularosa Basin is bounded on the east by the Jicarilla, Sierra
Blanca, and Sacramento mountains and on the west by the Chu-
padera Plateau and the Oscuro, Little Burro, San Andreas, and
Organ mountains. Northward it rises gradually to form the Mesa
Jumanes, which ends in an abrupt escarpment overlooking the
Estancia Basin, but on the northeast it is terminated by the Gallinas
Mountains. On the south it is separated from the Hueco Basin,
which extends southward to the Rio Grande, and from other basins
east of the Hueco by a low indefinite divide which on the west ap-
proaches within a few miles of the Texas State line but swings north-
ward in the vicinity of the Jarilla Mountains. Tularosa Basin has
a maximum length of about 150 miles, a maximum width of about
60 miles, and an area of approximately 6,000 square miles. It is
crossed by the one hundred and sixth meridian of longitude and by
the thirty-third and thirty-fourth parallels of latitude, and includes
parts of Otero, Lincoln, Dona Ana, and Socorro counties, and prob-
ably a small part of Torrance County.

1
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The interior of the basin contains an extensive area of alkali flats
and white gypsum sands, which lie about 4,000 feet above sea level,
south of which is a large sandy desert that is rendered peculiarly
monotonous by its slight relief and lack of definite drainage. The
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FicURe 1.—Index map of New Mexico showing areas covered by U. 8. Geological Survey
water-supply papers and Bulletin 435. A, W. 8. P, 123; B, W. S. P. 141; C, W. 8. P.
158; D, W. 8. P. 188; E, W. 8. P. 275; F, Bull. 435; G, W. 8. P. 345-C; H, W. S. P.
843 (includes Tularosa Basin and adjacent areas on the south and northeast); I,
W. 8. P. in preparation.

northern half of the basin includes between the mountain borders
a plain that descends gradually from the Mesa Jumanes, 6,000 to
7.000 feet above sea level, to the alkali flats, but is broken by many
hills, buttes, and ridges, and by a ribbon of extremely rough lava
that extends along its central axis for more than 40 miles.
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NAME.

The name Hueco Basin has been applied to the entire depres-
sion extending from the Mesa Jumanes to Mexico,* but it is com-
monly used only for the southern part; that is, the part which lies
south of the low divide and is bordered on the east by the Hueco
Mountains.? Among the early settlers the region north of the divide—
that is, the general lowland region between the Mesa Jumanes and
the Jarilla Mountains—was commonly called Tularosa Valley or
Tularosa Desert, after the largest settlement and principal stream
that it contained, and this name is still in use, although not recog-
nized by many of the new inhabitants. It has also been used by
G. B. Richardson ® in his report on trans-Pecos Texas and by others
and is indorsed by R. T. Hill. Other names that have been applied
to the region are the Gran Quivira Valley,* the San Andreas Valley,
the White Sands Plain, the Otero Basin, the Lanoria Mesa,’ the
Jarilla Bolson,® the Alamogordo Desert,’ and the Sacramento Valley.
The name Otero Basin was used in 1904 by C. L. Herrick,® and in
more recent publications by D. T. MacDougal® and E. E, Free,*
but it is not recognized by the inhabitants. The name Sacramento
Valley has been applied to the region by the recent settlers in the
vicinity of Alamogordo, after the Sacramento Mountains, which lie
just back of Alamogordo, and this name was used by L. C. Graton
and others in a report on the ore deposits of New Mexico.** It has,
however, long been appropriated for the valley of Sacramento River,
a stream in the Sacramento Mountains that discharges southward
into the Salt Basin of Texas, and it can not without much confusion
be applied to the basin west of the Sacramento Mountains. As the
name Tularosa was the first to be attached to this region by the
people, as it has become firmly rooted by a half century of use, and
as it is free from objections it seems desirable that it should be
retained and given general recognition.

1 Hill, R. T., Physical geography of the Texas region: U. 8. Geol. Survey, Topographic
Atlas, Folio No. 3, p. 9, 1900.

2 Richardson, G. B., U. 8. Geol. Survey Geol. Atlas, El Paso folio (No. 166), 1909.

3 Richardson, G. B., Report of a reconnaissance in trans-Pecos Texas: Univ. Texas Min.
Survey, Bull, No. 9, p. 17, 1904. Also U. 8. Geol. Survey Geol. Atlas, El Paso folio (No.
166), p. 2, 1909.

4« Harrington, M. W., Lost rivers: Science, new ser., vol. 6, p. 265, 1885,

5 Slichter, C. S., Observations on the ground waters of Rio Grande valley: U. S. Geol.
Survey Water-Supply Paper 141, p. 15, 1905.

8 Keyes, C. R., Geology and underground-water conditions of the Jornada del Muerto,
N. Mex.: U. 8. Geol. Survey Water-Supply Paper 123, p. 26, 1905.

7 McBride, T. H., The Alamogordo Desert: Science, new ser., vol. 21, pp. 90-97, 1905,

8TLake Otero, an ancient salt lake basin in southeastern New Mexico: Am. Geologist,
vol. 34, pp. 174-189, 1904,

9 Botanical features of the North American deserts: Carnegie Institute of Washington
Pub. 99, 1908,

10 An investigation of the Otero Basin, N. Mex for potash salts: U. 8. Dept. Agr.
Bureau of Soils, Circular 61, 1912,

1 Lindgren, Waldemar, Graton, L. C., and Gordon, C. H., U. 8. Geol, Survey Prof.

- Paper 68, pp. 25 and 184, 1910.
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CLIMATE.

The climate of Tularosa Basin is that which is typical of the arid
Southwest. As a rule the sky is clear and the atmosphere is dry
and rare. Consequently in both summer and winter the days are
generally warm and the nights cool. The region is little affected,
especially in summer, by the great cyclonic storms that farther north
pass periodically across the continent, but most of the rain is pro-
duced by condensation from local ascending currents of air and
accordingly falls in a few heavy storms in midsummer. Late in the
autumn and ‘early in the winter the weather is usually pleasant, but
in these seasons there is little precipitation; the spring season is
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Ficure 2.—Diagram showing general relation of temperature and rainfall to altitude in
Tularosa Basin,

generally dry and windy. The average annual rainfall of the low-
land plains is only about 10 inches, and its vegetation and physio-
graphic features have a distinctly desert aspect. The high moun-
tains at the borders of the basin receive more precipitation, are
covered with forests, and give rise to several small streams that
discharge into the desert.

The basin has a wide range in temperature, owing partly to differ-
ences in latitude but chiefly to differences in altitude. The hottest
section is the southern portion of the desert lowland, and the coldest
is the high peaks of the Sierra Blanca, which rise above the timber
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line. The elevated northern part of the basin, which merges into
the Mesa Jumanes, has a much cooler climate than the low southern
plain. The highest, lowest, and average annual temperatures, as
reported by the United States Weather Bureau for the several sta-
tions in or near this basin, are given below. The general relations of
temperature and rainfall to altitude in this region are shown in
figure 2. (See also pp. 80-95.)

Temperatures in or near Tularosae Basin (degrees Fahrenheit)

Altitude, | o000 | Hj Average
. ighest | Lowest

Station, abm;,ée:gm of renc%id, tempera- | tempera- t:g;ég

level. | years.{ ture. ture. ture.
Fort Stanton. ... ... ... iiiiiiiiiiiia 6,231 20 105 —18 51.9
Clouderoft. ... ... ..o ..o 8,650 7 83 —-10 43.2
Alamogordo. ... ... i 4,338 9 109 0 61.0
El Pas0, TOX - -ttt iiaeiaeaaaaaeneaes 3,762 24 105 ] 63.7
HISTORY.

When the Spaniards made their advent in New Mexico in the six-
teenth century the Pueblo Indians, who are peaceful and industrious
and in all respects much more civilized than the Apaches, had a
number of villages near the upper Rio Grande, and several in the
eastern foothills of the Manzano Mountains and in the region far-
ther southeast, including Chilili, Tajique, Abo, Quarra (Quarac or
Cuara), and Tabira (probably Gran Quivira, P1. IV). _

During the three centuries that the Spaniards controlled New
Mexico they were concerned chiefly with the Pueblo Indians. The
natural course for the Spanish missionaries and adventurers coming
from old Mexico to the Pueblo villages was by way of the Rio
Grande, and hence the Rio Grande route was early established and
was the main artery of travel when the region became a part of
the United States in 1845 (Pl. IV). Coming from old Mexico, the
main road reached the Rio Grande at or near El Paso and led north-
ward along the east side of the river to the old town of Dona Ana.
Beyond this point it left the Rio Grande, and for nearly 100 miles
crossed the open desert that is separated from the river by the San
Diego, Caballos, and Fra Cristobal mountains, and from Tularosa
Basin by the San Andreas Range. This desert made a powerful
impression on the imagination of the early travelers, and, because of
its dangers from lack of water and from Apache depredations, it
came to be known as the Jornada del Muerto, or “Journey of the
dead.”

The Spaniards extended their rule and religion to the Manzano
villages and to Gran Quivira, where the ruins of large stone churches
still testify to their presence, but there was liftle to attract them far
into the Tularosa desert, which was even larger and more dangerous
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than the Jornada del Muerto. Consequently the early hlstory of this
part of New Mexico is almost a blank.

Gran Quivira, which was a Vlllage of considerable 31ze, as is shown
by the extensive ruins that remain, was situated in a region which at
present is remote from any irrigation supply and has only a small
domestic water supply obtained from wells. Some traces remain of
what has been described as an aqueduct leading from the Gallinas
Mountains, but at the present time even these mountains contain no
permanent stream of any consequence.! A current tradition ascribes
the drying up of springs that are supposed to have existed at Gran
Quivira to the volcanic eruption that produced the lava west of
Carrizozo, but this tradition has not been authenticated; there is no
close connection between the two localities, and the lava appears to
be older than the ruins. According to one authority, the only water
supply was stored rainwater.? Gran Quivira,as well as Abo, Quarra,
and other frontier pueblos were probably abandoned on account of
Apache depredations about 16722 shortly before the Pueblo revo-
lution.

Aside from the gold placers in the Jicarilla region, the one natural
resource of Tularosa Basin that seems to have attracted the Mexi-
cans in the old days was the salt found on the alkali flats. At the
time of the Mexican cession and prior to that time, a wagon road
led from El Paso over the desert east of the Franklin, Organ, and
San Andreas mountains, to the alkali flats, and a northward continua-
tion of this road is said to have extended to Manzano, in Estancia
Valley (Pl. IV). The heavy wooden wheels of the oxcarts and the
irons with which the oxen were shod are still occasionally seen along
this old Mexican salt trail. According to one report the salt was
derived from Malpals Spring or Salt Creek, a few men being sent
in advance of the main expedition to lead the water over an alkali
flat, where it evaporated and deposited its content of salt.

In 1846 Gen. Kearney entered New Mexico from the northeast,
and until the completion of the two trans-continental railroads, about
1880, New Mexico was connected with the eastern part of the United
States by the famous Santa Fe trail. During this period Tularosa
Basin again lay remote from the beaten paths of travel.

In 1849 Capt. R. B. Marcy made an expedition eastward from
Dona Ana, on the Rio Grande, to Preston, Tex.* This expedition
apparently came through San Agustin Pass, at the north end of the

1 Bancroft, H. H., Native races of the Pacific States of North America, vol. 4, pp. 663
and 672.

2 Hodge, F. W., The language of the Piro. Quoted in Twitchell, R. E., The leading
facts in New Mexican history, vol. 1, pp. 231-233, Cedar Rapids, Iowa, 1911,

3 Bancroft, H. H., History of Arizona and New Mexico: Works of Bancroft, vol. 17,
p. 170, San Franecisco, 1889, *

¢ Thirty-first Cong., 1st sess., Senate Ex, Doc, 12 and House Ex, Doc. 45,
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Organ Mountains, bore southeastward nearly to the present State
line, and then traveled eastward in the vicinity of the Hueco, Corun-
das, and Guadalupe mountains, running north of the Salt Lakes of
trans-Pecos Texas. The expedition therefore crossed only the south-
ern part of Tularosa Basin (Pl IV).

In December, 1853, Maj. J. H. Carleton, with a squadron of cav-
alry, made an expedition from Albuquerque to Gran Quivira by way
of Abo Canyon and Estancia Valley, but he did not go farther south.
He wrote an interesting account of the region that he traversed and
of the Gran Quivira, where extensive excavations for the hidden
treasure had already been made.

When Fort Stanton was established, about 1855, several roads
were opened from this fort to the forts on the Rio Grande2 The
road from Fort Stanton to Albuquerque led northwestward through
Punta del Agua and thence over roads already in use, by way of Abo
Canyon or by way of the other ancient villages of the Manzano foot-
hills and Tijeras Canyon. The road to Dona Ana and the forts of
that vicinity led southward across the “ Mesa,” lying back of the Sierra
Blanca, came down one of the canyons of the Sacramento Mountains,
passed southward near the base of the Sacramento front, crossed
the desert south of the white sands and led through San Agustin
Pass to the Rio Grande. A road was also early constructed from Fort
Stanton, through the vicinity of Carrizozo, across the lava bed, to
the Rio Grande. The old salt road, in its general course, also con-
tinued to be used to some extent (Pl V).

About 1861 an agricultural settlement was made by a group of
Mexicans from the Rio Grande valley. This settlement was on
Tularosa River, about 15 miles above the present village of Tularosa.
The location was unfavorable because of the ease with which the
Apaches could harass the settlers from the surrounding mountains.
Consequently in 1862 the inhabitants moved downstream and estab-
lished the present village of Tularosa, where some of the adobe
houses were fortified, and trouble with the Indians occurred at
intervals until 1881. The second permanent settlement in the basin
was made at La Luz in 1864, also by Mexicans. In the course of
time Americans, many of them discharged soldiers from Fort Stan-
ton, settled in these villages. The first cattle ranches were started
in the decade between 1870 and 1880. During the early days of their
existence there was much lawlessness and some serious encounters
between opposing cattlemen.

1 Carleton, Maj. J. H. Diary of an excursion to the ruins of Abo, Quarra, and Gran
Quivira, in New Mexico: Smithsonian Institution, Ninth Ann. Rept., pp. 296-316, 1855,

2 Bancroft, H. H., History of Arizona and New Mexico: Works of Bancroft, vol. 17,
p. 670, San Francisco, 1889.
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Placer gold mining is said to have been carried on in some of the
gulches near Jicarilla about the middle of last century, in Baxter
Gulch, near Whiteoaks, in the fifties and sixties, and in Dry Gulch,
near Nogal, as early as 1865.! In the latter part of the seventies
there was much prospecting in these districts, and about 1880 mining
developments of importance were made.

In the early days Tularosa Basin was connected by stage routes
with both the Pecos and Rio Grande valleys. At one time a mail
route extended from Fort Summer, on the Pecos, to Fort Stanton,
and thence across the northern part of Tularosa Basin to the Rio
Grande. After 1881, when the railroad between Albuquerque and
El Paso was completed, mail routes extended from San Antonio to
Whiteoaks, and from Las Cruces to Tularosa by way of San Agustin
Pass and Point of Sands.

A new epoch in the history of the basin was opened about 1898
when the El Paso & Northeastern Railroad (now a part of the El
Paso & Southwestern system) was built through the region. Alamo-
gordo came into existence at this time and for some years enjoyed
great prosperity as a railroad, lumbering, and trade center. Some-
what later Carrizozo and the other towns along the railroad were
started, and recently Cloudcroft has attracted attention as a summer

resort.
INDUSTRIAL DEVELOPMENT.

As nearly as can be estimated from the census report, between
7,000 and 8,000 persons lived within the drainage area of Tularosa
Basin in 1910, and nearly an equal number lived on the high land
that lies east of this basin and drains into the Pecos. The popula-
tion of the basin averages not much over one person to the square
mile but is very unequally distributed, nearly all of the inhabitants
being found on the east side—in the towns along the railroad, on
farms or ranches near the railroad, or in the mountain recesses far-
ther east. The western part of the basin is very sparsely populated,
and a large area at the center is entirely without inhabitants.” The
large plain north of the lava bed is also almost uninhabited.

The railroad that traverses the basin has made the region accessible
and has brought in a large proportion of its inhabitants, but it has
not yet produced any substantial industrial development.

The industries of the region are mining, lumbering, stock raising,
agriculture, and fruit growing, none of which are at present being
conducted on an extensive scale.

The mineral wealth that is sufficiently important to have attracted
prospectors and to have received a certain amount of development
includes gold, copper, silver, lead, iron, turquoise, coal, gypsum, clay,

i Graton, L, C., U. 8. Geol. Survey Prof, Paper 68, pp. 176-183, 1910.
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Glauber’s salt, and common salt. By far the most valuable product
has been gold, the total output of which has amounted to several
million dollars.

Metalliferous deposits have been found on the east side of the
basin in the Gallinas, Jicarilla, Whiteoaks, Nogal, Tularosa, and
Jarilla districts, in all of which except the Tularosa district gold
is the most important. In the Whiteoaks district the production up
to 1904 was estimated at $2,860.000; in the Nogal district the total
production may amount to $250,000; and in the Jarilla district to
$100,000, but in none of these places has there been much activity
in recent years. The production of the other districts has been small.
Metalliferous deposits, incliding copper, lead, gold, and silver, have
also been found and exploited to some extent at various points in the
Organ, San Andreas, and Oscuro mountains, but except on the west
side of the Organs very little has been produced. At Estey elaborate
improvements were made but not much ore has been extracted. De-
posits of iron ore have been discovered on the Chupadera Plateau
but have not yet been developed.

Coal has been mined near Capitan and Whiteoaks, and has been
prospected in Willow Hill, near Carrizozo, in Milagro Hill, near
Oscuro, and in the Little Burro Mountains, near Murray. Clay and
ledge gypsum are used in a small brick and cement plant at Ancho,
and gypsum sand has locally been used to a small extent in making
stucco. Some developments have also been made in the deposits of
Glauber’s salt, or sodium sulphate, in “ Soda Lake,” west of the white
sands. The common salt that occurs in some of the salt marshes was
formerly gathered for local consumption but is practically unused
at present.

The timber in the Indian reservation and in the large national
forests of the Sacramento Mountains, Sierra Blanca, and Jicarilla
Mountains constitutes a valuable resource. The railroad from
Alamogordo into the Sacramento Mountains was built chiefly to
develop the lumbering industry, and much work was for a time done
by the mills erected at Alamogordo. Certain complications, however,
put a check on this industry, and very little lumber has been sawed in
recent years.

The extensive uncultivated desert and mountain tracts afford a
range for cattle, horses, sheep, and goats. Cattle ranches predomi-
nate in the southern part of the region and sheep ranches in the
northern, while a few goat ranches are found in the mountains. In
1911 the amount of range stock was small in comparison with the
area of the grazing lands, and a number of the old ranches were
abandoned. It appears that the range had been overstocked and

1 Lindgren, Waldemar, Graton, L. C., and Gordon, C. H., The ore deposits of New
Mexico: U. 8. Geol. Survey Prof. Paper 68, 1910,
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that a series of dry years preceding 1911 caused a serious shortage
in the food supply and resulted in a general retrenchment in the
ranching business. At best a large part of the desert area affords
only meager forage. ,

Agriculture is practiced both with and without irrigation. The
irrigation is accomplished with the water from several small streams
that rise in the Sacramento Mountains and the Sierra Blanca, and to a
slight extent with water pumped from wells. The irrigation farm-
ing at Tularosa, La Luz, and Alamogordo, and in the valleys of
Three Rivers and other mountain streams constitutes the most sub-
stantial industry of the region. The principal crops are alfalfa
and fruit. The alfalfa hay is generally in good demand, a part being
required for local consumption and a part being shipped to El Paso
and other points not far away. Peaches, apples, and other fruits
are also shipped, but the fruit industry is capable of much develop-
ment if fruit growers’ associations are organized and more modern
methods are introduced in other respects. Farming without irriga-
tion is practiced with good results on the high land east of the basin,
excellent crops of oats and other cereals being raised, but dry farm-
ing on the lowland plain has on the whole been unsuccessful.

The healthful climate of this region is a valuable resource and
has attracted a considerable proportion of the present inhabitants.
Cloudcroft, the principal summer resort, is picturesquely situated
on the Sacramento Mountains overlooking the desert, but is con-
veniently reached by rail.

PURPOSE AND HISTORY OF THE INVESTIGATION.

After the railroad was built many home seekers came into Tula-
rosa Basin and settled on claims within a few miles of the railroad.
The ordinary supplies of water for irrigation were already appro-
priated, but most of the new settlers came with the expectation of
developing their land and making a livelihood by using dry-
farming methods, the possibilities of which in this section of the
country have been greatly overstated by unscrupulous, poorly in-
formed, or overzealous persons. With the general failure of dry
farming the need of some sort of irrigation supply was strongly felt
by all, and the feasibility of developing new supplies by storing flood
waters or sinking wells became the general subject of discussion.
Many of the settlers left their claims and moved out of the country;
others remained because of the wholesome climate or with the ex-
pectation of selling their farms after they had obtained titles to
them ; but still others remained with the determination to profit by
the experience they have acquired, and to devise methods by which
they can wrest a living from their homesteads. In 1911 many of the
settlers were still in the basin, but the great majority were producing
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little or nothing, and only a very few had substantial incomes from
their farms.

Vast tracts of arable land, potentially capable of producing crops
of great value, are at present lying practically idle. At the same time
waters stored underground remain unused, and large floods dis-
charged into the desert at irregular intervals either evaporate from
the surface or sink underground without producing more than an
insignificant amount of useful vegetation. The availability of this
unused supply for irrigation on the land now unproductive because
unwatered is a problem of great and immediate importance, with
which this paper is especially concerned.

The investigation of the region was made by the United States
Geological Survey and the New Mexico Agricultural Experiment
Station acting in cooperation. The general field work was done,
chiefly in the autumn of 1911 but partly in 1912, by O. E. Meinzer,
assisted for several weeks by Everett Carpenter, both of the Geologi-
cal Survey. The base and topographic map of the area south of
Three Rivers (Pl II, in pocket) was made in the winter of 1911-12
by C. J. Ballinger, also of the Geological Survey. The analyses of
the water and soil were made under the direction of Dr. R. F. Hare"
in the laboratories of the experiment station, Mesilla Park, N. Mex.
The report was written by O. E. Meinzer, but Dr. Hare collaborated
in the preparation of the parts dealing with the quality of the water
and soil. Valuable well records and other data were generously
furnished by the officials of the El Paso & Southwestern Railroad
and numerous courtesies were shown by the citizens of the region.

PREVIOUS INVESTIGATIONS AND LITERATURE.

Tularosa Basin did not lie in the path of any of the large exploring
and scientific expeditions which in the third quarter of the last
century were sent by the United States Government to various parts
of the West, except that of Capt. Marcy’s expedition, which crossed
the south end. . Consequently very little was known, until recently, of
the geography, geology, and water resources of this region.

The map forming Plate IV shows the meager knowledge of the
geography of the region that existed in 1851. The map forming
Plate V, which was published in 1867 but probably shows more nearly
the state of knowledge in 1859, is much more detailed and shows the
location of a number of watering places with considerable accuracy.
In 1867 land surveys were made by the General Land Office of
several townships in the vicinity of the newly established settle-
ments of Tularosa and La Luz, and in the ensuing years much of
the basin was surveyed, an especially large number of townships
being covered in 1882. These land plats and the data obtained by
the railroad survey are the principal sources of information on
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which the maps of the region at present in circulation are based.
Recently parts of the Sacramento Mountains and the Sierra Blanca
within the national forest have been mapped by the United States
Geological Survey. (See PL III, in poeket.)

Through the mining, military, ranching, and agricultural activi-
ties in the region since the middle of the last century the main
geologic features gradually became known, and since the railroad
was constructed the region has been frequently visited by geologists,

“engineers, and botanists, and numerous brief descriptions of the basin

have been published. All of these descriptions are based on cursory
investigations. Some are accurate, although incomplete, and con-
stitute valuable contributions to the knowledge of this section of
New Mexico. Others are devoted chiefly to graphic portrayals of
the marvels of the region interspersed with untenable hypotheses
as to the origin of these marvels.

In 1870 the following note by George Gibbs on Tularosa Basin
appeared in the American Naturalist:

Gen. Aug. V. Kantz, United States Army, writing from Fort Stanton, N. Mex.,
informs me that there is a valley of some 200 miles long and 20 wide, lying
between the Sierra Blanca and the San Andreas and Oscuro mountains, in
which there is no stream and only a few alkaline springs and salt lakes or
ponds. Where the road from Fort Stanton to El Paso crosses it, about 60 miles
south of that post, is a plain of white sand, apparently granulated gypsum,
which has drifted into mounds 40 and 50 feet in height. Water of a strongly
alkali character is obtained by digging a few feet, and around the edges of the
district salt marshes exist, where in the dry seasons great quantities of almost
pure salt may be collected. The sand, is so white and the plain so extensive as
to give the effect of snow scenery. As I do not remember to have seen a
description of the place in print I send you this note with a specimen of the
sand.

In 1891 R. T. Hill and R. S. Tarr each published a brief but ac-
curate description of the main features of the basin, and in 1900 and
1904 C. L. Herrick published papers which are the most compre-
hensive reports on the geology of the basin that have thus far been
issued. )

In his paper published in 1891 Hill outlines clearly the conditions
affecting the underground water of bolson valleys, such as Tularosa
Basin, and calls attention to the fact that the principal supplies are
found in the valley fill, not in the rock formations. Many of the
other papers touch on the ground-water conditions, but are for the
most part speculative and contain few data. Theories alluded to,
some of them repeatedly, are (1) that an ancient river flowed south-
ward, perhaps from Estancia Valley, through this region to the Rio
Grande; (2) that such a stream still percolates underground; (3)
that it can be heard “rushing” below the lava bed and has pro-
duced sufficient underground erosion to cause the caving and conse-
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quent broken condition of the lava; (4) that the ancient river was
diverted from the region by the extruded lava; (5) that the volcanic
eruption caused the drying up of springs at Gran Quivira; (6) that
this eruption made the climate more arid; and (7) that the flat-
bottomed arroyos on the east side of the basin were at one time occu-
pied by rivers.

Much valuable information was obtained through the drilling
enterprises conducted in the last decade by the railroad company
and by individuals and other companies. Certain investigations of
the occurrence and quality of the underground waters have also
been made by the experiment station, the railroad company, and the
Alamogordo Improvement Co., and in 1912 the waters of the basin
were examined by the United States Department of Agriculture for
their content of potash.

-The following is an incomplete list of papers dealing in whole or
in part with Tularosa Basin: '

Gibbs, George, Salt plains in New Mexico: Am. Naturalist, vol. 4, pp. 695—
696, 1870. Note given on page 22.

Harrington, M. W., Lost rivers: Science, new ser., vol. 6, pp. 265-266, 1885.
Describes remnants of a supposed old river bed. Mentions malpais and crater.
Mentions Indian tradition of “a year of fire, when this valley was filled with
flames and poisonous gases.” Proposes the name “ Gran Quivira Valley.”

Hill, R. T.,, The Texas-New Mexican region: Geol. Soc. America Bull,
vol. 8, pp. 85-100, 1891. Contains brief description of “ Hueco-Organ Basin.”
Mentions white sands and malpais. Gives clear statement of underground
water conditions. Mentions terraces, some of which are remnants of ancient
shore lines. Brief descriptions of or references to this basin are found in
other papers by the same author, especially in “ Physical geography of the
Texas region”: U. 8. Geol. Survey Top. Atlas, Folio No. 3, 1900.

Tarr, R. 8., A recent lava fiow in New Mexico: Am. Naturalist, vol. 25, pp.
524-527, 1891. Describes the younger lava bed and mentions salt marshes,
gypsum deposits, ancient beaches, and “ well-defined valleys that extend much
farther than the present streams succeed in going.” Mentions tradition that
volcanic eruption caused the drying up of springs at Gran Quivira, but does
express opinion.

Herrick, C. L., The occurrence of copper and lead in the San Andreas and
Caballos mountains: Am. Geologist, vol. 22, pp. 285-291, 1898. Deéscribes struec-
ture of San Andreas Mountains.

Herrick, C. L., The geology of the white sands of New Mexico: Univ. New
Mexico Bull,, vol. 2, No. 3, 1900; also Jour. Geology, vol. 8, pp. 112-128, 1900.
Describes formations and structure of San Andreas Mountains and the inter-
vening desert. Describes Mississippian limestone at Dog Canyon. Mistakes
valley fill for Permian. Numerous springs are reported as “ gushing out from
beneath the thin sheet of black basalt,” and water is said to be heard rushing
below the malpais.

Turner, H. W., The copper deposits of the Sierra Oscura, N. Mex.: Am. Inst.
Min. Eng. Trans., vol. 83, pp. 678681, 1902. Contains notes on geology of
vicinity of Estey. Strata are considered Upper Carboniferous and probably
in part Permian.
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Herrick, C. L., Lake Otero, an ancient salt lake basin in southeastern New
Mexico: Am. Geologist, vol. 84, 1904, pp. 174-189. _ Describes mountains and
basins. Suggests that an ancient river flowed south to the Rio Grande. States
that the basin was occupied by an ancient lake, 1,600 to 1,800 square miles in
area. Mentions structures that may be buried beaches. Recognizes the valley
fill and divides it into formations called Otero marls and Tularosa beds.

Jones, F. A, New Mexico mines and minerals: Santa Fe, 1904. Describes
Estey and other mining distriets.

Herrick, H. N., Gypsum deposits of New Mexico: U. 8. Geol. Survey Bull.
223, pp. 98-99, 1904. Describes basin and gypsum sands. Regards valley fill
as Permian. Mentions sound of water below the malpais, and reports a sup-
posed “intrusive cone a few miles west of Tularosa, near which are several
warm saline springs which have built up mounds.”

Keyes, C. R., Unconformity of Cretaceous on older rocks in central New
Mexico: Am. Jour. Sci., 4th ser., vol. 18, pp. 360-363, 1904. Describes uncon-
formity between Carboniferous and Upper Cretaceous in canyon in Chupadera
Plateau.

Keyes, C. R., Iron deposits of Chupadera Plateau: Eng. and Min. Jour., vol.
78, p. 78, 1904. Describes sandstones at least 800 feet thick resting on Car-
boniferous with marked unconformity. Dikes are said to penetrate the Car-
boniferous but nowhere the Cretaceous. Other papers by Keyes allude to this
region.

Smith, E. P., and Dominian, Leon, Notes on a trip to White Oaks, N. Mex.:
Eng. and Min. Jour., vol. 77, p. 799, 1904, Describes strata in vicinity of White-
oaks as consisting of shale, sandstone, and limestone, pierced by dikes and
containing Cretaceous fosgils. Successive lava fiows of differing character are
also mentioned. States that “ the entire region appears to have been known
to prospectors and miners two centuries ago, at which time it is said the
Spaniards worked on the Jicarilla placers.”” Shallow wells yield unsatisfac-
factory supplies but better water horizons are predicted at greater depths.

McBride, T. H., The Alamogordo desert: Science, new ser., vol. 21, pp. 90-97,
1905. Describes geology and botany of the region. Valley fill is regarded as
Permian, and broken condition of lava is attributed in part to undermining by
percolating ground waters.

Tight, W. G., Bolson plains of the Southwest: Am. Geologist, vol. 36, pp.
278-279, 1905. Contains notes on this region. Suggests that ancient river may
have flowed south from Estancia Valley to Rio Grande. Suggests that this
stream may still be fiowing underground.

Slichter, Charles 8., Observations on the ground waters of Rio Grande valley:
U. 8. Geol. Survey Water-Supply Paper 141, pp. 14-21, 1905. Describes briefiy
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PHYSIOGRAPHY AND DRAINAGE.

GENERAL FEATURES.

Tularosa Basin may be regarded as consisting of a southern part
made up of a low desert plain shut in on either side by precipitous
mountain walls, and a northern part comprising mountains, plateaus,
and upland plains that drain southward toward the desert (PL I,
in pocket). The surface of the upland forming the northern half
of the basin and of the mountains bordering the desert is the bedrock
surface of the region or that surface thinly veiled and somewhat
modified by recently deposited sediments. Its topography is con-
trolled by the character and structure of the rock formations, and
was largely fashioned by the erosive work of the streams on these

.exposed formations. In the low plain lying in the southern part
of the basin the bedrock is in general deeply buried beneath younger
sediments, and only at a few points do rocky buttes project above
the débris surface, the comparatively small irregularities of which
were produced mainly by the work of water and wind in carrying
and depositing the loose sediments. The surface of the basin is
therefore in its origin a composite developed in part by carving and
cutting down and in part by building up; in other words, it is partly
a destructional and partly a constructional surface. )

Several physiographic features of special interest are found in

this region, among which may be mentioned lava beds, cinder cones,
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alkali flats, or salt marshes, dunes of gypsum sand, flat-bottomed
arroyos known as “lost rivers,” and mounds associated with springs.

MOUNTAINS AND PLATEATUS.
SACRAMENTO MOUNTAINS.

The Sacramento Mountains lie east of the southern part of Tula-
rosa Basin, and form about 50 miles of its mountain wall (PL I, in
pocket). They consist essentially of a great plateau, which in its
highest parts rises more than 9,000 feet above sea level, and approxi-
mately a mile above the desert plain to the west. This plateau
descends gently eastward toward the Pecos Valley, forming a mod-
erately dissected slope about 75 miles long; but on its west side it
breaks off abruptly, the crest of the range being only a few miles
from the edge of the desert plain. South of Alamogordo the edge of
the plateau rises sheer above the plain, but farther north a bench of
intermediate altitude intervenes between the plain and the high
plateau (Pl III, in pocket). South of Dog Canyon the escarpment
retreats toward the east and the inclosing wall of the basin becomes
low. -

The high escarpment has been vigorously attacked by the weather
and has been sculptured into a mountain front having almost infinite
detail and presenting a vast panorama to one viewing it from the
desert. The nearly horizontal beds of sedimentary rock that compose
these mountains and outcrop in the escarpment give the distinctive
pattern for the topography developed by the stream erosion,-the
alternate hard and soft ledges producing a succession of cliffs and
slopes that contour the salients and reentrants of the mountain front.
In its main features the topography of this front is of very youthful
type. The canyons are steep and short and stream erosion is work-
ing headward at many points, gradually shifting the drainage divide
farther east.

The crest of the Sacramento Mountains being near the west side of
the range, most of this extensive upland region is drained toward the
Pecos and only a narrow belt sends its waters toward the west. In
the southern part of the range the drainage area of Sacramento
River, which discharges southeastward into the Salt Basin of Texas,
intervenes between the drainage areas of the Pecos Valley and Tula-
rosa Basin, but its capture by Grapevine Canyon, one of the short
steep canyons on the precipitous west slope, is impending (P1. I1I,

~in pocket). The largest of the westward flowing streams is Tula-
rosa River, which has a normal discharge of about 20 second-feet,
obtained chiefly from large springs, and next in size are La Luz and
Fresnal creeks. The other canyons of the west slope are either dry
or have very little water.
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SIERRA BLANCA.

The Sierra Blanca, which lies north of the Sacramento Moun-
tains and with them forms a practically uninterrupted mountain
wall, is the loftiest and most prominent of the ranges bordering
the basin. It culminates near its south end in Sierra Blanca Peak,
or White Mountain, whose altitude is 12,003 feet above sea level.
From this peak the range extends for a distance of about 15 miles,
trending first northward and then northeastward. At a number of
points the general level of its crest is relieved by characteristic peaks,
the highest and most conspicuous of which, next to Sierra Blanca,
is Nogal Peak, nearly 10,000 feet above sea level. The highest point
of the range is above the timber line and remains snowcapped longer
than any other peak in the region. The Sierra Blanca, like the
Sacramento Mountains, is in a sense the western edge of a great
plateau, and for that reason appears much more lofty from the west
than from the east. It differs, however, from the Sacramento
Mountains in its topographic detail, the Sacramento Mountains hav-
ing the castellated appearance produced by the weathering of nearly
horizontal sedimentary beds of differing hardness, and the Sierra
Blanca having the more massive appearance and less conventional
pattern produced by the weathering and erosion of crystalline rocks.
Its drainage area, like that of the Sacramento Mountains, is largest
on the east side, the only stream on its west flank being Three Rivers,
which heads near Sierra Blanca Peak.

TUCSON, CARRIZO, BAXTER, AND LONE MOUNTAINS.

North of the Sierra Blanca the mountain chain is represented
by a number of more or less isolated mountains separated by easy
passes, beyond which is a somewhat more continuous range known
as the Jicarilla Mountains. The principal isolated masses are Tuec-
son, Carrizo, Baxter, and Lone mountains. (See PL I, in pocket,
and Pl. VL) Carrizo Mountain is a massive and compact ridge
over 9,000 feet high, lying northeast of Carrizozo, from which point
it is in full view. Tucson Mountain is a lower ridge lying nearly due
east of Carrizozo and occupying the reentrant between the Sierra
Blanca and Carrizo Mountain. Lone Mountain is a rather compli-
cated mass lying south and east of Coyote station, its highest peak
rising over 7,000 feet above sea level. Baxter Mountain is a smaller
rock mass lying southeast of Lone Mountain and some distance
northwest of Carrizo Mountain, from which it is separated by an
open pass. The mining town of Whiteoaks lies at the southeast
base of Baxter Mountain.

Large draws yielding great quantities of flood water discharge
through the gaps between the mountains and smaller draws head on
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the west flanks of the mountains themselves, but there are no perma-
nent streams in these ranges. One of the largest streamways is Nogal
Arroyo, which discharges through the gap between Tucson Mountain
and the north end of the Sierra Blanca. '

JICARILLA MOUNTAINS.

The Jicarilla Mountains lie-north of Lone Mountain in the region
east of Ancho. They have a number of picturesque peaks, the most
prominent of which is Jacks Peak, near the north end. The range
is drained by several large arroyos, but has no permanent stream.
Ancho Arroyo leads westward past the village of Ancho.

GALLINAS MOUNTAINS.

The Gallinas Range is an isolated mountain mass projecting above
the plateau country at the northeast corner of Tularosa Basin. It
lies west of the railroad and approximately 20 miles northwest of
the Jicarilla Mountains. It has a few springs but no permanent
stream. Largo Arroyo drains much of its south flank and leads
southward to the vicinity of Ancho.

The region east of the Gallinas and north of the Jicarilla Moun-
tains is part of an extensive plateau that is broken here and there
by low mesas and escarpments.

CHUPADERA PLATEATU.

The high plain that lies in the northern part of Tularosa Basin
and is continuous with the Mesa Jumanes is bounded on the west for
over 30 miles by a continuous escarpment from 100 to several hun-
dred feet high. This escarpment is the edge of a more elevated
surface known as the Chupadera Plateau. The plateau is cut by a
number of canyons, but most of these head near the edge and have
not dissected the plateau far from its margin. The edge of the
plateau is partly covered with timber, which adds to the prominence
of the escarpment, as viewed from the nearly treeless plain to the
east.

Almost due west of Coyote station the monotony of the escarp-
ment is broken by the Cerros Prietos—two volcanic cones that
occupy a conspicuous position on the plateau near its margin. South
of the Cerros Prietos the escarpment disappears for a few miles, but
farther south, and extending to a short distance south of the upper
crossing of the lava, is a hilly country that may be regarded as a
greatly dissected southern limb of the Chupadera Plateau. This
hilly region, which in Plates I (in pocket) and VI (p. 26) is called
the Transmalpais Hills, attains its maximum relief a little north of
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.west from Carrizozo, where hills several hundred feet high occur.
Its eastern margin, representing the escarpment of the plateau, is
contiguous to the west edge of the lava bed. (See Pls. I and V1.)

Chupadera Plateau has only a few small springs, and in its entire
extent, from north of Gran Quivira to south of the upper crossing,
it contains only dry arroyos.

OSCURO MOUNTAINS.

The Oscuro Range, which is about 25 miles long, lies west of the
southern part of Chupadera Plateau and trends nearly due north
and south. It consists mainly of an eastward-dipping block of sedi-
mentary beds; its crest is near the west margin; its east slope, partly
determined by the dip of the rock, is long, gradual, and indefinite,
although steeper than the east slope of the Sacramento Mountains,
in which the dip is more gentle; and its west slope is short, precipi-
tous, and at intervals gashed by deep, short canyons. Since this
range is on the west side of Tularosa Basin, its long, gentle slope is
inclined toward the basin and its steep slope away from it. Conse-
quently when viewed from the basin it has a less imposing appear-
ance than the Sacramento Mountains. Its crest is comparatively
even but has a few projecting peaks, the highest of which is nearly
8,000 feet above sea level. The Oscuro Range merges on the north
with Chupadera Plateau, but is to some extent separated from the
Transmalpais Hills by an intervening plain or open draw. At the
south and southeast the foothills of the range are bordered by débris
slopes that extend to the southern desert plain. The east side of the
range, with its belt of foothills, is drained by several large draws,
but there is no permanent stream and very few springs.

LITTLE BURRO MOUNTAINS.

The northern part of the Oscuro Mountains is bordered on the
west by a desert plain, but the southern part is separated from this
plain by a small low range known as the Little Burro Mountains.
The Little Burro Mountains have the same trend and the same °
general structure and form as the Oscuro Mountains, their west
slope being steep and short and their east slope relatively long and
indefinite. The sag between these two parallel ranges is known as
Oscuro Gap.

SAN ANDREAS MOUNTAINS.

The San Andreas Mountains extend with a general north-south
trend from the Little Burro Mountains to the Organ Range, and
for a distance of 80 miles form the west wall of Tularosa Basin.
The extreme north end of this range lies west of the Little Burro
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Mountains and parallel with them, the sag between the two ranges
forming Mockingbird Gap, which is the most open and most easily
traversed pass between Tularosa Basin and the region to the west.
For a distance of 10 miles or more from the north end the range
trends toward the south or a little east of south, then it retreats
toward the west and again resumes a southward, and, farther on, a
southeastward trend. Near the protruding angle are Capitol Peak
and Salinas Peak, the latter 9,040 feet above sea level, according to
the Wheeler Survey, and, owing to its exposed position, second only
to Sierra Blanca Peak in its prominence as viewed from the desert.
The range is remarkably continuous and unbroken, and south of
Salinas Peak it has no peaks that rise far above the general crest
line. The two principal notches are Lava Gap and Sulphur Canyon,
both utilized by wagon roads. The range terminates at the south
with San Agustin Peak, which is less than 7,000 feet above sea level.

The San Andreas Range has one steep and one gentle slope and
belongs to the same structural and topographic type as the Sacra-
. mento, Oscuro, and Little Burro ranges. Its steep slope, however,
faces in the opposite direction and overlooks Tularosa Basin from
the west, just as the steep scarp of the Sacramento Mountains over-
looks it from the east. The dip of the rocks is on the whole greater
in the San Andreas than in the Sacramento Mountains, and con-
sequently the west slope of the San Andreas is shorter and less
gentle than the east slope of the Sacramento Mountains. Within a
compartively short distance from the crest the rocks pass beneath
the Jornada del Muerto, a desert plain that in some respects re-
sembles the desert plain of Tularosa Basin. The weathered and
eroded edges of the sedimentary beds of the San Andreas Range
have the castellated appearance that characterizes the beds in the
Sacramentc and other mountains of the same type, this topography
being well exhibited on Capitol Peak and on other peaks in the
same vinicity where the formations lie nearly horizontal. Farther
south the beds dip more steeply toward the west and their exposed
eastern edges give the crest of the range a notched appearance.

Like most of the mountains of this region, the San Andreas Range
has but few springs and no permanent streams, but discharges occa-
sional floods through canyons that are normally dry.

ORGAN MOUNTAINS,

South of the San Andreas Range the mountain wall is continued
by the Organ and Franklin ranges, both of which have a general
north-south trend. The Franklin Range extends to El Paso and
forms a part of the inclosing wall of the Hueco Basin. The gap be-
tween the San Andreas and Organ ranges is known as San Agustin
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Pass, and is traversed by the road leading from Tularosa Basin to
Las Cruces. The opening between the Organ and Franklin ranges
is known as Fillmore Pass. A

The Organ Mountains have a rugged, serrate topography pro-
duced by the weathering of the crystalline rocks, of which they are
largely composed. The steeply projecting crags, conspicuous from
great distances on both sides of the mountains, have by their
resemblance to organ pipes given the name to the range. The
highest peak is about 9,000 feet above sea level.

JARILLA MOUNTAINS,.

The Jarilla Mountains lie at the south end of Tularosa Basin and
are separated from both Sacramento and Organ ranges by broad
stretches of desert lowland. They form a low range hardly 10 miles
long. Like the other ranges in this region they have a general
north-south trend. They contain no permanent streams and no
springs.

NORTHERN PART OF INTERIOR AREA.
GENERAL FEATURES,

The mountains and plateaus that have been described form the
borders of Tularosa Basin and divide the waters that are retained
within its limits and drained toward its low interior area from the
waters that are sent in other directions. As has been explained the
large, relatively depressed surface that lies within the mountain
borders and constitutes most of the area of the basin is composite in
its origin. . The northern part is essentially a rock surface that de- -
scends from about 7,000 feet above sea level at the north end, where
it constitutes the Mesa Jumanes, overlooking Estancia Valley, down
to only a little over 4,000 feet where the rock surface passes under a
deep filling of rock débris. The southern part is a plain formed
by the débris filling, and the boundary between the northern and
southern parts must be drawn along the line where the rock surface
plunges beneath the débris. This line extends from Three Rivers in
a north-northwesterly direction to the lava bed, as indicated by the
hachures in Plates I (in pocket) and VI (p. 26), thence north to a
point some distance beyond the 7 X 7 ranch, thence west and south-
west along the margin of the foothills of the Oscuro Mountains.
North of this line the topography is mainly the expression of rock
structure and stream erosion, although somewhat influenced by
stream deposition; south of this line rock structure and stream
erosion have only a minor influence on the topography.
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BENCHES AND ROCK ESCARPMENTS.

The region north of -this line is not a single plain, but in large
part consists of a series of plains arranged in tiers, each forming a
bench or terrace. The edge of each of these benches consists of a
ledge of relatively hard rock that dips toward the bench and protects
it from denudation, but projects as an escarpment over the plain that
lies next below in the tier. The outcropping ledge that forms the
rim of a bench may be almost level with the surface of that bench, as
the ledges west and north of Carrizozo, or it may form a ridge ris-
ing several hundred feet higher, as Milagro Hill and Willow Hill,
with the result that the bench is more or less hemmed in on both
sides. The escarpments have been dissected by stream erosion, but
on the benches the irregularities of the rock surface have in many
places been smoothed over by stream deposition. On the whole,
however, the benches seem to represent a beveled west-sloping sur-
face that may be correlated with rock terraces extending up the
mountain valleys and may have been formed by planation in an
earlier denudation cycle.

These ridges and ledges with their accompanying benches are the
most characteristic features of the northern half of the basin. They
are most prominent between Three Rivers and Carrizozo, are smaller
but no less typical between Carrizozo and Ancho, but are nearly
absent over the areas west of the lava beds and between the lava beds
and Gran Quivira. South of Oscuro they have a general north-south
trend, but farther north they generally extend in a northeastward
direction. On the whole they orient themselves with the mountain
blocks, both ridges and mountain ranges having a general north-
south arrangement and, with the exception of the San Andreas
Mountains, a prevailing easterly dip.

One of the most typical and best developed tiers of benches and
escarpments is in the vicinity of Oscuro. The Phillips Hills and
Bull Gap Ridge form the exposed edge of a large bench whose dis-
sected west-facing front, several hundred feet high, has the aspect of
a small mountain range. Milagro Hill, a typical escarpment also
several hundred feet high, is next in the series, overlooking this
bench and forming the exposed edge of a second bench that lies
farther east and at a higher level. The Godfrey Hills, with their
steep west-facing escarpment several hundred feet high and the up-
land on their east side, form another step in the same tier. Still
farther back, overlooking the upland east of the Godfrey Hills and
all of the lower benches, is the Sierra Blanca, which forms in a
sense the last huge step in the tier. Intervening between the God-
frey and Phillips hills are several smaller escarpments that have the,
same general structure.
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The largest ridge north of the Godfrey Hills is the Tres Cerros,
consisting of Willow Hill, Cub Mountain, and Chaves Mountain,
which are in a line extending south from Carrizozo and have west-
facing fronts more than 1,000 feet high. Between these hills and
the lava bed are numerous ridges of the same type, including Jakes
Hill, the Polly Hills, Steel Hill, and smaller escarpments without
names.

West of Carrizozo, in the vicinity of Lower Coyote Spring, is a
small escarpment that is hardly observable from the southeast, but
forms a distinet northwest-facing cliff that persists to a point sev-
eral miles north of the Bar W ranch. Between this escarpment and
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FIGURE 3.—Sections illustrating the rock structure and resulting topography of the north-
ern part of Tularosa Basin. «, Benches and escarpments on the east side of Tularosa
Basin; b, Transmalpais Hills; ¢, Oseuro Mountains and foothills.

Coyote station is another typical though small escarpment that faces
the northwest and forms a more conspicuous ridge. It is in line with
several other small ridges farther southwest that are entirely sur-

rounded by lava. A few ridges also occur north of Coyote. (See
Pl 1, in pocket.)

OTHER HILLS AND RIDGES.

The plain between Gran Quivira and the lava beds is not greatly
broken by ridges or scarps and only slightly dissected by arroyos.
The hill country west of the lava beds lacks entirely the longitudinal,

terraced arrangement. It is essentially a greatly dissected plateau
48731°—wsp 343—15———3
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underlain by horizontal rock beds. The foothills of the Oscuro
Mountains form parallel ridges whose steep sides face the moun-
tains and whose gentle slopes are in the direction of the dip. They
have the longitudinal alignment, but not the terraced arrangement of
the features on the east side. The three types of rock structure and
resulting types of topography are illustrated in figure 3.

SINK HOLES.

Large sink holes are found on the plain north of the lava beds,
in the hill country west of the lava, and in other sections where the
Carboniferous formation, chiefly limestone and red beds, include lay-
ers of gypsum. (See pp. 57-60.) Good examples of such sink holes
are the big cave, fully 50 feet deep, near the east margin of the lava
(PL. VI, p. 26) and the sink in the arroyo followed by the west road
to Gran Quivira, about 5 miles north-northeast of the Cerros Prietos.
(PL. I, in pocket.) Both of these sinks receive considerable drain-
age at the present time, but many sink holes that were once functional
in receiving flood waters and conducting them away through under-
ground passages have long ago become choked up, and gentle de-
pressions with no outlets have resulted. Undrained depressions have
also been formed through the dissolving and removing of gypsum
strata by subterranean waters and the subsequent settling of the sur-
face. The northern part of the plain between Gran Quivira and
the lava beds consists largely of gentle undulations with undrained
depressions, and may be said to have a typical gypsum-sink topogra-
phy (See P1. XV, 4, p.48.) Red Lake, near Coyote station (Pl I,
in pocket) , is a depression of this type.

VOLCANOES AND LAVA BEDS.
YOUNGER LAVA BED.

The most impressive physiographic features of the northern part
of Tularosa Basin are two lava beds and three volcanic cones, one
cone surmounting the younger bed and two the older. The lava beds
are commonly called “malpais,” a Spanish term meaning bad land.
The younger bed lies along the central axis of the basin, west of Car-
rizozo, Oscuro, and Three Rivers, and is accurately shown in
Plate VI. It extends in a south-southwesterly direction, has a length
of 44 miles, a maximum width of 5} miiles, and an area of about 120
square miles.

The lava, extrided at the crater shown in Plate VI and possibly
from other vents now concealed; flowed along the axis of the basin
and solidified in a long ribbon-like body. It does not, however, have
an exact axial position, for the crater and northern lobe of lava lies
slightly west of the axis, whereas the southern lode lies east of it.
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The statement has repeatedly been made that the lava occupies an
ancient river channel, but this inference appears to be entirely con-
jectural, as no traces of any ancient channel could be found either at
the south end of the bed or farther north. In all probability the axis
cf the basin was occupied before the extrusion by a large arroyo that
conducted the flood waters of the northern section to the southern
desert region, and in a more humid epoch it may have been eccupied
by a permanent stream.

The relation of the lava bed to the existing topography is obvious,
and shows that not only the main axial depression but also the
present hills and ravines were in existence at the time of the volcanic
eruption. In the northern part the lava was obstructed in its flow
by the rock ridges on the east and still more by the hills on the west.
Where the lava came in contact with a ridge it was checked in its
movement but flowed over the surrounding plain, either leaving the
ridge in a peninsular reentrant, locally known by the Spanish name
“rincén,” or else completely. encircling it so that it formed an island
(PL. VI). Where the lava flowed against the hills on the west side
it sent tongues up the ravines and produced an exceedingly sinuous
line of contact with numerous rincons occupied by hills closely
embraced by lava. Farther south where the lava flowed out upon the
open plain and was not hampered by hills on either side, its margin
is more regular, but even here there are some large rincons. (See
PL VL) ’

As is shown in Plate VI, the lava bed consists of two expanded
lobes connected with each other by a long narrow neck. The north
lobe and its gradual constriction toward the south can be explained.
on the assumption that the lava was derived from the crater near
the north end and was governed in its flow by the contour of the
surface over which it was poured.” The material of the southern
lobe was probably also derived from the crater and deployed when it
reached the open plain, but it may have been extruded from vents
farther south that are now concealed.

The surface of the lava bed descends toward the south with the
axis of the basin at an average rate of about 30 feet per mile, in
addition to which the north lobe slopes toward the east and the south
iobe slopes more gently toward the west. As shown in Plate VI the
volcanic, cone is situated about 2} miles from the north end of the
lava bed and 14 miles from the margin at the point of nearest ap-
proach. The top of the cone is estimated to be about 5,700 feet above
sea level, or a little more than 200 feet above the plain that borders
the northern part of the lava bed. The surface rises gently from
the margin of the lava toward the crater, but most of the ascent of
over 200 feet occurs within a few rods of the summit.
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The margin of the lava bed is a rugged cliff or steep slope ranging
in height from only a few feet in localities where the adjacent plain
has become silted up by flood waters to a maximum of nearly 50
feet. Along a considerable part of the margin there is a well-
defined lava terrace intermediate in height between the general
surface of the bed and the surface of the adjacent plain. This ter-
race, which is shown in figure 4 and Plate VIII, A, was probably
formed by liquid lava breaking out from beneath the congealed
crust.

The surface of the lava bed is so rough that it defies ddequate
description. It can not be traversed for any distance by horses or
cattle, and even man can only with great effort make his way over it.
It contains small areas that are roughened only by minor irregulari-
ties or by a flow structure such as is shown on the slab in Plate
VII, B, but these smooth tracts are interrupted by abrupt pits,
fissures, or caverns, from 5 to 20 feet deep, by chaotic heaps of broken
slabs and sharp, angular chunks of lava, or by masses of jagged and

ropy fragments. (See Pls. VII and VIII.)

General surface of lave bed

Lava terrace

Alluvial plain
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FIGURE 4.—Profile showing marginal terrace of younger lava bed.

The irregularities of the surface have by several writers been
ascribed to an undermining of the bed by subterranean waters, but
there is no evidence that undermining has taken place to any appre-
ciable extent and it is difficult to conceive how this agency could pos-
sibly produce the existing condition. On the west side of the lava
there are several sink holes, into which some flood water escapes, but
it is doubtful whether these have affected the topography of the lava
bed in even the slightest degree. The water of Malpais Spring, the
only spring that issues from the lava, is perfectly clear, and conse-
quently removes no mechanical sediments. It carries out several
tens of thousands of cubic feet of soluble earth yearly, but this would
amount to only a small fraction of an inch beneath the entire bed
in a century. Even if liberal allowance is made for material removed
by the underflow that does not come to the surface, the assumed
undermining process seems quantitatively as well as qualitatively
inadequate. There can be little doubt that the irregularities were
produced at the time the lava was erupted, the solidified portions
being undermined, broken, and carried along by the fluid lava.
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‘When the lava flowed down the axis of the basin and solidified in
that position it to some extent blocked the outlets of the tributary
watercourses, producing shallow depressions that were flooded after
heavy rains. Duck Lake, at the north end of the lava bed, was prob-
ably formed in this manner. By the silting up of these impounded
areas mud flats have been produced that are treacherous in wet
weather. In many places shallow channels have been cut along the
margin of the lava, forming outlets for the flood waters, and on the
west side some of thé water is discharged through marginal sink
holes.

OLDER LAVA BED.

The older lava bed lies northwest of the younge: and forms ap-
proximately a right-angled triangle whose right angle is in the north-
west corner, whose north and west sides are, respectively, about 7%
and 5} miles long, and whose area is somewhat less than 25 square
miles. Its position and extent is shown approximately in Plates I
and XVII. It forms a much-less distinctive physiographic feature
than the younger bed.

Except for the features produced by the lava itself, the topography
of the region was nearly the same at the time of the first eruption as
it is at the present time. The escarpment of the plateau, the hills
and ravines west of the lava, and the draw leading toward the south-
west were all in existence. The two volcanic vents were at the edge
of the plateau, and the molten material flowed from them in direc-
tions determined.by the contour of the surface. Toward the west it
extended hardly one-half mile when its course was obstructed by
limestone hills, the smallest of which were submerged by the molten
flood, while the larger formed effective barriers but were partly en-
gulfed by tongues of lava that extended up the ravines. North of
the craters the lava was also obstructed, and in general extended less
than a mile from the northern vent. But toward the east and south
it was less hampered in its movement and therefore extended much
farther. The lava flowing toward the east appears to have been
poured over the edge of the plateau in a sort of huge cataract and
to have deployed widely over the low plain to the east, in a few
places forming islands out of rocky crags, which it surrounded but
did not submerge. The lava also found a rather steep slope toward
the south, and for a considerable distance followed a drainage line
that led southwestward.

The surface of the old lava bed is not nearly so rough as that of
the younger bed. In most places it is possible to drive across it with
a wagon, and in some localities at the lower levels the lava is cov-
ered with sediments to such an extent that its limits can not be ascer-

‘tained by surface appearances. The greater smoothness of the older
lava surface is largely the result of changes that have taken place
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since the eruption, but it may also be due partly to original dif-
ferences.

Post-volcanic sedimentation and erosion have taken place at the
margin of the bed, where the drainage is adjusting itself to the
obstructions produced by the lava. These changes are similar to
those found at the margin of the younger bed, but are clearly of
greater extent. A few erosion lines have also been cut into the lava
itself, whereas no erosion features whatever can be seen on the
younger bed. Examples of erosion on the older bed are furnished by
the gash on the southwest flank of the south cone and by the small
gulches at Indian tank and Serano tank.
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Fieurm 5.—Sketch map and section of voleanic cone on the younger lava bed.
YOUNGER VOLCANIC CONE,

The general flatness of the younger lava bed as viewed from a
distance is relieved near its north end by a volcanic cone, a sketch
map and profile of which are shown in figure 5. So difficult of access
is this cone that strange and wholly unwarranted stories in regard
to it are current even among people that live only a few miles away.
The conspicuous part of the volcanic eminence is a steep, sym-
metrical, cinder-covered cone, approximately 100 feet high, with a
crater 150 to 200 feet in diameter and depressed 20 to 35 feet below
the rim, as shown by the profile, AB, in figure 5. This steep cone
stands at the apex of a much larger and flatter lava cone that is at
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least a mile in total . diameter and hardly 100 feet in total height.
Northeast of the crater there are several ridges or heaps of cinders
concentric with the rim of the crater, all less than 50 feet high.
Northwest of the crater is an area of extremely broken lava, the
largest fissures being about 20 feet deep. The steep cinder cone is
probably a feature formed near the close of the volcanic activity
rather than the structure from which the bulk of the lava was
emitted. The cinder ridges have no craters and may have been built
of materials ejected from the cinder cone and lodged in their present
position by the wind, although it is more probable that they were
ejected from openings where they occur.

Volcanic cone of younger lava

South cone of older lava

North cone of older lava

North cone of older lava
‘B 500 1000 Feet

Approximate scale

FI1GURE 6.—Profiles of volcanic cones,

OLDER VOLCANIC CONES.

The two volcanic cones of the older lava-bed (the Cerros Prietos,
shown on Pls. I, in pocket, and VI, p. 26) stand at the east edge of
the Chupadera Plateau, about 6 miles west of the north end of the
younger bed, and are less than a mile apart. The rim of the crater
of the northwest cone is 250 to 300 feet above the general level of the
plateau, nearly 1,000 feet above the plain at the southeast base of the
older lava, and nearly 6,500 feet above sea level. The top of the
southeast cone is 50 to 100 feet lower. The northwest cone is the
larger of the two, but both are much larger than the younger cone
(fig. 6).

The southeast cone, which stands somewhat more than 100 feet
above the surrounding surface, is very symmetrical and exhibits| a
smooth cinder-covered surface, except in one locality on its south-
west flank where it has been cut open by recent erosion. It is crowned
by a saucer-shaped crater about 500 feet in diameter and 10 to 15
feet deep. No cinder ridges or other features such as are found in
the environs of the younger cone occur in relation to this volcano.
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The northwest cone is the largest and least symmetrical of the
three, as is shown by the profiles in figure 6. Its crater is elliptical
in ground plan, the east-west diameter being about 600 feet and the
north-south diameter about 1,000 feet. The rim of the crater has two
lateral cusps that stand more than 100 feet above the bottom of the
crater and between 200 and 300 feet above the surrounding plain. At
the north and south ends the rim sags and is only about 50 feet above
the bottom of the crater. The asymmetric character of the cone
is due to a structure that appears to be the remnant of a second rim
encircling the principal rim and suggests that the volcano may have
had a rather complex history. This cone, like the other, has no
cinder ridges such as are found at the cone on the younger lava. Its
flanks are trenched in a few places by small gullies.

SOUTHERN PART OF INTERIOR AREA.

GENERAL FEATURES.

South of Three Rivers, on the east side of the basin, and south of
the 7 X 7 ranch, on the west side, the rock surface passes beneath a
great accumulation of sediments derived in geologically recent time
from the waste of the mountains. The surface of this southern sec-
tion, as has already been explained, was formed by the disposition
of these sediments through the agencies of water and wind. It con-
stitutes an elongated shallow basin with steeply sloping sides but a
large interior area whose inclination is almost imperceptible.

The marginal slopes are built by the floods that from time to time
issue from the canyons of the surrounding ranges and are composed
of the rock waste that these floods sweep along with them. The shape
and size of such slopes depend on the character of the adjacent moun-
tains and of the floods to which they give rise. The mountain flanks
facing this basin are, as a rule, short and steep, and their short, steep
canyons shed the storm waters in sudden freshets of brief duration,
with the result that most of the débris carried out of the canyons is
piled near their mouths in short, steep, alluvial fans. This condition
is probably nowhere better shown than at Alamogordo, where the
descent from the mountains to the desert is very abrupt. Larger
and more gently sloping fans have been built north of Alamogordo
by La Luz and Fresnal creeks, Tularosa River, Rinconada Creek,
and Three Rivers (Pl II, in pocket) and in the northwest by several
large draws heading in the northern part of the San Andreas Range.

The plain that lies at the foot of the alluvial slopes and occupies
the interior of the basin is in general concave upward, but in some
parts it is slightly convex, as in the region several miles west of
Alamogordo, where an imperceptibly gentle swell of the surface
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southwestern part of the plain is the lowest, because most of th
sediments of which the plain was bullt were derived from the eas
and north.

Nearly level plains have in some places been produced by strea
gradation, but the flatness of the extensive desert plam of Tularos
Basin suggests, though does not prove, that the region was for a lon
time submerged and was built up by the uniform sedimentation tha
takes place at the bottom of a body of standing water. Althou}

|
|
\
|

shuts off the view of that city from the plain west of the swell. F

the plain as a whole is nearly level, there are imposed on it a numbe
of characteristic minor mregularltles, which are described in su
ceeding paragraphs.

BUTTES.

A few rocky buttes project above the desert plain, most of the |
near-a line extending generally northward from the Jarilla Range.
They are the peaks of mountains that have been nearly submergeﬁ
by sediments. They are not large, but by reason of their isolation
they form conspicuous and well-known landmarks, the most im
portant being Cerrito Tularosa, about 8 miles southwest of Tularosa(,
and the group of buttes southwest of Dog Canyon which the Mexi
cans have long called the Tres Hermanos, or “Three Brothers
(Pls. I and II, in pocket).

P

FAULT SCARPS AND SHORE FEATURES.

Among the most conspicuous and characteristic of the physio
graphic features of this region are a seriesof cliffs and terrac
which interrupt the regularly curving profiles of the stream-bui‘;i
slopes that border the southern part of the basin (Pls. I, IX, X, and
XT). These features are, with a few exceptions, below the 4,250-foot
contour, but they occur at several levels between that contour ang
the desert flat. Single cliffs range from only a few feet to more thaj
50 feet in height, but the maximum combined height of successiv
cliffs in the same locality may be more than 100 feet. Cliffs an
terraces extend along the west side of the basin almost continuousl
from a point between Ritch’s and Baird’s ranches (T. 17 S., R. 4 E.
to the low divide south of .Coe’s ranch. Crossing this divide the;
extend along the west side of the Hueco Basin to El Paso, main
taining throughout about the same maximum altitude above sea
level. Features of the same type are found on the east side of
Tularosa Basin, extending from the vicinity of Dog Canyon south-
ward as far as the region was examined. A cliff at a considerably
higher level can also be traced for several miles along the slope

bordering the Sacramento Mountains between Alamogordo and La
Luz. .
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Terraces have been observed in this region by several geologists,
and have been regarded by them as shore lines, fault scarps, or débris
accumulations caused by floods. R. T. Hill}* in his paper on the
Texas-New Mexican region, states:

The Hueco-Organ basin [comprising the Hueco and Tularosa basins] is
aceompanied by many terrace benches around its border. These are of two
kinds: (1) Remnants of ancient shore lines; and (2) delta deposits of débris
brought down by present floods upon the mountains. The terraces are es-

pecially well shown in the pass of the Rio Grande at El Paso, where on the
northern side 7 or 8 tiers of them above the river level can be traced.

R. S. Tarr,? in an article published about the same time, states:

On the foothills of the mountains are quite distinct beaches, which, with
other evidence, tend to prove that this is the site of Quaternary lakes.

C. L. Herrick,? in his paper entitled “ Lake Otero, an ancient salt
lake basin in southeastern New Mexico,” states:

Along the gradual slope west of the southern tongue of the malpais, erosion
has exposed what seem to be remnants of old lake benches. At no other place
have they been observed, though 3 or 4 distinct benches border the playas.

G. B. Richardson, in the El Paso folio, describes the benches on
both sides of the Franklin Mountains, and regards the high-level
benches on the east side as recent fault scarps. Ellsworth Hunting-
ton, in a trip through the region in 1912, observed the terraces west
of the white sands and regarded them as ancient shore lines; the
cliff east of Alamogordo, however, he regarded as a fault scarp.*

In general fault scarps and ancient shore lines are so different
from each other that there is little chance of confusing them, but
many of the features in this region, though they have the general
appearance of both, lack the distinctive characteristics of either to
such an extent that it is difficult to determine théir true origin. The
fact that cliffs and terraces are found on both sides of Tularosa Basin
gives no clue to their origin. Recent faulting, such as would be
shown by scarps on the alluvial slopes, would be expected to occur
along ancient fault lines, where the earth’s crust is already broken.
Such ancient fault lines are believed to exist on both sides of the
basin. (Seepp.74,75.) On the other hand, if the basin were once oc-
cupied by a lake, shore features would in all probability be formed
on both sidés. In the scarp on the slope between Alamogordo and

‘La Luz displacement is indicated by the fact that bedrock, mantled
by valley fill, occurs on what would be the upthrow side, and abuts
against valley fill on the downthrow side. A displacement of about
92 feet was also observed by Richardson in the unconsolidated deposits

1Geol. Soe. America Bull,, vol. 3, p. 96, 1891.

2 A recent. lava flow in New Mexico: Am. Naturalist, vol. 25, p. 524, 1891.
8 Am. Geologist, vol. 34, p. 185, 1904.

4 Oral statement to author.
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at El Paso. On the other hand, some of the features on the west side
of the basin and also southeast of Dog Canyon suggest a lake origin.

The cliffs and terraces, although maintaining the same general
altitude throughout the region and broadly following the sinuosities
of the contours, lack for the most part the precise horizontal lines
which are so distinctive of ancient strands. But this condition is not
absolute disproof of a lake origin. Where the waves of a lake form
a cliff the base of the cliff and the terrace at the base are virtually
horizontal, but the upper edge of the cliff is of course an irregular
line. 'When the lake subsides the high land back of the cliff is eroded
and the eroded material is deposited over the terrace in alluvial
cones. By this process the base of the cliff also becomes an irregular
line. At the same time the terrace is largely destroyed by both depo-
sition and erosion.

The cliffs and terraces are not accompanied by well-preserved
beach ridges, bars, or spits, but in a few places there are features
that appear to have been formed by the waves. Southeast of Globe
Spring there is a large alluvial fan that is contoured by the terrace
features. On the edge of at least one of these terraces gravel hills
are conspicuous from the upslope as well as the downslope side of

_the fan, suggesting remnants of a large but greatly eroded beach ridge.
Along the divide south of Coe’s ranch large but indistinct ridges
somewhat resembling beach ridges swing across the plain. Along
the road about 3 miles southeast of Ritch’s ranch a gravelly ridge
having the appearance of a beach ridge runs parallel with the edge
of the alkali flat. A somewhat similar feature was observed several
miles southeast of Cerrito Tularosa. Suggestions of a beach are also
seen on the large alluvial fan 10 miles southeast of Dog Canyon
near the road to Lee’s ranch. Some indistinct terraces were found
around the Jarilla Mountains and the isolated buttes, but they are
nowhere well developed, although the isolation of these projecting
land masses should have subjected them to especially strong wave
action. The relatively rapid descent of the plain in a belt midway
between the railroad and the white sands, and a similar rapid descent
near the alkali flats on the west side of the basin south of Ritch’s
ranch, are features such as are produced by rapid sedimentation near
the shore of a lake or sea. A more pronounced drop in the surface
of the plain is traceable along a line that extends through the Lo-
mitas, Gray, and Chosa ranches. All these features are, however,
indefinite, and it is difficult to conceive that a lake which stood high
enough to have formed them should have left so few other shore
features.

Extensive observations in connection with the present investiga-
tion, though not producing conclusive evidence, have led to the belief
that the prominent cliff and terrace features were caused, at least for
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the most part, by faulting, and that shore features
were poorly developed or largely destroyed by post-
lacustrine changes. The best evidences of the exist-
ence of an ancient lake are not physiographic.

ALKALI FLATS.

Lying within the low desert area, principally near
its west margin, are several large alkali flats and an
indefinite number of smaller ones, together covering
an area of about 165 square miles (PL II, in pocket,
and fig. 7). :

The most characteristic of these flats constitute defi-
nite topographic features. They are not indistinet
sags in the surface of the plain but sharply defined
basins with nearly level floors 10 to 30 feet below the
general surface of the plain and in some localities 30
to 50 feet below the surface of adjacent dunes. In
many places the descent from the plain or dune sur-
face to the flat is a sheer cliff but in others it is less
abrupt.

These depressions could not have been formed by
stream erosion for they have no outlets, and they are
clearly not sink holes nor ancient shore features.
That they were formed by wind erosion is definitely
proved by the fact that the excavated material gener-
ally lies in dunes on the plain immediately east or
northeast of the depression from which it was obvi-
ously derived, the material having been borne in the
direction of the prevailing storm winds, which blow
from west and southwest. In some places the even
surface of the flats is interrupted by mesas with
comparatively flat tops and steep sides, which are
remnants of the original plain not yet removed by the
wind.

Some of the smaller flats lie in shallow and indefi-
nite sags of the general surface, but even these are
accompanied on their east or northeast sides by wind-
built ridges, which show that they are of eolian origin.

The floors of the flats are not normally covered with
water, and in many places they are so firm that a
wagon can be driven over them, even where no road
has been made. However, they stand only slightly
above the water table, and the ground beneath them is
nearly everywhere moist from the upward seepage of
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the ground waters. Ordinarily wind erosion does not develop flat
surfaces, but the flatness of these depressions is manifestly caused by
the water table, which limits the depth to which the wind can erode.
The floors of the flats are not entirely level, but slope very gently,
just as the water table might be expected to slope. From the north to
the south end of the system of large flats, a distance of somewhat less
than 30 miles, the surface descends a little over 100 feet. A line of
levels carried across the flat in the vicinity of Baird’s ranch showed a
difference’in level of only 8 feet in the first 4 or 5 miles east of the
west margin.

Alkali flats occupying well-defined depressions have been observed
in the Estancia, Encino, and Pinos Wells basins in central New
Mexico® and also in certain parts of the Great Plains; for example,
in the shallow-water belt in the vicinity of Portales, N. Mex. They
are not, however, characteristic of the closed basins of most parts of
the arid West. The great development of these depressions in cer-
tain New Mexico basins is probably related to the gypseous character
of the deposits in these basins and their consequent susceptibility to
wind erosion. The absence of the depression features in many other
basins is probably due to the presence of heavy clay that is not
readily attacked by the wind.

The depressions of this region, like those in other parts of New
Mexico, tend to develop an elongated form with the long axis ex-
tending approximately north and south, at right angles to the direc-
tion of most effective winds.

DUNES.

In Tularosa Basin, as in other arid regions, the wind has been
at work over wide areas, eroding, transporting, and depositing ma-
terials, and thereby producing physiographic features that are dis-
tinctive of the activity of this agency. The chief material handled
by the wind in most localities is quartz sand, but in this region
gypsum is very abundant at the surface and gypsum sand is conse-
quently more important than quartz sand as a wind-borne material.
(See Pls. XII, XIIT, and XIV, B.)

The most conspicuous area of wind deposits is a tract of freshly
deposited gypsum sands, 270 square miles in extent, lying on the east
side of the large alkali flat (Pl. II, in pocket). The unique feature
of this area is not its topography but the unusual material compos-
ing the dunes and the resulting snow-white appearance of a large
part of the area. The irregular, hummocky, ripple-marked surface
resembles so closely the surface of an ordinary dune area in which
quartz sand is the material handled by the wind that detailed de-
scription is not necessary. The gypsum sand was deposited on the

1 Geology and water resources of Estancia Valley, N. Mex.: U. 8. Geol. Survey Water-
Supply Paper 275, pp. 25, 78, and 82, 1911,
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original surface of the desert plain and consequently the general level
of the dune area is somewhat higher than that of the surrounding
plain where little or no gypsum was deposited by the wind. The
largest dunes rise over 50 feet above the plain level, but within the
dune area there are low, swampy, tracts that may represent the
original surface -of the plain or may have been developed by the
erosion of that surface by the wind.

A definite relation exists between the white sands and the large
alkali flat, which is floored and walled with crystallized gypsum.
The white sands lie on the east side of the flat (Pl II, in pocket) and
are composed of the broken gypsum crystals wrested from it by the
storm winds. The east margin of the white sands is in most places
sharply defined, the white, granular gypsum deposits ending abruptly
like a snow bank on its leeward side. The sands, still driven by the
storm winds, are gradually shifting eastward and encroaching on the
plain. Roads that formerly followed the margin of the dune area
are now covered with gypsum sands and new roads have been started
farther east. In some places the margin is reported to have advanced
about a mile in 20 years.* .

The area of fresh gypsum-sand dunes has rather definite limits,
as shown in Plate I, but the entire area that has been more or less
affected by the drifting of gypsum sands and other gypseous ma-
terial extends much farther and has less distinct boundaries. It
reaches southward in a wedge-shaped area to a point a few miles
south of Parker Lake, eastward within a short distance of Ala-
mogordo, and northward (outside of the quartz-sand area) about to
the lava bed. Within this larger area the surface is nearly level,
but includes numerous low ridges and shallow depressions, some of
them obviously formed by the wind but others hardly discernible
or not readily differentiated from the sink holes. This large region
is covered with desert vegetation and is not at present subjected to
vigorous wind work. Whether its topography represents an older
epoch of dune formation or merely a less vigorous phase of wind
activity is not evident.

North of the white sands the dune area is continued as a belt of
quartz sand which covers more than 100 square miles and lies east and
northeast of the northern alkali flats (PL II, in pocket). As in the
white sands, the east margin is sharply marked but the west margin
is indefinite, the entire region east of the flats being more or less
affected by wind work.

Low sand dunes of a more reddish hue are found over a wide area
in the southern part of the basin. They extend a number of miles

1 MacDougal, D. T., Botanical featnures of the North American deserts: Carnegie Insti-
tution of Washington Pub, 99, 1908,
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north, west, and east of the Jarilla Mountains and south to the
Texas line. A large part of this area has no definite drainage, but
contains numerous small arroyos that maintain themselves for only
short distances among the drifting sand and end in shallow depres-
sions often called “lakes.” This undrained belt constitutes the indefi-
nite divide between the Tularosa and Hueco basins.

SINK HOLES.

Sink holes are found not only in the areas underlain by gypsiferous
bed rock but also in the parts of the desert plain underlain by re-
cently deposited gypsum. They are especially abundant in a belt
several miles wide lying east of the principal dune area, some of
the largest sink holes of this type being found in the vicinity of
Cerrito Tularosa (Pl. XV, €¢). They occur most commonly along
the margins of the arroyos (fig. 43), and range in size from tiny
openings resembling gopher holes to caverns at least 10 feet in diam-
eter at the top. Even the small holes will admit large quantities of
flood water. The water discharged from Shoemaker’s flowing well
(PL XVIII, B, p. 158) is drained into one of these sinks.

Several water holes have been formed apparently by the sinking
of the surface beneath the present ground-water level, examples of
which are the pond situated a little over 2 miles southwest of Shoe-
maker’s flowing well and in the same flat-bottomed arroyo as that
well (Pl VIII, B), the pond at a ranch about 1} miles north of the
same well (NE. } sec. 85, T. 14 S., R. 8 E.), and several water holes
observed in the arroyo in sec. 9, T. 15 S., R. 9 E. The pond south-
west of the flowing well is fully 400 feet long and stands about
at a level with the arroyo. The pond at the ranch north of the
flowing well is somewhat smaller but occupies a circular depression
about 10 feet deep. The ground water fills the bottom of this de-
pression and drains southwestward through a rather definite under-
ground channel that has caved in at several places and forms a second
pond before the water finally disappears below the surface.

Small mounds occur on the southwest sides of some of the sink
holes that are filled with water, the material of which they are built
apparently having been brought by the wind and captured by the
vegetation and moist soil on the windward sides, whereas but little
wind-borne material reached the opposite sides.

The belt having gypseous soil and abundant sink holes is character-
ized, at least in many localities, by a gently undulating topography
and shallow undrained depressions. These irregularities are prob-
- ably chiefly of sink-hole origin although some of them are no doubt
due to wind. Since both solution and wind work are related to the
gypseous character of the soil they are largely coextensive, and in
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many places it is therefore difficult to differentiate between the fea-
tures produced by these very different agencies. This difficulty is
increased by the fact that the texture of the gypseous material, which
might give a clue to its origin, is greatly altered by the solution and
reprecipitation that is constantly taking place near the surface.

ARROYOS,

With respect to their origin the arroyos that trench the steam-built
slopes and desert plain belong to four groups, namely, (1) the arroyos
that dissect the portions of the slopes above the cliff and terrace
features (pp. 41-44); (2) the arroyos in the upper parts of the slopes
not interrupted by cliffs; (8) the arroyos on the east side of the basin
extending from the foot of the steep slopes about to the white sands;
and (4) the arroyos in the lowest parts of the plain that lead directly
into the alkali flats. .

The cliffs that interrupt the regular profiles of the stream-built
slopes have thrown out of adjustment the streamways that descend
from the mountains to the desert plain. Consequently, the flood
waters discharged from the mountain canyons have eroded the slopes
above the cliffs, but have formed alluvial cones at the bases of these
cliffs. :

Even where the slopes are not broken by cliffs-the upper parts are
as a rule trenched by the large arroyos that cross them. Much of
the high-level erosion is relatively old and is probably due to the
fact that the large canyons emerge from the mountains at lower
levels than the small ones, and also that all of the canyons have been
progressively cut down and therefore discharge at lower levels than
they did in the past.’ Some of the trenches that cross the upper
slopes are, however, of a different character, having practically
vertical walls and all the characteristics of extreme youth. Some
of them have been cut since the white men came into the region—a
few possibly by a single flood—and they are probably to be attributed,
at least in part, to changes made by man. A good example of the
recently cut arroyos is the precipitous gorge that leads from the
mouths of Fresnal and La Luz creeks, and is crossed by the road
between Alamogordo and La Luz and also by the road between La
Luz and Cloudcroft.

When followed downstream the high-level gullies and arroyos
gradually become more shallow and eventhally disappear altogether,
their flood waters either spreading over the slopes or following ill-
defined streamways. But on the east side of the basin, in town-
ships.14 to 17, there is an entirely different group of arroyos which
begin several miles farther down the grade, where the distinct slope

1 Geology and water resources of Sulphur Spring Valley, Arizona: U, 8. Geol. Survey
Water-Supply Paper 320, pp. 29 and 30 and figs. 3 and 4, 1913,
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merges into the gently inclined desert plain. They are shallow
where they begin, but increase gradually in depth for several miles
downstream until their bottoms are from 25 feet to nearly 50 feet
below the general upland level, beyond which they gradually become
more shallow. The arroyos farthest north extend to the dune area,
but the southernmost disappear completely before they reach the
sands. (See PL II, in pocket, and fig. 8.) Some of the northerly
arroyos persevere through the sands for several miles, but others are
definitely blocked and have miniature strands formed in the soft
gypseous materials by the impounded flood waters. These arroyos
are characterized by their flat bottoms, great width, and general lack
of features showing recent erosion. The fact that some of them begin

Horizontal scale Altitude, feet above sea level
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FicURE 8.—Profiles of mid-slope arroyos and of the plain which they dissect. a, Arroyo
south of Cerrito Tularosa; b, Salt Spring to Kearney; ¢, northeastward from Point of
Sands.

rather abruptly as small gullies seems to indicate that they were
formed by headward erosion. ‘

The peculiar feature of these arroyos, differentiating them from
nearly all other arroyos in desert basins that have been described, is
that they are found only within certain vertical limits on the débris
slope and that, where not obstructed by dune sands, they fade out
completely in both diréctions. It is popularly believed that they
were formed at a time when the climate was more humid, and that
they were once occupied by broad streams. Although their origin is
probably associated with climatic changes, the simple assumption of
greater run-off does not adequately account for the peculiarities of
these arroyos, and there is no reason for believing that they were
ever occupied by any large permanent streams,

48731°—wsp 343—15——4
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The slopes of a débris-filled basin that are built by streams from
the mountains form a grade that is delicately adjusted to these
streams. As a rule the grade is steepest near the mountain border
and diminishes gradually down the slope until in the interior of the
basin the surface is nearly level. The profile of a stream-built slepe
is therefore normally concave upward. It is significant that in the
belt traversed by the arroyos under discussion the regular eon-
cavity of this profile is interrupted, and that in some parts of the belt
an actual upward convexity exists. This convexity is imperfectly
shown by figure 8, but can be better observed in the field. For
example, Alamogordo is not in view from the plain several miles
west of that town, because of the upward swell of the intervening
surface in the zone affected by the arroyos. This gentle swell could
have been created by a slight deformation of the underlying beds or
by aggradation resulting from some climatic change. Such swells
are commonly produced in basins of this kind when they are occupied
by lakes. If a slope that is graded by stream action, as described
above, becomes partly submerged, the adjustment represented by the
grade is disturbed, and a slope with a different profile is gradually
developed. A large amount of sediment is likely to be deposited near
the shores of the lake. If the tributary streams occupy definite
valleys deltas will be built, but if the floods spread over the slopes
in sheets, sedimentation will take place all along the shore. After
the lake disappears the ancient shore line forms a swell or upward
convexity in the profile of the slope, which is subjected to erosion
and in time becomes dissected by gullies that develop headward.
Small gullies of this type have been observed in other ancient-lake
basins; for example, in Sulphur Spring Valley, Ariz.,' but broad,
well-developed arroyos, such as the mid-slope arroyos of Tularosa
Basin, have not hitherto been ascribed to such an origin. Other pos-
sible explantions of the convexity are deposition by floods (quoted
from Hill on p 42) or ancient eolian deposition.

These arroyos are obviously related to the largest streams in the
basin, namely, Tularosa River and Fresnal and La Luz creeks (PL I,
in pocket). There is probably a double reason for this relation.
First, these large streams furnished the greatest amount of débris for
aggradation; then, when the conditions changed, they furnished the
greatest amount of water for the erosion of the aggraded swell and
the reestablishment of the original grade. The great maturity of
these arroyos as compared with the postlacustrine gullies of other
basins, such as Sulphur Spring Valley, may be due to the large
amounts of storm water discharged through them or to their greater
antiquity.

1 Geology and water resources of Sulphur Spring Valley, Arizona: U. S. Geol. Survey
Water-Supply Paper 320, p. 42, 1913,
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The low-level arroyos are gullies or small canyons cut into the
plain and draining into the alkali-flat depressions, the grade of their
streamways being accordant with the floors of these depressions.
They have evidently developed since the depressions were excavated
by the wind, mainly, through headward erosion, and their depth is
regulated by the depth of these depressions. Their youth is shown
by their steep, freshly cut walls and by the short distance that most
of them have been cut back from the marging of the alkali flats.
The valley of Salt Creek belongs to this group, but is much larger
and longer than any of the other arroyos. In the lower few miles
of its course it has a flat bottom one-fourth mile or more in width
and precipitous walls about 40 feet in maximum height of gypsum
and clay of pure white and delicate shades of red. Although this
canyon is essentially the product of stream erosion, a part of the
excavating work was probably done by the wind in a manner similar
to that in which the alkali-flat depressions were formed, wind work
being indicated by certain irregularities in the width of the canyon,
and by wind deposits on the east side.

Since the alkali flats practically coincide with the water table, the
streamways of the tributary arroyos are also near the water level.
In the vicinity of Salt Creek the slope of the water table is such
that the creek has cut down to and tapped the underground waters,
thereby becoming a permanent stream. In November, 1911, the flow
of the creek at a point 10 miles above its mouth (NW. } sec. 15, T.
12 S, R. 6 E.) was estimated at one-half second-foot, while at a
point 2 miles above its mouth (sec. 20, T. 18 S., R. 6 E.) it had prac-
tically no surface flow, though there was some seepage through the
sand in the bed of the creek. |

MEADOW SOUTH OF THE WHITE SANDS.

A narrow strip of level meadow land extends almost without inter-
ruption from the south end of the large alkali flat in the vicinity
of Lucero’s ranches to the divide south of Coe’s home ranch, near
the Texas line (Pls. I and IT, in pocket). This meadow is bordered
on the west by the steep stream-built slope of the San Andreas and
Organ mountains and on the east by the hummocky, wind-blown
gypsum and red-sands areas. It has so much of the appearance of
an ancient river bed that it has been regarded by many persons as
the former outlet of Tularosa Basin, but the topography of the
region probably makes this explanation untenable. The meadow
has at .present no southward grade. In some localities the flood
waters drain in one direction and in others in the opposite direction,
and the lowest peint on the Texas line is about 100 feet higher than
the meadow in the vicinity of Lucero’s ranches, 50 miles farther
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north. Moreover, the meadow is definitely interrupted at the divide
south of Coe’s ranch. It may possibly represent the bed of a stream
that flowed northward; more probably it is a feature developed in

large part by the wind.

FEATURES PRODUCED BY SPRINGS.

- Mounds built by springs are found over an area several square
miles in extent on the plain a short distance west of the southern

N~
B

*
Water-bearing mound

\ *
N Extinct mound

0 be e

Ficure 9.—Map showing Mound
Springs in T, 10 S.,, R, 6 E.

part of the lava bed, in T. 10 S, R. 6
E. (See Pl. XVI.) Twenty-nine of
these mounds are shown on the map
forming figure 9,and a few other poorly
preserved ones probably exist in the

. region adjacent to the area covered by

the map. A typical mound of this
group forms a low, flat, symmetrical
dome at the top of which is a shallow,
circular depression that may contain
water. The largest of the mounds are
fully 600 feet in diameter and 15 to 20

. feet in height, and have “craters”

ranging in diameter from 50 to 125
feet.

The mounds are composed of a felt-
work of vegetable fibers partly con-
verted into peat, with interstitial black
silt, gray gypsum, and other sub-
stances, the whole having a mottled,
black and gray appearance. The veg-
etable matter was produced and partly
protected from decay by the spring
water; the sandy sediments were
brought by the wind, stopped by the
growing vegetation, and secured by
the moisture of the springs from fur-
ther wind attack; the gypsum was in
part precipitated from the water and

in part deposited by the wind. As a mound developed it formed a
sort of vertical tube that was relatively impervious at the outside and
porous at the center, with the result that the water rose to its apex
and its growth tended to continue.

There are two kinds of mounds—those that at present have an
overflow or at least a central pool of living water, and those that are

no longer water bearing.

The extinct mounds outnumber the active
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ones in the ratio of about 3 to 1. They are on an average larger
although flatter and less conspicuous than the active mounds. The
materials of which they are composed have become firmer and more
compact, the gypsum forming hard ledges at the top. Through the
oxidation of these materials, no longer protected by water, their
color has been changed from blue-black, which characterizes the
water-bearing mounds, to a dull red that does not differ greatly from -
the hue of the rest of the desert. Apparently a mound grows in the
manner described until its water level is some distance above the
surface of the surrounding plain, but when it reaches a height above
which the water will not rise by hydrostatic pressure its develop-
ment ceases and the pool of water is ceiled by the same process which
built the mound. Eventually the water may break out at a lower
level in the adjacent plain, with the result that the old mound is
drained and the development of a new mound is begun.

The fact that the water rises in the mounds considerably above the
level of the plain shows that it is under artesian pressure and indi-
cates that it comes from a comparatively deep source.

The following tables give approxlmate data in regard to several
of the mounds:

Approzimate data relative to several mounds of the Mound Springs group.

Height of
water level Discharge.
above plain.,

Number| 1 : Presence of water
on map,| Dismeter. | Helght. | ©t% Corrmce.

3 | None.
Several gallons per minute.

None,
Do.
Do.
1 gallon per minute,

GEOLOGY.
GENERAL FEATURES.

The sedimentary formations of Tularosa Basin belong chiefly to
the Carboniferous, Cretaceous, and Quaternary systems, but Paleo-
zoic sedimentary rocks older than the Carboniferous may be repre-
sented, and sedimentary rocks of Triassic, Jurassic, and Tertiary age
may be present. The igneous rocks are chiefly of pre-Carboniferous
_ (probably pre-Cambrian), Tertiary, and Quaternary age, but there
may also be igneous rocks that were erupted after the Carboniferous
period but before the Cretaceous sediments were laid down and also
near the close of the Cretaceous period.
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FIGURR 10.—Columnar section of formations in Tularosa Basin (based on reconnaissance
survey).
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On the crystalline basement, which is probably pre-Cambrian,
rests a thick body of limestone, sandstone, shale, and gypsum, which
is ehiefty or wholly of Carboniferous age and which forms the bulk
of the Sacramento, San Andreas, Little Burro, and Oscuro ranges,
and underlies most of the northern part of the basin. Lying strati-
graphically above the Carboniferous rocks, and outcropping in the
ridges and mountains east of the lava beds between Three Rivers and
‘Whiteoaks, are alternating beds of sandstone, shale, and limestone,
with a few seams of coal, belonging chiefly or wholly to the Cretace-
ous system. Intruded into both Carboniferous and Cretaceous strata,
but found in greatest abundance in the northeastern quarter of the
basin in association with the Cretaceous strata, are igneous rocks of
differing composition and texture. Resting on the older formations
and filling the southern part of the basin to great depths are poorly
consolidated deposits of clay, sand, gravel, gypsum, and other mate-
rials, chiefly of Quaternary, but probably in part of Tertiary age.
Spread over the surface in certain tracts of the northern part of the
basin and resting in part on the Quaternary sediments is the basalt
of the two lava beds. The character, thickness, and age of these
formations are shown in the columnar section, figure 10, and their
areal distribution and relations are shown in the map forming Plate
XVII. The geology of the region has not been studied in detail,
and both the section and the map are therefore only approximately
correct.

PRE-CARBONIFEROUS GRANITE.

Crystalline recks outerop below the sedimentary beds in a prac-
tieally uninterrupted band along the lower half of the east side of
the San Andreas Mountains from Mockingbird Gap to the south
end of the range, in a narrow band at the west base of the northern
part of the Little Burro Mountains, and along the lower part of the
west face of the Oscuro Mountains except near their south end
where the overlying beds plunge beneath desert sediments. In
some places they form more than one-half of the lofty Oscuro es-
carpment. Wherever the basal crystalline rocks of these mountains
were observed they consist of massive reddish granite and are
separated by an erosion surface from the overlying sedimentary
beds. In the Franklin Mountains, situated south of Tularosa Basin
(PL I, in pocket), Richardson® found pre-Cambrian rocks consisting
of rhyolite porphyry and quartzite with intrusions of granite that
are at least in part of more recent origin. In the Manzano Moun-
tains and the Pedernal and adjacent hills, situated north of Tula- .
rosa Basin, are extensive exposures of schist, quartzite, granite,
and other igneous rocks, all apparently older than the Carboniferous

1Richardson, G. B., U. 8. Geol. Survey Geol. Atlas, El Paso folio (No. 166), p. 3, 1909.
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rocks that lie above them.! In the mountains of Tularosa Basin,
which occupy a position intermediate between the Manzano and
Franklin ranges, the equivalents of the quartzite and schist have
not been observed, but the granite of this region should probably
be correlated with the granite in the Manzano Mountains and the
highlands east of Estancia Valley. This granite is probably all
pre-Cambrian, but careful examination may show that a part of it
is, like some of the granite of the Franklin Mountains, of more
recent origin.

CARBONIFEROUS SEDIMENTARY ROCKS.
DISTRIBUTION.

The Carboniferous system is represented in Tularosa Basin by
strata aggregating nearly or quite a mile in total thickness and
lying at or near the surface over about 2,000 square miles, or about
one-third of the total area of the basin. This system includes a
lower series known as the Mississippian, and a much thicker and more
widely exposed upper series known as the Pennsylvanian.

RELATION TO OLDER ROCKS.

In northern New Mexico Pennsylvanian strata rest directly on
the crystalline basement, believed to be pre-Cambrian, but in a
number of localities in the southern part of the State older Paleozoic
beds occur below the Pennsylvanian and rest on the erosion surface
of the pre-Cambrian crystallines. In the Franklin Mourtains Rich-
ardson has found Cambrian sandstone 300 feet thick, Ordovician
limestone 1,200 to 1,400 feet thick, and Silurian limestone about
1,000 feet thick, on which rest unconformably at least 3,000 feet of
Pennsylvanian rocks.? Cambrian and Ordovician beds have also
been found by Gordon in the Caballos Range.®? How far north the
Cambrian, Ordovician, and Silurian beds extend before they are
wedged out between the Carboniferous and pre-Cambrian is not
known. In the vicinity of Mockingbird Gap no fossils were found
in the beds immediately above the granite, but lower Pennsylvanian
fossils were found in the talus near the granite contact and in place
at a considerable distance above the contact. Paleozoic formations-
older than the Carboniferous are probably either absent or but
poorly developed in Tularosa Basin.

1 Meinzer, O. E., Geology and water resources of Estancia Valley, N. Mex,: U. 8. Geol.
Survey Water-Supply Paper 275, p. 11, 1911,

2 Richardson, G. B., U. S. Geol. Survey Geol. Atlas, El Paso folio (No. 166), 1909.

3 Gordon, C, H., and Graton, L. C.,, Lower Paleozoic formations in New Mexico: Am.
Jour. Sci., 4th ser., vol. 21, pp. 390-395, 1906.
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MISSISSIPPIAN SERIES.

In northern New Mexico Mississippian, or lower Carboniferous,
as well as older Paleozoic formations, are generally absent, but in
the southern half of the State beds containing Mississippian fossils
have been found in several localities. In Tularosa Basin the Missis-
sippian series is represented by limestones that are exposed in the
lower part of the west side of the Sacramento Mountains. Fossilif-
erous Mississippian limestones several hundred feet thick were found
by C. L. Herrick in the vicinity of Dog Canyon, and lower Missis-
sippian fossils have been identified by G. H. Girty from limestones
at the base of the Sacramento Range east and northeast of Alamo-
gordo. No rocks containing Mississippian fossils have yet been
found in other parts of the basin. In the northern part they would
in general be concealed below the Pennsylvanian beds, but if Paleo-
zoic formations older than the Pennsylvanian exist in the ranges
on the west side they must be exposed and will be identified when
the rocks are studied more carefully.

PENNSYLVANIAN SERIES.

Outcrops—The Pennsylvanian series is greatly developed in Tula-
rosa Basin. Practically the entire series is present and is thrice
repeated in the exposures of the region; first, in the Sacramento
Mountains; second, in the Little Burro and Oscuro mountains and
the region lying farther east and northeast; and, third, in the San
Andreas Mountains. In the northern part of the basin the beds lLie
nearly horizontal and are generally concealed, but still farther
north, on the east side of the Manzano Mountains and the north edge
of the Mesa Jumanes, the greater part of the series is again exposed.

Subdivisions.—The Pennsylvanian series of New Mexico has been
divided into two groups—the lower known as the Magdalena and
the upper known as the Manzano,' both of which are represented in
Tularosa Basin in nearly full development. The Magdalena group
consists of gray limestone and minor amounts of sandstone and shale
of predominantly gray hue. The Manzano group consists largely
of sandstone and shale, but contains also considerable limestone, espe-
cially near the top, and much gypsum interbedded with the rocks:
The sandstones and shales of the lower part of the group have a pre-
vailing red color, which, however, is more noticeable in the northern
than in the southern part of the region.

Sacramento section—Both the Magdalena and Manzano groups
are exposed on the west flank of the Sacramento Mountains. Lime-

1 Lee, W. T., and Girty, G. H., The Manzano group of the Rio Grande valley, N. Mex, :
TU. 8. Geol. Survey Bull, 389, 1909,
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stones, shales, and sandstones containing Magdalena fossils here rest
on the Mississippian beds or have their base concealed by talus de-
posits. Above these, constituting the middle part of the mountain
escarpment east of Alamogordo, lie several thousand feet of sedi-
ments that are largely clastic and of red color. Still farther up,
forming the top of the mountain at Cloudcroft and extending some
distance north of the Indian agency, are limestones bearing Manzano
fossils. The total thickness of the Pennsylvanian series in these
mountains is rendered somewhat uncertain by faulting, but it is prob-
ably not much less than 5,000 feet.

Severa] isolated limestone buttes, nearly submerged by desert sedi-
ments, extend in a chain with a general north-south trend across the
plain a few miles west of the base of the Sacramento Mountains.
At the north end of the chain is Cerrito Tularosa (sec. 12, T. 15 S,,
R. 8 E.) ; farther south, a short distance northeast of the Point of
Sands, are two small limestone domes (situated, respectively, on
sec. 28, T. 17 S., R. 8 E.,, and sec. 6, T. 18 S., R. 8 E.); and still
farther south are the two buttes of the Tres Hermanos group (secs.
28 and 33, T. 18 S., R. 8 E.). In all of these buttes were found
Manzano fossils, which correlate their beds with the limestones at
Cloudcroft and the Indian agency, at altitudes several thousand feet
higher. Pennsylvanian fossils were also found in the dark lime-
stones of the Jarilla Range.

Oscure section—Pennsylvanian fossils were collected in three prin-
cipal localities on the west side of the basin and were identified by
G. H. Girty, of the United States Geological Survey, who also
examined the Carboniferous fossils collected in other parts of the
region. The first of the three localities is at a coal prospect in the
Little Burro Mountains, one-half mile north of Thomas McDonald’s
ranch (about sec. 8, T. 9 S., R. 5 E.); the second is in the eastern
foothills of the Oscuro Mountains, about three-fourths mile west of
Estey and near the pipe line; the third is in a large canyon at the
east edge of the Chupadera Plateau, about 4 miles north of the Cerros
Prietos (about W. 4 sec. 12, T. 5 S., R. 8 E.).

The Little Burro Mountains consist of a series of low ridges
composed of beds that dip about 20° E. At the base of the series
resting on the granite is a dark brown conglomerate only 5 to 10 feet
thick, containing well-rounded quartzose pebbles. Above this is a
succession of strata consisting of gray limestones and minor amounts
of coarse gray sandstones and gray calcareous shales, estimated to
have a total thickness of over 2,000 feet. Next in upward succession
and forming the easternmost hills of the Little Burro group, are com-
pact dull-red sandstones and red shales, with a total thickness of
probably not less than 1,000 feet. The fossils were collected in the
midst of the gray group of beds and are of Magdalena age. Closely
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asseciated with the fossiliferous beds is a seam of impure eoal, some- -
what more than a foot thiek, on which considerable development work
wag at one time done.

The Oscuro Mountains, which lie east of the Little Burro Range
and parallel with it, have the same structure and repeat the same.
sedimentary series. The stratified beds rest on the granite and dip
eastward. The lower gray beds are exposed immediately above the
granite and form the upper part of the west-facing escarpment.
The beds that lie stratigraphieally higher and have a prevailingly
red color outcrop in the eastern foothills of the range. The forma-
tions in the vicinity of Estey dip in general about 20° E. and consist
of red and blue sandstone, red sandy shale, blue and drab shale,
and gray limestone. The horizon from which the fossils were col-
lected is a bed of massive, hard, gray limestone about 8 feet thick,
outcropping between beds of dark red sandy shale and forming a
conspicuous ledge along the hillsides. The fossils belong either to
the Magdalena or the lower part of the Manzano group. The beds
in which they occur are no*doubt stratigraphically above the gray
. beds in which fossils were collected in the Little Burro Range and
the lower part of the Sacramento Mountains.

Gray limestone with much interbedded gypsum predominate (1)
in the hills west of the lava beds, (2) in the eastern part of the Chu-
padera Plateau from the Cerros Prietos at least as far north as
Gran Quivira, and (3) in the northern and western parts of the
plain lying between the lava beds and Gran Quivira. The liméstones
of the greater part of this region are nonfossiliferous, or nearly so,
but in certain localities they yield fossils in great abundance. The
fossils collected at the east edge of the plateau are Manzano types,
and this is probably the age of the rocks of this entire region, in-
cluding the Mesa Jumanes to the escarpment overlooking Estancia
Valley, on the top of which G. B. Richardson, of the United States
Geological Survey, found Pennsylvanian fossils.! The limestones,
gypsum beds, and associated sandstones? of this large region appar-
ently belong to the middle or upper part of the Manzano group and
rest on the red beds exposed on the east sides of the Oscuro, Little
Burro, and Manzano ranges. Toward the southeast they pass be-
neath Cretaceous or older Mesozoic sediments and volcanie rocks,
but are stratigraphically continuous in a general way with the beds
of the Sacramento Mountains. According to Keyes they pass be-
neath Cretaceous beds in the western part of the Chupadera Plateau.
Sandstones that may be post-Pennsylvanian are found between the
lava beds and Ancho, but limestone and gypsum outcrop ‘at Ancho.

iLee, W, T., and Girty, G. H., The Manzano group of the Rio Grande valley, N, Mex.:
U. 8. Geol. Survey Bull. 389, p. 21, 1909,
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San Andreas section.—Practically the entire Pennsylvanian series
is again exposed in the San Andreas Mountains, but it here dips
west instead of east. The oldest formations, consisting of gray
limestone and clastic beds, outcrop above the granite in the upper
part of the east-facing escarpment; red beds come to the surface
mainly west of the crest; and above them lie beds of limestone,
gypsum, sandstone, and shale. At the top of the-series are about 500
feet of massive limestone, classified by W. T. Lee?! as the uppermost
Carboniferous formation known in this part of New Mexico.

CRETACEOUS SEDIMENTARY ROCKS.

Cretaceous and perhaps older Mesozoic deposits lie at or near the
surface over a large part of the area east of the lava beds, between
Coyote station and Three Rivers (Pl. XVII). They are exposed in
numerous localities in the valley of Three Rivers, in the Godfrey
Hills, in the region south, west, and north of Oscuro, in Milagro Hill,
on the upland east of Milagro Hill, in Willow Hill, in numerous
small ridges between Milagro Hill and Carrizozo, in the escarp-
ments between Carrizozo and the younger lava bed, in the region
between Carrizozo and Coyote station, and in the region about White-
oaks. The most northerly point at which Cretaceous fossils were
observed is where the railroad crosses the draw just south of Coyote.
Buff and red sandstones outcrop at many places in the region be-
tween Coyote and Ancho and between Coyote and the lava beds, but
no fossils were found in these sandstones and their age remains a
matter of conjecture. The strike of the beds is in general parallel -
to the trend of the escarpments shown in Plate VI. In the vicinity
of Oscuro the dip is nearly east, but northward it becomes increas-
ingly southeast, until in the vicinity of Red Lake it is nearly due
south, and north of Coyote it is west of south.

The Cretaceous deposits consist of alternating beds of sandstone,
shale, and limestone. The sandstones are soft and commonly of a
" buff color where exposed. The shales, which are generally soft and
of dark hues, are not so conspicuous in outcrops as the sandstones,
but they form a large part of the total thickness in well sections.
No red sandstones or shales containing Cretaceous fossils were found,
but dark purplish red and variegated beds occur along the north-
west margin of the Cretaceous area which belong either to the lower
part of the Cretaceous or between the Cretaceous and Pennsylvanian.
Strata of hard gray limestone containing abundant Cretaceous fos-
sils outcrop in a few localities, but do not form a large part of the
total Cretaceous section. Coal has been found in outcrops in the
vicinity of Whiteoaks, in Willow Hill, and in Milagro Hill, and

1 Op. cit.,, p. 29,
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was encountered in drill holes at Carrizozo and in the valley of
Three Rivers.

The following generalized stratigraphic section in this region is
reported by Carroll H. Wegemann, of the United States Geological
Survey, who worked in that field in 1912:

Stratigraphic section, Sierre Blanca coal field, New Mewmico.

Feet.
1. Coal-bearing formation; shale, sandstone, and thin beds of
limestone containing two to eight beds of bituminous coal
that differ greatly in thickness; a few leaf impressions;
fresh water __ - 530
2. Shale, sandstone, and limestone; the upper third of this
division consists of shale interbedded with impure lime-
stone, weathering buff and containing numerous fossils;
below are interbedded sandstone and shale; and at the
base lies a heavy stratum of sandstone, which usually
forms an escarpment._ 440
3. Shale, dark gray and bluish, having near its base two or
more thin beds of bentonite and a bed of blue limestone;
fossils collected near the base identified as Benton; esti-
mated thickness____ 500
4, Dakota (?) sandstone; buff, coarse sandstone, mterstratlﬁed
at its top with thin beds of shale resembling that of the
Benton ; confains plant impressions but nothing sufficiently
well preserved for identification; possible representative
of the Dakota sandstone (Upper Cretaceous) and Coman-
che series (Lower Cretaceous)_._._ 175 ¢
5. Morrison.(?) formation; shale, variegated pink and green,
containing thin beds of limestone, conglomerate, and beds
of white sandstone ; possible representative of the Morrison
formation ; estimated thickness - 590
6. Limestone (Carboniferous), gray; estimated thickness_____ 700
7. Red beds (Carboniferous).

Fossils were collected in the following five localities in Tularosa
Basin: (1) Along a draw south of Oscuro, on the west side of the
railroad, in NW. } sec. 24, T. 10 S., R. 8 E.; (2) along the railroad
north of Oscuro and west of Milagro Hill, in center of sec. 19, T. 9
S., R. 9 E.; (8) along the railroad between Carrizozo and Coyote,
in NW. % sec. 7, T. 7 S., R. 11 E.; (4) in Coyote Hill, in NW. % sec.
18, T.8 S.,R. 10 E.; and (5) on the east side of Willow Hill. These
fossils were examined by T. W. Stanton, of the United States Geo-
logical Survey, who reported that they apparently belong to the
Montana group of the Upper Cretaceous series and represent ap-
proximately the horizon of No. 2 in Mr. Wegemann’s section. The
first four localities apparently represent a belt of outcropping strata

1 Wegemann, C. H., Geology and coal resources of the Sierra Blanca coal field, New
Mexico: U. 8. Geol, Survey Bull. 541, p. 426, 1914, -
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of Montana age that extends along the trend of the escarpments
from near Coyote to a point south of Oscuro. East of this belt
younger coal-bearing Cretaceous beds, correlated with No. 1 in the
above section, come to the surface. Underlying the benches west of
the fossiliferous belt is probably the shale designated No. 8 in the
above section, and still farther west, in the escarpments near the
younger lava bed, is probably the sandstone designated No. 4, Da-
kota (%), in the above section. The red and variegated beds that
outcrop -in the belt that lies between Coyote and Red Lake and
extends southwestward to the younger lava are probably to be cor-
related with No. 5, Morrison (%), in the above section. The section is
probably in part repeated by faulting in Willow Hill, the Godfrey
Hills, and some of the northern escarpments. In Nogal Arroyo near
Walnut there are outcrops of red shale and sandstone that are no
doubt older than the Upper Cretaceous series (Nos. 1 to 4 of the
above section).

The section of the 965-foot well at Oscuro, except for a few feet
at the top, appears to consist of Cretaceous or other strata younger
than the Pennsylvanian. (See fig. 33.) The deep wells at Carri-
zozo appear to pass through about 1,000 feet of Cretaceous or other
strata younger than the Pennsylvanian, but the gypsum and lime-
stone near the bottom of the 1,125-foot well probably belong to the
Carboniferous system. (See fig. 32.)

TERTIARY INTRUSIVE ROCKS AND IGNEOUS ROCKS OF
UNCERTAIN AGE.

Intrusive rocks that differ widely in texture and mineralogic
composition are found in numerous localities throughout Tularosa
Basin. . They include rhyolites, syenites, quartz diorites, and augite
kersantites, according to E. S. Larsen, of the United States Geologi-
cal Survey, who examined the specimens collected. =~ They form
. dikes and sills in both the Carboniferous and Cretaceous sedimen-
tary beds but are most abundant in the latter. The great masses
of igneous rock that form the cores of several ranges from the
Sierra Blanca to the Jicarilla Mountains, inclusive, were not care-
fully examined but are probably batholithic bodies formed from
molten magmas erupted after the Cretaceous sediments had béen
deposited.

Intrusive rocks predominate in the Godfrey Hills, the Pahsades,
the valley of Three Rivers, and the region between the Godfrey
Hills and the Sierra Blanca. They have here been injected into
the Cretaceous strata in such quantities that the latter outcrop
in comparatively fragmentary and isolated masses. In other parts
of the Cretaceous area the igneous rocks form a smaller proportion
of the outcrops and have disturbed the sedimentary beds less vio-
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lently. Their most characteristic position is at the top of the
Cretaceous escarpments, which they protect from erosion. Thus
igneous rocks are found on the crest of the Phillips Hills, Milagro
Hill, Jakes Hill, Polly Hills, Willow Hill, the escarpment north of
the Bar W ranch (in T. 7 S., R. 10 E.), and the escarpment next
north (in the southern part of T. 6 S., R. 10 E.). The igneous
masses in these positions appear to be sills—their magmas having
been intruded between Cretaceous beds and the beds above having
been more recently removed by erosion. The rock that caps Mila-
gro Hill is a dark gray augite kersantite with huge augite crystals,
and the same bed is probably represented in Jakes Hill, Willow
Hill, and several other escarpments. In many places in the Cre-
taceous area dikes of igneous rocks cut the sedimentary beds, and
some of these dikes, more resistant to weathering than the sedi-
mentary beds, form conspicuous ridges. The buttes northeast of
Carrizozo (in the south-central part of T. 7 S., R. 11 E.), consist of
soda rhyolite that is different from most of the igneous masses
associated with the Cretaceous of this region. Their relation to the
Cretaceous beds is concealed by the mantle of detritus that sur-
rounds them.

Intrusive bodies are > also found in the Carboniferous rocks, al-
though less commonly than in the Cretaceous. Dikes and sills were
seen in the Carboniferous rocks at numerous points in the Sacra-
mento Mountains, in the vicinity of Ancho, in the vicinity of Gran
Quivira, and at several widely separated localities in the Chupadera
Plateau. The rock examined east of Ancho is quartz diorite; that
in the canyon.5 miles north of the Cerros Prietos is syenite. Igneous
rock, reported by C. H. Herrick as intrusive in the Carboniferous,
occurs at the base of the Sacramento escarpment in the vicinity of
Dog Canyon. The lone butte 5 miles southwest of Dog Canyon sta-
tion (8. } sec. 31, T. 18 S., R. 8 E.) consists of granite (perhaps pre-
Cambrian) and intruded masses of augite kersantite. Intrusive
masses of igneous rock occur in the Jarilla Mountains associated with
Carboniferous limestone. The Organ Mountains consist chiefly of
granitic rock which, as shown by Lindgren,' are at least in great
part a post-Carboniferous batholithic intrusion. ’

The intrusive rocks associated with the Cretaceous formations are
younger than these formations, but they are apparently older than
the faulting movements that produced the escarpments, and they
have certainly existed during a long period of erosion. They, are
believed to be of Tertiary age, and may represent more than one
epoch of volcanic activity within the Tertiary. The dikes and sills
in the Carboniferous rocks may in part be older than those in the

1 Lindgren, Waldemar, The ore deposits of New Mexico: U. 8. Geol. Survey Prof.
Paper 68, p. 208, 1910.
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Cretaceous, but they probably have the same age. Keyes reports cer-
tain dikes in the Chupadera Plateau that cut the Carboniferous beds

Altitude Altitude but do not extend into over-
Feet ahove Fect apove lying Cretaceous, and are re-

S b aten garded by him as pre-Creta-

4300 Adobe ceous.

| Red clay

Gravel (water)

tratied rod ly, TERTIARY (?) SEDIMENTARY

- and claystone” - Adobe ROCKS.
iﬂfm‘iﬂa"e‘ cawaten  Beddish clastic deposits,
some of them conglomeratic,
= Db S Adobe occur at the surface over con-
: siderable areas in the moun-
E== Red clay tains on the east side of the
1 Stk red lay basin, especially in the region
4,000 between Three Rivers and La
Luz Creek. These deposits
apparently rest unconform-
Bod dhy ably on Carboniferous rocks

and may be of Tertiary age.
They do not come within the
== area covered by the map,
B e e oy Plate XVII, and because their
E age is unknown they are not
represented in the columnar
section on page 54.

VALLEY FILL (QUATERNARY
AND TERTIARY (?P)).

DISTRIBUTION, THICKNESS, AND
“Clayey material® . . AGE.

The indurated formations
thus far described may be re-
garded as constituting a basin
that has become partly filled
with the rock waste brought
by the streams from the moun-
tains. Over nearly the entire
: desert area between the Sacra-
Fieurr 11.—Sections of deep test well near mMmento and San Andreas moun-

Alamogordo (NW. 2 NE. % sec. 26, T. 16 S,, tains and extending south to
R. 9 E.) and of well at ice plant in Alamo- . .
“’gordo. the Rio Grande, this waste,
derived from the older formations and commonly known as the

“valley fill,” reaches to depths of several hundred feet, and probably
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in most places to depths of more than 1,000
feet. Northeast of the Phillips Hills and

“north of the upper crossing of the malpais,

*

however, the older rock formations are gen-
erally near the surface and the unconsoli-
dated sediments are only locally as much
as 100 feet deep. The valley fill can be seen
to depths of 20 to 50 feet in the banks of
arroyos and alkali flats, and occasionally to
somewhat greater depths in open wells, but
the larger part of these deposits are con-
cealed from view and their character is
unknown except as it is revealed by the
drillings from deep wells.

In 1905 a test well sunk by the railroad
company about 1} miles west of Alamogordo
and 5 miles from the base of the Sacra-
mento Mountains (NW. £ NE. } sec. 26, T.
16 S., R. 9 E.) was carried to a depth of a
little over 1,000 feet without reaching the
bottom of the unconsolidated fill (fig. 11).
In 1910 two test wells were drilled about
one-half mile north of Dog Canyon station

(NE. % sec. 14, T. 18 S., R. 9 E.) and not .

more than 5 miles from the base of the
Sacramento Mountains. The first well
reached a depth of 1,235 feet and the second
about 1,800 feet, apparently without reaching
the bottom of the unconsolidated valley fill.

(See fig. 12.) At the El Paso city water-

works, a short distance northeast of Fort
Bliss, a well was drilled to a depth of 2,285
feet, passing through nothing except valley
fill, at least to a depth of 1,560 feet. (See
fig. 13, p. 66.)

The valley fill was laid down after the
basin was formed and is much younger than
any of the sedimentary rocks found in
the mountains. The upper part is un-
doubtedly of Quaternary age. The lower
part is ‘concealed and its age is not known,
but the filling of the basin must have required
a long time, and it is probable that the low-
est sediments were deposited in the Tertiary
period.
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