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ABSTRACT 

Hunts Hole, a maar, formed by volcanic gas 

eruptions in middle or late Pleistocene time, is a 

mila-»wide circular depression on La r̂ âsa surface of 

southern New itlexico with a raised rim composed of 

eruptive breccia, arenaceous tuffs, and accretionary 

lapilli tuffs. 8omb sag and directional features of 

cross-bedded rim material indicate that the tuffs were 

derived from a centrally located source. Comparison 

of these features at Hunts Hole with other nearby 

maare makes it possible to outline the geologic history 

of the local maar eruptions. An initial pile of coarse 

ejecta was covered by a low flattish cone of stratified 

volcanic sands which were periodically ejected from a 

central vent. Rains and/or condensation of volcanic 

steam penecontemporaneous with volcanism produced 

primary and secondary features. 

Numerous depressions occur on La iviesa, but the 

three largest are maare. Most other depressions are 

simple deflation basins; however, collapsed lava tubes 

and fault aligned blowouts are common. 

ill 
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INTRODUCTION 

Location 

The Afton Craters, also known as Hunts and 

Kilbourne Holes, are craterform depressions on tha 

west-central portion of La Wesa surface. Dona Ana 

County, southern New Wexico. They are approximately 

25 ffiiles southwest of Las Cruces, New fviexieo, and 30 

miles northwest of El Paso, Texas (Fig. 1). 

La l̂ esa, a comparatively flat plain west of the 

Rio Grande between Las Cruces and El Paso, is part of 

the {Mexican Highlands in the Basin and Range province 

as described by Fenneman (1931, p. 379-393). It is 

also part of the î esa Central between the Sierra Pladre 

Occidental and Oriental of northern lYlsxieo. 

Present Investigation 

The origin of the Afton Craters has been a 

matter of debate for over half a century. It is hoped 

that this detailed study of Hunts Hole plus the previous 

investigations of Kilbourne Hole will establish the 

origin of the craters, as well as provide an insight 

into the formation of many similar craterform depressions 

that occur throughout the world. 
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Figure 1 . Index Map of southwest New fflexico. 



The priiTiary objective of this thesis is to 

determine the geologic history of Hunts Hole. Field data 

was accumulated during 4 "jeeks of field uork in the 

summer of 1963. Several 2 to 4 day trips were also 

made to the area for review of special problems. Field 

work was supported by x-ray and microscopy techniques 

where deemed necessary. Regional napping was done on 

United States Geological Survoy topographic sheets. The 

base map for the geological mapping of Hunts Hole was 

compiled from the topographic sheet of the Noria quad

rangle and aerial photographs. 

Previous Investigations 

Lee (1907b) published the first geologic report 

of the Kilbourne and Stahling (Hunts) **Craters,'* which 

he described as phreatic explosion pits. Darton (1916) 

described Kilbourne Hole in an article on explosion 

pits of the southuiest and made further observations in 

his 1933 guidebook to the western United States. 

The names Kilbourne Hole and Hunts Hole first 

appear on the Noria quadrangle of 1917, but Dunham 

(1935) retained the name Stahling when he included the 

craters on his geologic map of Dona Ana County. Durham 

(1935) also Included a brief description or the craters 

in the description of tha geology of the county. 



Raiche (1940), the first to map the geology of 

Kilbourne Hole, challenged the explosion hypothesis of 

Lee (1907b) and proposed collapse as the major mechanism 

of development. Shoemaker (1957) investigated the rim 

structure of maarlike craters in southern [YIexico and 

New Mexico and supported an explosive origin for Kil

bourne Hole. 

Lee (1907a), Sayre and Livingstone (1945), 

Kottlowski (1953 and 1960), Conovar (1954), and Rhus 

(1962) have contributed to the knowledge of the regional 

geology. 



PHYSIOGRAPHY 

Topography 

La nlesa is a comparatively flat bolson plain 

300-400 feet above the floor of the Rio Grande Valley. 

The eastern boundary of La Hesa is the Organ-Franklin 

mountain chain; tha western boundary is the East Potrillo, 

Uiast Potrillo, and Aden mountains. La Mesa extends from 

the Sierra da las Uvas and Robledo {fountains into the 

Pledanos region of northern Mexico (Fig. 1). 

La iviesa was considered by Lee (1907a) to be an 

extension of the Jornada Del Wuerto surface to the north. 

The continuity of the two surfaces is interrupted by the 

entrenchment of the Rio Grande which separates the 

Jornada Del Puerto and La f-lesa surfaces in the vicinity 

of Las Cruces. Cinder and lava cones are the dominant 

features on La iViesa. Slack (fountain, 300 feet in height, 

at the southern end of the Slack Wountain-Santo Tomas 

chain (Fig. 2), is the largest cone in the area. The 

Aden Crater cone, the cluster of cones south of Afton 

and several local spatter cones are prominent landmarks 

of the central and western portions of La Plesa (Fig. 2). 

Lava flows associated with some of the cones are 

characterized by typical malpais terrane. 
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Figure-2. Index map of La Wesa showing faults (solid 
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juestionable, basalt flows (Qb) and volcanic cones 
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Scattered sand dunes and small irregular 

depressions are the most numerous features of La Wesa 

surface. For the most part, dunes are stabilized by 

shrub growth, although the southern portion of the area 

is characterized by drifting dunes. Tha largest dunes 

are aligned along the eastern sides of elliptical 

depressions. 

Various shallow depressions are scattered over La 

f̂ iesa. r̂ ost of the depressions are highly irregular in 

outline, a few hundred feat in diameter, 10-20 feet deep, 

and mantled by blowsand. A few are elongate, several 

miles in length, and as much as 50 feet deep. Deflation 

basins on La iviesa are generally elliptical in outline, 

10-30 feet deep and bordered by sand ridges. In the 

malpais terrane north of Hunts Hole, collapsed lava tubes 

10-20 feet deep are commonly associated with inward 

tilting basalt blocks and grooved lava. Î any elongate 

depressions appear to be associated with faulting. For 

example, depressions are aligned along the Robledo, 

Fitzgerald, and Black Mountain faults (Fig. 2). Sayre 

and Livingstone (1945, p. 14) indicated that several of 

the shallow basins of the Hueco bolson are structural in 

origin and suggested a similar origin for the depres

sions on La {̂ esa. 
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Hunts and Kilbourne Holes are unlike the common 

shallow depressions which dot La Wesa. Kilbourne Hole, 

the larger of the two, is an elliptical depression 1^ 

miles long and 1 mile wide (Fig. 3). The flat floor is 

280 feet below La Mesa surface, and a raised rim stands 

10-170 feet above tha plain. The rim is best developed 

along the northern and eastern edges. The interior 

slopes are generally steep, approaching vertical. 

Hunts Hole is roughly circular in outline, with 

a diameter of 1 mile (Fig. 4). The floor is 150 feet 

below the level of the plain, and a raised rim stands 

0-100 feet above the plain. The rim of Hunts Hole is 

best developed along the northern and eastern edges of 

the Hole. 

Phillips Hole is not considered one of the Afton 

Craters but is a depression of considerable size. It 

is elliptical in outline, 2 miles long, 1 mila wide and 

70 feet deep. Neither raised rim nor outcrops are 

present, and the interior slopes are gentle. 

A depression south of the East Potrillo fountains 

contains features similar to the Afton Craters (Reeves 

and De Hon, 1965). This depression is circular, 2 miles 

in diameter, with a raised rim, moderate inner slopes 

and a cluster of cinder cones near the center. 



Figure 3. Aerial view of Kilbourne Hole, view to tha 
northeast. (Photo by Robert Mymeyer Studios, Carlsbad, 
New i^exico) 

J 
Figure 4. Vertical aerial view of Hunts Hole. North 

end of the East Potrillo fOountains are in bottom 
left corner of photograph. 
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Climate 

La IY)esa has an arid climate characterized by 

warm summers and mild winters. Nearby weather stations 

report a yearly average in rainfall of about 8 inches. 

Precipitation occurs dominantly as thundershowers, with 

over 50^ falling in the late summer months. Some 

precipitation is received as snow in the winter. Evapo

ration from a class A pan is about 90 inches a year, or 

more than 10 times the average rainfall. 

Prevailing winds are from the south and west, 

averaging 10 miles per hour for the year. (Moderate to 

strong winds, as high as 60 miles per hour, are not 

uncommon during late winter and early spring. Sparse 

vegetation and loose soil allow for much blowing dust 

during these months. 

Vegetation 

Vegetation, typical of the Lower Sonoran flora 

zone, is scattered and sparse. Î iesquite, yucca, cholla, 

ocotillo, sotol, creosote bush and coarse native grasses 

form the major part of the plant community, iviost grasses 

are limited to small concentrations in topographic lows, 

but some scattered bunch grass grows on the loose, sandy 

soil of the surface. Fnesquite grows in thick clumps on 
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recently deposited sands and helps to build stabilized 

sand dunes. 

Drainage 

The only flowing stream in the investigated 

area is the Rio Grande which cuts across the north-

eastarn margin of La P̂ esa and flows along the eastern 

boundary between La î lesa escarpment and the Franklin 

P^ountains (Fig. 1). Only a few intermittent drainage 

courses have formed on La fnesa, most in the form of 

small arroyos extending from tha mountain fronts or 

along La iviesa edge. Î ost of the rainfall sinks 

readily into the porous surface, but with heavy rains 

sheet runoff collects in playas or other topographic 

lows. 

Outcrops 

Outcrops on La !̂ esa surface are limited as a 

mantle of blowsand generally obscures most outcrops} 

however, a section is exposed along La f̂ esa scarp. 

Locally, some exposures occur along eroded fault scarps 

The inner slopes of Hunts and Kilbourne Holes 

sporadically expose a good section of the raised rim 

and underlying sediments, but talus from an exposed 
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buried lava flow masks much of the section. The outer 

slopes of the rims are completely mantled by blowsand. 



GEOLOGY OF HUNTS HOLE 

Regional Setting 

A complata underatanding of the factors in

fluencing the development of Hunts Hole necessarily 

requires an understanding of the regional geology. 

The subsurface stratigraphy of La iviesa may be derived 

from exposed outcrops on the surrounding uplifts, oil 

tests, water nails within the bolson deposits and 

exposed Cenozoic sediments along the Rio Grande Valley. 

Pre-Cenozoic Rocks 

Precambrian and Paleozoic rocks are exposed in 

tha Franklin fountains east of La Tesa (Fig. 1). 

Harbour (1960) described more than 5000 feet of 

Precambrian sedimentary and volcanic rocks in the 

northern part of the range, and Nelson (1940) reported 

Precambrian Red ;Juff granite at the southern end of 

the mountains. The 6000 foot Paleozoic section, 

composed principally of limestone with some sandstones 

and shales, makes up the bulk of the range. 

Parmian Hueco Limestone is exposed in the East 

Potrillo Mountains wast of La f̂iesa (Bowers, 1960) and 

in the Robledo Mountains north of La Wesa (Fig. 1). 

13 
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A well on the flank of the Robledo Mountains penetrated 

4000 feet of Paleozoic rock. 

Triassic and Jurassic sediments are not present 

in the vicinity, but the Cretaceous is well represented. 

Approximately 1200 feet of Lower and Upper Cretaceous 

limestones, marls, shales and sandstones are exposed 

around Cerro del fiuleros near El Paso (Bose, 1910). 

The bulk of the East Potrillo Mountains consists of 

approximately 1600 feet of massive, hard, Lower 

Cretaceous limestone (Bowers, 1960). As wells north 

of La Mesa encounter nonmarine Cretaceous sediments and 

pyroclastics, the northern limit of marine Cretaceous 

in this region is south of Las Cruces. 

Cenozoic Sediments 

A thick section of Cenozoic valley fill, 

deposited in the Rio Grande structural depression, 

unconformably overlies Pennsylvanian, Permian, and 

Cretaceous limestones. Fanglomerates, fluvial, eolian 

and lacustrine sediments of the fill are intarbeddad 

with Miocene and Pleistocene volcanics. Kottlowski 

(1953, p. 144) divided the Cenozoic sediments of the 

southern Rio Grande Valley into 5 unitsi I) conglom

erate, red sandstone, red clay and gypsum; II) arkose, 

pumiceous and tuffaceous sandstones interbedded with 
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rhyolite and welded tuff; III) lower conglomerate and 

pebble sandstones of the Santa Fe Group; IV) upper 

varicolored unit of the Santa Fe Group which contains 

Pliocene fauna; and V) uppermost bolson and valley fill 

sediments which contain Pleistocene vertebrates. 

Boles #1 Federal (Sec. 7-24S-1E) drilled 5000 feet 

of sands, clays, gravels and rhyolite. Thirteen hundred 

feet of pink lavender rhyolite in tha lower part of the 

hole may be equivalent to the Miocene Soledad Rhyolite 

described by Durham (1935, p. 56-60) from the nearby 

Organ Mountains east of the test and/or Unit II of 

Kottlowski's division (1953). A thick sequence of shale 

and rhyolitic gravel above the rhyolite corresponds to 

Unit III of Miocene-Pliocene age. Mixed sands, clays 

and silts of the upper 1000 feet are roughly comparable 

with Units IV and V of Pliocene and Pleistocene age. 

The uppermost sediments of La Mesa are known from 

water well logs and outcrops along the Rio Grande Valley. 

Sayre and Livingstone (1945, p.28) and Conover (1954, 

p.22) reported difficulty in correlating closely spaced 

wells in valley fill near El Paso and Las Cruces. This 

would indicate considerable lensing. The section 

exposed along the Rio Grande consists of well-bedded, 

poorly-consolidated, light grey to buff sands and 

alternating reddish clays and silts grading upward into 
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a gravelly sand of mixed composition. A hard caliche 

caps the section and is overlain by widespread blowsand 

and local playa deposits. Sections of La Mesa escarp* 

ment were described by Sayre and Livingstone (1960, 

p. 33) near El Paso and Rhue (i960, p. 159) near Las 

Cruces. The section near La Union (Fig. 5) is 

characteristic of sediments of the mid-La Mesa region. 

Bryan (1938, p. 205*208) assigned a Pliocene age 

to the section near La Union and proposed criteria 

based on structure and cementation for distinguishing 

the Pliocena*PleistocBne boundary. Kottlowski (1953, 

p. 145 & 146) and Sayre and Livingstone (1945, p. 39) 

accepted Bryan's criteria, stating that only a thin 

mantle of Pleistocene occurs near El Paso. Strain (1959, 

p. 377) assigned a Kansan-Illinoian age to rounded 

gravels occurring beneath the caliche cap on the basis 

of more recently recovered faunal remains, and Rhue 

(1962, p. 161) shows Bryan's (1938) criteria to be 

invalid. Therefore, on the basis of Strain's (1959) and 

Rhue's (1962) work, the entire section along the Rio 

Grande Valley from El Paso to Las Cruces is probably 

early to middle Pleistocene in age. 

The total thickness of the valley fill in La lesa 

region cannot be accurately determined. A water well at 

Strauss (Fig. 2) drilled 1330 feet of valley fill, and 
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DESCRIPTION 

Caliche, white, laminated near top. 

Silt, clayey, reddish-brown, mas'.ivR, 
contains caliche nodules. 

Gravel, qranite, rhyolite and milky 
quartz clast, rounded, medium to 
coarse quartz sand matrix, bedded, 
with £quus teeth and bones. 

Sand, grey to white, fine-grained, 
massive, indurated. 

Sand, gravelly, cross-bedded, calcified. 

Sand, white, fine, massive, soft. 

Silt, sandy, reddish, massive. 

Silt, sandy, white, soft. 

Sand, grey, fine to medium grained, 
quartz, soft. 

Silt, sandy, white, soft. 

Sand, grey, medium grained, soft. 
Sand, grey, coarse grained, indurated 

Sand, grey, medium grained, poorly 
bedded. 

Figure 5. La fflesa section near La Union. 
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Boles #1 Federal (Sec. 7-24S-1E) drilled 5050 feet of 

unconsolidated sediments and igneous extrusives. Oil 

tests near the Robledo Mountains leave the valley fill 

about 2500 feet balow the surface. 

Igneous Rocks 

Several periods of igneous activity are repre

sented in La Plesa area. Oil tests penetrated many 

hundreds of feat of Tertiary intrusives, and two widely 

separated periods of extrusive activity are evidenced 

by the rhyolitic encountered in Boles #1 Federal (See. 

7«24S*»1E) and by the lava flows developed on the surface 

of La Mesa. 

The intrusive rocks of La l̂ esa are felsic dikes 

and sills. The Pure #1 Federal (Sec. 24-2BS-2W) in 

the East Potrillos penetrated over 500 feet of fine 

grained, grey quartz diorite with brownish-green mafic 

minerals at 6823 feet. Bowers (i960) reported andesite 

dikes cutting through Cretaceous limestones in the same 

area. The Sinclair #1 Federal (Sec. 27-22S-liAl) encoun

tered over 1400 fact of rhyolitic intrusives in 

sediments from Pennsylvanian to Ordivician in age. 

Those intrusives are probably related to the early 

Tertiary Organ f̂ rountain stock emplacement which pre-dates 
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initiation of the Santa Fe erosion cycle (Durham, 1935, 

p. 68-174). 

riiocene eruptives are represented by acid and 

intermediate flows and pyroclastics exposed in the 

Robledo Wountains as well as extrusives encountered in 

oil tests. Sinclair i'l Federal (See. 27-22S-lliiJ) drilled 

Tertiary pyroclastics with quartz and plagioclass 

phenocryst. Picacho #1 Armstrong (Sec. 15-23S-1W) 

drilled •'red rock,*̂  reported ss tertiary extrusive by 

Kottloujski (1960), at 165 feet. The thick rhyolite 

section encountered in the Boles #1 Federal (Sec. 7-24S-

lE) is included here as probable Wiocens. 

Thin basaltic flows and cinder cones on La Wesa 

surface overlie the caliche cap and are, therefore, of 

mid-lato Pleistocene age. Kottlowski (1953, p. 145 and 

1960) divided the eruptives of La Wesa into three stages 

l) buried olivine basalts as exposed at Hunts and 

Kilbourne Holes, 2) weathered basalts as those 

associated with Black Mountain and 3) fresh appearing 

basalts of the Aden Crater flow. 

Cinder cone development is responsible for Black 

Hountain, the largest cone on La Mesa (Fig. 2). Several 

smaller cones are developed on its northern flank and a 

lava flow spreads 1*2 miles from the central cone on all 
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sides. Northward, Little Black Mountain and two other 

small cinder cones maintain the alignment of the chain. 

Small lava flows are associated with each, but cinder 

activity is predominant. The northern end of the chain 

ia the Santo Tomas cone and associated flow which caps 

Black Mesa. A prominent cluster of cones and lava flows 

occurs 3 miles north of Kilbourne Hole. 

In contrast to the cinder cones which dominate 

La Mesa, Aden Crater exhibits a low shield cone 

development. Layered lavas comprise the dome structure; 

cinders are not present. The fluid basalts of the Aden 

flow exhibit numerous lava tubas, hornitoes, pressure 

ridges and collapsed tunnels. The flow reaches 7 miles 

from the crater to the east and 9 miles to the south. 

A ground sloth (Nothrotharlum shastense), recovered and 

described by Lull (1929) from a fumarole on the south 

rim, is dated as 11,000 years B.P. (Simons and Alexan

der, 1964). Undigested plant remains in coprolites 

found with the sloth indicate that climate and 

vegetation have remained essentially unchanged (Lull, 

1929, p. 18). 

The buried basalt in Kilbourne and Hunts Holes 

has not yet been tied to any known vent in the araa. 

The basalt is not related to the Aden flow as suggested 

by Parkins (1949, p. 8), and surface mapping shows it 
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is not the surface flow associated with the cluster of 

cones north of Kilbourne. The Kilbourne basalt must 

have originated from a vent not now exposed or, more 

probably, represents an earlier eruption of the cone 

cluster to the north. 

Faulting 

La Mesa is structurally deformed by a series of 

high angle faults. The Robledo fault (Fig. 2) strikes 

from the Robledo Mountains to south of Aden Crater. In 

the north the fault is recognized by an eroded fault 

scarp, but to the south the scarp is low and barely 

recognizable. The downthrown block east of the fault 

is tilted to the northeast (Rhue, 1962, p. 153). The 

Fitzgerald fault, downthrown on the west and recognizable 

in the field by a series of elongated, shallow depres

sions, parallels the Robledo fault east of Aden Crater 

(fig. 2). 

A small northwestward-trending fault scarp 

occurs at the eastern base of the Potrillo Mountains 

where the bajada deposits are opposite the bolson 

sediments (Bowers, 1960). This fault, probably active 

intermittently from the post-Cretaceous uplift of the 

Potrillo block through late Pleistocene, represents a 

displacement of many thousands of feet. The scarp can 
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be traced southward from the East Potrillo Mountains 

into Mexico and northward under the Aden flow (Fig. 2). 

In the north the fault is marked by a scarp capped with 

caliche on the upthrown western side. 

Alignment of several features on La Mesa suggest 

structural control not otherwise reflected on the sur

face. Sayre and Livingstone (1945, p. 14) noted align

ment of depressions along faults in the Hueco bolson 

and suggested that the numerous elongate, shallow 

depressions on La Mesa may be of similar origin. One 

such depression east of Lanark is 7 miles long, trends 

north-northwest and is in line with tha Black Mountain-

Santo Tomas chain. A possible alignment of Hunts Hole, 

Kilbourne Hole and the cone cluster north of Kilbourne 

is also suggestive of structural control and is inter

preted here as reflecting an extension of the 

Fitzgerald fault southward under the lava fields, 

Kilbourne Hole and Hunts Hole (Fig. 2). Reeves and 

De Hon (1965) suggested further extension of the 

Fitzgerald fault to join tha Robledo fault at the 

southern tip of the East Potrillo Mountains. The 

southern extension of the fault from this Junction, 

ttihich is marked by the Potrillo Maar, is termsd the 

Potrillo Fault (Reeves and De Hon, 1965). 
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General Features 

Hunts Hole (Fig. 2 & 4), two miles south of 

Kilbourne Hole, is the smaller of the Afton Craters. 

It is roughly circular in outline with an average 

diameter of 5,500 feet and a maximum relief from rim 

crest to floor of 250 feet. A dirt road passes through 

the center and another skirts the western rim. Hunts 

Hole lacks tha grandiose appearance of Kilbourne Hole, 

but its smaller size and accessibility facilitate 

observations. 

The rim is best developed on the northern and 

eastern sides of the Hole where it rises to a maximum 

of 100 feet above La Mesa. The rim is missing on the 

northwest and south, but the remaining portions are 

rimmed by a small rise 20-60 feet high. Near tha crest 

the outer slope is quite steep, but farther away the 

slope diminishes to less than a few degrees and merges 

with the plain about i-mile from the crest. The outer 

slope is completely mantled by an accumulation of 

recent blowsand. 

The steep, nearly vertical, inner slope exposes 

stratified rim deposits, a buried lava flow and 

sediments underlying La flesa surface (Fig. 6). A 

prominent basalt-capped spur extends from the eastern 
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DESCRIPTION 

Sand, reddish, fine-grained , I cose. 

Tuff, arenaceous, grey to yellow-
brown, fjne-grained, crenulate. 

Tuff, arenaceous, grey to yellow-
brown, with black cinder seams, 
accretionary lapilli, bomb sag, 
cross-bedded. 

Breccia, eruptive, grey to yellow-
brown, tuffaceous matrix, 
basalt, limestone, sandstone 
blocks, scoriaceous and crys
talline cored bombs, bedded. 

Olivine basalt, two-tier jointing, 
pipe vesicules, ropy surface. 

Caliche, white, laminated near top. 

Sand, gravelly, rounded acidic clast. 

Silt, clayey, reddish-brown. 
Sandstone, yellow, bedded, friable. 

Silt, sandy, reddish-brown. 

Sandstone, grey, coarse, calcified. 
CaI Iche 
Silt, sandy, reddish-brown. 
Sand, grey, medium-grained, soft. 

Silt, sandy, reddish-brown. 
Sand, grey, fine-grained, plant cast. 

Silt, sandy, reddish-brown, massive. 

Figure 6. Composite section at Hunts Hole. 
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wall 700 feet toward the center (Fig. 7). At the base 

of the wall, small coalescing fans of detritus slops 

gently toward a central playa. 

A few hundred yards north of Hunts Hole a small 

lava cone, built of loosely adhering plates of spatter 

lava, rises 40-50 feet. At the top of the cone a small 

apical crater is filled with recent blowsand. A low 

circular wall of spatter lava on the northern flank 

marks another vent. Spindle and ribbon-shaped bombs 

are common on the surface a few hundred feet from the 

cone (Fig. 8). 

Pre-Basalt Sediments 

The sedimentary section underlying the basalt 

is flat-lying and undisturbed. The sedimenta are fine

grained, buff to reddish silts and sands similar to 

those exposed along La Mesa rim above the Rio Grande. A 

massive, light reddish-brown, poorly-consolidated silt 

comprises most of tha section, but thin stringers of 

more consolidated sands, gravels and caliche occur 

throughout the section. Lenses of coarse sands and 

pebbly sands are commonly cemented with caliche. Some 

eolian cross-bedding was noted in the finer sands. 

The sediments grade upward into a dense white 

caliche layer which ranges from 0 to 8 feet thick. The 
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Figure 7. East side of Hunts Hole, view to the north, 
Basalt-capped spur in the middle foreground, raised 
rim in the background. 

Figure 8. Spatter cone north of Hunts Hole, view to 
the northeast. Mote automobile for scale. 
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upper portion is laminated and contains small rotated 

caliche nodules. 

A thin, pebbly sandstone occurring under the 

caliche in Kilbourne Hole is identified as the mixed 

rounded gravels described by Rhue (1962, p. 159). The 

pebble and granule fraction, composed of rounded milky 

quartz, pink feldspar, rhyolite and andesite, is 

distinctive. This bad yields mid-Pleistocene fauna at 

its outcrop along tha Rio Grands (Strain, 1959). No 

fossils have been recovered from the gravel in the 

vicinity of the Holes, but it is probable that the 

Equus Jaw recovered from the floor of Kilbourne Hole 

(Lea, 1907, p. 215) was derived from this horizon. 

Gasalt 

The buried lava flow at Hunts Hole is a part of 

the same flow exposed at Kilbourne. It ranges from 0-10 

feat thick but never reaches the maximum thickness (15 

faet) found at Kilbourne Hole. Tha flow is charac

terized by large anhedral olivine phenocrysta, crude 

two tier Jointing and pipe vesicles. The upper surface 

is extremely weathered but exhibits traces of ropy 

pahoehoe folds. Locally, the upper blocks are tilted 

into pressure ridges. 
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The basalt layer in Hunts Hole is not continuous. 

Tha outcrop extends from the extreme north along the 

east wall to the far south, with a gap of 2400 feet 

on the east wall (Fig. 22, p. 49), The exposed basalt 

occurs as two lobes which flowed west from the main body 

of the flow into a shallow pre-Hunts depression. This 

depression was probably very similar to the many shallow 

blowouts and structurally aligned basins on the pressnt 

La Mesa surface (Fig* 21a^ p.48 ). The flow, located 

east of Hunts Hole (Fig. 2)i stretches from north of 

Kilbourne Hole to 2 miles south of Hunts Hole^ a 

distance of about 8 miles* The width pinches and swells 

from 500 feet to more than a mile several times along 

its length (Fig* 2). The course of the flow was 

probably controlled by a series of fault-aligned basins. 

Rim Deposit 

Sooner or later all investigations have turned to 

the rim deposita as a major source of information as to 

the origin and geologic history of the Holes. Lee 

(1907b, p. 212) reported that the rim was composed 

largely of unstratified sand and cinders, but Rieche 

(1940, p. 214), noting well-stratified material, 

inferred a fluvial valley aggradation. Shoemaker (1957) 

showed that the stratified rim material is similar 
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to the volcanic deposit? surrounding maare in southern 

Mexico. 

The rim deposits of Hunts Hole ^rs composed of 

four parts, all of which stand above thR general level 

of the plain. Thn Inwost, or Unit 1, is a volcanic 

breccia similar to that in the Kilbourne rim described 

by Reiche (1940, p. 214-215). A well-ptratifled tuff

aceous sand, Unit 2, comprises the major part of the 

rim. IJhere the rim is not eroded, the stratified 

section is overlain by Unit 3, ^ thin, fine-grained 

tuff SKhibitlng a crenulatrd texture. F5.nally, "nit 4, 

which forms a lê rge part of the actual height of the 

rim, consists of rocent blot;j?3nd. 

Unit It Eruptive Breccia 

In Hunts Hole, Unit 1 is represented by a thin 

eruptive volcanic breccia layer above the basalt along 

tha northern and eastern walls (Fig. 22, p. 49). In 

approximate order of decreasing abundance, the breccia 

consists of I 

1. angular massive basalt 
2. scoriaceous breadcrust bombs 
3. grey biotitic dacite 
4. grey massive crystalline limestone 
5. metamorphosed and ninerali:!9d limestone 
6. rounded white pumice 
7. brown and red, well sorted, hard sandstone 
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8. caliche 
9. scoriaceous basalt clots encrusting 

altered mudstons cores 

The main point of differentiation is the large concen

tration of erupted blocks and bombs. In both Hunts and 

Kilbourne Holes the breccia zone can be traced later

ally into bedded rim sands undistinguishable from 

overlying Unit 2 material. Blocks and bombs in the 

breccia at Hunts Hoi© range from a few inches to 18 

inches in diameter. The breccia is less than one foot 

thick along the northern rim, but thickens along the 

northeast and eastern wall to a maximum of 20 feet. 

Along the east wall the breccia grades laterally into 

a thick sequence of well-stratified tuffaceous sands. 

The lower portion of the tuff is generally coarser-

grained and weathers to more subdued slopes. 

The breccia outcropping at Kilbourne Hole is 

better developed and contains several rock types not 

found at Hunts Hole. Reiche (1940, p. 217 and 222) 

showed the breccia as having a varying thickness 

around Kilbourne Hole, although it was absent in the 

extreme south. Scoriaceous bombs and pumice, as 

found at Hunts Hole, are not present in the Kilbourne 

breccia. On the other hand, the olivine segregations 

(bombs) and limestone conglomerate blocks appearing at 

Kilbourne Hole were net found at Hunts Hole, 
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The conglomerate blocks, occuring as large 

rounded blocks of grey limestone cobble conglomerate, 

are from the basal Cretaceous Noria Formation 

described by Bowers (i960) 4 milas southwest of Hunts 

Hole (Fig. 9). These erupted blocks originated either 

from Cretaceous bads underlying La Mesa or, more prob

ably, from fanglomerates incorporated as valley fill 

under the area of the Holes during post Cretaceous 

uplifting of the Potrillo block. 

Cored bombs (Brady and Ulebb, 1943) from the 

Kilbourne breccia are well known to local rockhounds 

as a source of olivine. The olivine occurs as medium-

to coarse-grained segregations with thin basalt skins 

(fig. 10). The core is commonly irregular to angular 

exhibiting a xenomorphic-granular texture of olivine 

(fc5«7ĝ gg) with minor glassy enstatite. The outer 

basalt envelope is composed of a dark, slightly 

scoriaceous basalt which is roughly ellipsoidal in 

shape, though some show flattening on the underside. 

Some cores of glassy anstatite, plagioclase (angg), 

gneissic material and bombs, with the crystalline 

core exhibiting banding of olivine and enstatite rich 

layers, are found. 
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Figure 9. f<ioria limestone conglomerate block from the 
Kilbourne Hole breccia. Pick is 1 foot long. 

> 

Figure 10. Olivine bomb from the Kilbourne Hole Breccia, 
One-half inch grid paper for scale. 
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Unit 2i Stratified Rim Deposit 

The major part of the rim deposit is a strat

ified arenaceous tuff, 20-40 feet thick, that is 

continuous around the Hole (Fig. 22, p. ̂ ^ ). The 

material is strongly cross*laminated, grey to greyish 

buff in color and streaked with black cinder seams 

(Fig. 11 & 12). The sands, though extremely friable 

and poorly consolidated, stand well in vertical sections. 

The bedded rim deposit is composed of a poorly-

sorted, fine-grained quartz sand. Fifty to 70^ of the 

sand falls between the 0.5 to 0.0625 mm size classes, 

the grains being rounded to angular, with minor anhedral 

olivine and enstatite. Less than 20% of the sand grains 

have a diameter greater than 0.5 mm. This coarse 

fraction includes rock fragments and bombs similar to 

thosa in the breccia. Interstitial ash or glass compose 

the fragments less than 0.0625 mm in diameter. 

Petrographically, the finest material of Unit 2 

resembles crushed pumice from the breccia horizon. Both 

are composed of very small angular glass shards exhib

iting a hyalopilitic texture. Under crossed-nicols, 

ash from the rim deposit displays abundant crystallites 

resulting from partial devitrification. X-ray diffrac

tion patterns of the crystallites of both are identical. 
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Fiqure 11. Rim deposits of the east Kilbourne rim. 
Notice bomb sag structures about 5 feet above the 

caliche. 

Fi 
nure 12. Stratified tuffs of the east Hunts rim 
looking south. Notice cross-bedding and surfici 
H?orW^ of basalt weathered from the tuffs. 

al 

blocks 0 
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The cross-laminations of the rim deposit are 

festoon sets which exhibit symmetrical, broad, shallow 

troughs dipping at low angles. The bedding within the 

sets is graded. The loweat layer is coarse-grained, 

containing cinders and blocks. The grain size decreases 

through progressively higher layers. The uppermost 

layer is clay and ash. Graded bedding is characteristic 

where cross-laminations are absent. 

At both Hunts Hole and Kilbourne Hole, the dips 

of the trough axes are away from the centers, indicating 

a radial drainage away from a centrally located source 

(Fig. 13 & 21b, p. 48). 

Several distinct pisolitic layers (accretionary 

lapilli), 3-12 inches thick, occur near the top of the 

graded sets (Fig. 14). The matrix and lapilli are of 

the same composition, but the matrix is coarser-grained. 

The accretionary lapilli, which make up 30-40^ of the 

material, range from 2-8 mm in diameter with 3 mm the 

most common size. Sixty-eight percent (one standard 

deviation) fall between 2 and 5 mm. The lapilli are 

spheroidal to oblate with an average ratio of major 

axis to minor axis of 1.12. 

Each accretionary lapillus contains a structure

less, unsorted core of ash surrounded by one or more 
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Figure 13. Cross-stratified tuff in the east Kilbourne 
wall. Current direction to the east (right). Note 
Brunton for scale. 
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Figure lA. Accretionary lapilli at Kilbourne Hole. 
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thin layers of finer material. The core forms the 

bulk of the lapillus with the outer layer being only 

about 0.1 to 0.5 mm thick, but lapilli with more than 

one layer are also found. In such instances, a 1-2 mm 

core is surrounded by alternating coarse and fine 

layers. 

Woore and Pack (1962) concludedj 1) that 

accretionary lapilli form in the air during volcanic 

eruptions by the accretion of ash around a core due 

to the condensation of moisture on the core; 2) that 

they fall within a few miles of the vent; and 3) that 

the ratio of major axis to minor axis is indicative of 

the amount of post-depositional deformation of the 

enclosing bad. Significantly, the lapilli from Hunts 

and Kilbourne Holes are less flattened than the 

youngest lapilli (Pliocene) examined by fvioore and Peck 

(1962, p. 191). Axial ratios of lapilli at Hunts Hole 

indicate a compaction of roughly 10^. 

iJomb sag (Shrock, 1948, p. 334-335) was reported 

by Shoemaker (1957) as a common feature of maar rims 

in south-central Mexico and of the Kilbourne rim. Such 

deformation is present to a lesser degree in the bedded 

deposits at Hunts Hole. At Kilbourne Hole large blocks 

of basalt or olivine bombs are underlain by severely 

deformed bedding (Fig. 15 & 16). The bedding, though 
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Figure 15. Bomb sag in stratified tuff of the east 
Kilbourne rim. Brunton above basalt block for 
scale. 

Figure 16. Close up of bomb sag (Figure 15 above). Mote 
deformed accretionary lapilli layer under basalt block. 

' r> *'c "I-" 
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continuous under the blocks, is typically depressed 

several inches to 3 feet. At a few sag structures the 

beds above indicate that the blocks have penetrated 

through several feet of fine-grained material before 

producing the sag. The resulting basin is filled with 

unstratified material and stratified layers are 

continuous over the top. 

Abundant plant remains are present in the 

stratified deposit as stem casts. The casts in sev

eral horizons remain in growth position. Animal 

remains have not as yet been found. 

Unit 3: Crenulated Deposit 

Above the stratified sands there is a 10-foot 

bed of light yellowish-brown, fins-grained material 

that displays a crenulated or lobated texture on its 

weathered surface (Fig. 17). Tha bed is continuous 

around the rims of both Hunts and Kilbourne Holes and 

can be identified at a few wind swept areas beyond 

the rim. The composition, similar to that of the 

underlying stratified Unit 2, is moderately poorly 

sorted with the most common grain sizes ranging 

between 0.25 and 0.0625 mm. The bed is friable to 

soft and weathers to subdued slopes which are covered 

with active blowsand. 
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The weathered surface develops a characteristic 

crenulated texture. Commonly, the texture is as small, 

concentric, raised ridges or corrugations confined to 

discrete channels similar to the ropy folds of pahoehoe 

lava (Fig. 18). However, some ridges are concentric 

about a central spot; some appear as vertical tube-like 

structures while others are horizontal. Some preferred 

orientation was noted in small areas, but overall 

orientation is lacking. The texture is best developed 

on weathered surfaces, but faint traces are recognized 

in fresh cuts. In a few localities the texture is pres

ent between the bedding planes near the top of the 

underlying stratified material of Unit 2 (Fig. 19). 

Several fragments of fossilized bone and teeth 

were recovered from a weathered surface of this unit 

along the eastern rim of Hunts Hole. Poorly preserved 

fragments of Equus teeth, fragments of altered large 

bones, grey fossilized burned (?) rodent bones and 

teeth, and unaltered rodent bones and teeth are 

commonly associated with flint, obsidian and rock chips 

that are foreign to the underlying beds and the 

surrounding region. It is not known whathar these have 

weathered out of the unit or are of a much later age. 

The texture of upper Unit 3 resembles several 

different kinds of small scale sedimentary features. 
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Figure 18. Oblique vertical view of the weathered 
surface of Unit 3 of the Hunts Hole rim. 
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Figure 19. Unit 3 type material within Unit 2 at 
Kilbourne Hole. 
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such ast filled burrows or ropes of sediments which 

have passed through the digestive tract of an animal; 

rib and furrow structures of microcross-bedding; early 

stages of calichification; patterned cones; mudflow or 

surface creep; and sediments disturbed by the impact 

of small pellets. But, this texture does not 

correspond exactly to any previously pictured, figured 

or described texture. 

This unit is considered as a lahar inasmuch as 

the ability of mudflows to develop such a texture is 

established. Blackwelder (1928, p. 466) described 

low concentric wrinkles developed by flowage in recent 

mudflows in the southwestern United States. Orilling-

mud runoffs often develop identical textures and, on 

a larger scale, landslide areas and boulder streams 

commonly exhibit concentric ridges. 

The conditions necessary for flowage^-porosity, 

slope and saturation—are present. If the upper 

portion of Unit 2 became saturated with water, gravity 

could initiate creep or flowage down the dip slope, the 

resulting slurry of mobile sands destroying any traces 

of bedding and producing the texture now observed. 

Flowage of water-saturated sands and volcanic debris 

often takes place on volcanic slopes (Time, 1964, p. 68 

and Twenhofel, 1950, p. 266-267). 
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l̂ inor slippage along bedding planes could 

produce the occurrence of isolated crenulated Unit 3 

type material between stratified layers in the upper 

portion of Unit 2, the stratified deposit. 

Unit 4s Blowsand 

The uppermost portion of the rim consists of 

aolian, loose, fine to medium-grained quartz sand which 

mantles the crest and outer slopes of the rim volcanics 

and forms the dune cover of La Olesa. 

Structure 

Hunts Hole displays only minor structural 

features. The pre-basalt sediments of La (Vjesa surface 

as exposed at Hunts Hole are undisturbed. The bedded 

rim deposit exhibits slight dips. The position of the 

Hole fits wall with structural trends on La Wesa. 

At Hunts and Kilbourne Holes, the bedded rim 

daposits dip at low angles away from the center of the 

Holes. At Hunts Hole, tha beds on the east rim dip 

8*22° east, while those on the west are flatlying 

{fig. 22, p. 49). The dip of the rim material is 

related to the presence of the underlying eruptive 

breccia, being more pronounced above well developed 

breccia and missing where the breccia is not pressnt. 
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Raiche (1940, p. 217) attributed the dip to 

differential compaction of valley alluvium over the 

buried ejecta but recognized the improbability of 

much compaction. It seems more reasonable to accredit 

the dip of the bedded ejecta to original dip of the 

material deposited on the slope of tha underlying 

breccia. 

Two sets of nearly perpendicular joints are 

prominent in the tuffaceous sands around the Holes. 

The density of the Joints within sets is from 1-2 

Joints per foot. In general, two Joint sets are 

disposed around Hunts Hole in a radial and tangential 

pattern (Fig. 21c, p. 48). Where the buried lava is 

missing, backwasting of the walls is largely controlled 

by joint sets. Particularly where the inner slopes 

are nearly vertical, large blocks of material fall 

en masse by separation along joint plaooo. 

Reiche (1940), noting the occurrence of several 

slump blocks of bedded rim material on the floor of 

Kilbourne Hole, thought this supported a collapse 

origin. A small block on tha extreme north-northwest 

side of Kilbourne Hole dips toward the wall as a 

toreva block, and several slump blocks, mainly of 

basalt, occur at various elevations along the wall 

below the flow (Fig. 20). At Hunts Hole a small 
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Figure 20. Slump blocks of basalt on talus covered 
Kilbourne Hole wall. View to the south along west 
wall, vertical rsliof approximately 250 feet* 
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detached block of basalt, less than 200 feet long, rests 

on the floor 70 feet below the basalt flow. The blocks 

more probably represent backwasting of the walls rather 

than collapse. 

A small cone occurs Just north of Hunts Hole. 

Another cluster of cones is 3 miles north-northeast 

of Kilbourne. The alignment of the Holes and cones 

suggests a possible structural trend (Fig. 2). 
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Figure 21, Jointing 
and directional 
features at Hunts 
Hole. 
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ORIGIN OF HUNTS HOLE 

Crater Forming Processes 

Several processes or mechanisms have been used 

to explain the occurrence of craterform depressions. 

The principal mechanisms which have been suggested 

for the formation of the Afton Craters or similar 

occurrences arei 

1. fleteor Impact 

2 . Collapse 

a. Subsidence due to solution of 

underlying material by meteoric 

or magmatic water 

b. Subsidence due to the removal of 

volcanic material 

3. Volcanic Explosion 

a. Cratering by phreatic explosion 

b. Cratering by juvenile volatiles 

ileteor Impact 

A meteor impact origin for Hunts and Kilbourne 

is popular with many of the residents of the area as 

the topographic expression of the raised rim and 

steep interior slopes Is characteristic of meteor 

50 
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craters. Although the dimensions of Meteor Crater, 

Arizona, do not differ greatly from those of the Afton 

Craters, the resemblance is only superficial. 

The criteria for meteor impact are not agreed 

upon by all geologists (Buchsr, 1963 and Dietz, 1963). 

Nevertheless, features most commonly associated with 

meteor impacts such as meteor fragments, impactite 

(Nininger, 1954), shatter cones, jumbled and shattered 

rim deposits, and concentric folding or faulting are 

miasing at Hunts Hole. 

Collapse 

tee (1907b, p. 220) speculated that the origin 

was collapse due to solution of salt or gypsum 

beneath La Wesa but dismissed the Idea after consider

ing the depth that must be involved. Reiche (1940, 

p. 224) proposed a collapse origin suggesting cavern 

development in the underlying Cretaceous limestones. 

Inasmuch as P̂ ontlake sinkhole (Stockdale, 1936) 

originated by collapse through BOO feet of overlying 

consolidated elastics, Reiche (1940) assumed that 

there was a comparable thickness of overburden at 

Kilbourne. Reiche (1940) thought the presence of 

iarge slump blocks dipping toward the center of 
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Kilbourne Hole and the stratification of the rim 

material excluded the possibility of a volcanic 

origin. 

Recognition of volcanics associated with both 

Hunts and Kilbourne Holes initiated the hypothesis of 

collapse by removal of volcanic material. Crater Lake, 

Oregon, and Canjilon cauldron near Bernalillo, New 

i-lexlco, (f̂ utscher, 1956) can be cited as examples of 

this type of origin. Reiche (1940) suggested collapse 

of this nature as an alternate hypothesis. Kottlowski 

(1953, p. 24) appears to hold a similar view in his 

reference to collapse caldera on La (Vlesa. 

A collapse origin may be dismissed for many 

reasons. Although well data are not plentiful, 

several tyells show that salt and/or gypsum beds are 

not present in the section. Furthermore, nearby oil 

tests show at least 5,000 feet of valley fill, which 

is considered too great a depth for surface expression 

of solution in underlying Cretaceous limestones. 

Generally, collapse depressions are surrounded by 

beds which dip inward; such a dip is absent at the 

Holes. Ring dikes are also absent. Finally, the 

development of the raised rim is not explainable by 

a collapse mechanism. 
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Volcanic Explosion 

Loe (1907b) concluded that the "craters" are 

phreatic explosion pits produced by the conversion of 

groundwater to steam by a shallow intruding dike. 

The competency of this mechanism is cited in the 

literature by the 1924 eruption of Kilauea (Bullard, 

1962, p. 28), tha Banai-San eruption of 1888, and the 

1933 eruption at Sumatra described by van Bemmelen 

and Stehn (Rittman, 1962, p. 43-45). 

Similarly, volcanic explosions (or venting) by 

juvenile volatiles are known to be competent mechanisms 

for the formation of crater pits. Shoemaker (1957) 

attributed Kilbourne Hole to a maar eruption, 

exemplified by the Ubehebe Craters of Death Valley 

(von Engeln, 1932), the 1955 Nilahue maar eruption in 

Chile (fHuller and Veyl, 1957), and the maare of the 

Eifel district in Germany (Genz, 1955). The Laacher 

See maar near Coblenz, li miles in diameter and 200 

feet deep, has dimensions comparable to those of Hunts 

Hole. Zuni Salt Lake, New Mexico, which is similar to 

Kilbourne Hole in size, form and structure, was 

attributed to solution of underlying salt beds 

(Darton, 1905). Later, Darton (1916, p. 425) rejected 

this hypothesis and attributed the origin to volcanic 
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explosion, although Hutchinson (1957, p. 33) considers 

Zuni Salt Lake an example of cauldron subsidence. 

Considerable evidence indicates that Hunts and 

Kilbourne Holes were produced by volcanic explosions. 

The topographical expression is similar to the other 

known crater pits listed above. The cross-bedded, 

volcanic, raised rim, or rampart, is characteristic 

of maare (Shoemaker, 1962, p. 294). Olivine-enstatite 

and sanidine cored bombs are common features of the 

Clfel maare (Dana, 1921, p. 599 and Grabau, 1924, p. 

861). The occurrence of hot water in a Kilbourne 

well reported by Lee (1907, p. 217) and a similar 

occurrence In Hunts Hols reported by a long time 

rancher in the area, Plr. R. A. Gardner (personal 

communication) strongly suggest the presence of an 

igneous heat source under the Holes. Nearby wells 

on the plain have not encountered heated water. 

Waar Development 

Waare are formed by short lived gas volcanoes. 

Characteristically, eruptions at maare are deficient 

in essential ejecta. The ejecta conaists primarily 

of sediments and rock fragments from the vent walla 

which are entrained in the escaping gases, riuller and 

Veyl (1957, p. 391) determined that 80-100?$ of the 
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of the ejeoia fvon the Nilahue maar was derived from 

the explosion pit. 

The processes involved and the stages of 

development of a maar can be reconstructed by the 

nature of the rampart athieh surrounds the pit. At 

Hunts Hole four principal stages of development, which 

correspond to developflientai stages in other maare, 

can be recognized. The stages aret 1) separation of 

voiatilQsi 2) initial perforatloni 3) gae venting; and 

4) crater enlargement. Lava extrusion^ a fifth stage 

of development not present et Hunts Hole, is recognized 

in some other maare (Shoemaker, 1962 and Reeves and 

Oe Hon, 1965). 

Separation of Volatiles 

The separation of volatiles from fflagmae, which 

is responsible for the coring and venting action at 

maare^ can only be inferred* Two chief nodes of loss 

of gases from a magma aret 1} a reduction of confining 

pressure mii 2} changes in conpoeition due to 

cryetelliaation m(i reduction of temperature. 

Shoemaker, Roach and Byers (1962, p. 341*345) 

attributed the unmixing of the gasee, which are 

responsible for the Hopi Butte diatremee, to a 
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reduction of lithostatic load over an ascending .Tiagiaa 

rich in dissolved volatiles. As the magma ascends to 

a level where the lithostatic load of the overlying 

rooks is less than the vapor pressure within the 

magma, the volatiles are forced out of the chamber into 

the surrounding rocks. Tensile fractures, propagated 

through the overlying rocks by the pressure of the 

escaping fluids, allow the gases to escape and travel 

toward the surface. The fractures, in turn, are cored 

and widened by the passage of the gases. 

An alternate mechanism can be assumed following 

the work of Sorey (1922) and Niggli (1933) on the 

crystallization of silicate melts. Figure 23 

represents the cooling history of such a mslt. At t̂ , 

where crystallization barely begins, the magma is a 

mixture of a eolid crystalline phass, a liquid melt 

phase, and a dissolved volatile phase. As the 

temperature drops to t2f cryatallization increases 

and the relative abundance of volatiles is greatly 

increased. The vapor pressure reaches a maximum 

between t2 and t3, the pneumatolitic stage. Further 

decrease in tempereture reduces the vopor pressure 

end completes crystallization. 

This mechanism has been used by Barrington 

and Kerr (1961, p. I672«l673) as the eource of the 
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gases responsible for the formation of breccia pipes, 

and by Sucher (1963, p. 641-642) as the origin of 

blasts responsible for maare and cryptovolcanlc 

structures. If the vapor pressure developing within 

the magma during the pneumatolitic stage exceeds the 

confining pressures of ths lithostatic load, the 

volatiles are forced out of the magma and ascend 

toward the surface along pre-existing fractures or 

along fractures propagated by the escaping gases. 

The ascent of the gases may exhaust itself at dspth 

or may reach the surface with varying degrees of 

energy. 

Initial Perforation 

The earliest event recorded by the rim deposits 

of any volcano is its initial venting stage. As the 

gases pierce the surface, they carry considerable 

groundwater and underlying earth. This initial 

deposit of debris from under the vent is termed "vent 

opening breccia** (Rittman, 1962, p. 45) and should be 

present at the bottom of any volcanic pile (Fig. 24). 

At Hunts and Kilbourne Holes the lowest part of 

the rim deposit is an eruptive breccia of large 

angular basalt blocks, bombs, scoria, and other rock 

fragments derived from the vent and deposited around 
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Figure 24. Diagramatic stages of maare development. 
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it. This unit is the vent opening breccia and 

contains accidental lapilli and blocks derived from 

the material directly under the vent mixed with rocks 

that have been plucked or spelled from the vent walls 

during the coring of the vent at depth. The cored 

bombs are, for the most part, primary material of 

basalt envelopes enclosing earlier crystallized 

material carried out of the magma by gas streaming 

within the magma chamber. A small percent of the 

cores are basalt encrusted accidental blocks. 

The terra "explosion" is often used to describe 

the initial outburst of volcanic activity, and 

"explosion pit" for the resulting crater. In a strict 

sense this is probably In error. Volcanic "explosion" 

is not the instantaneous burst of energy commonly 

associated with the term, but rather a rapid discharge 

of gases out of a vent. Similarly, the explosion pit 

is not formed entirely by one blast, but probably by 

enlargement of an original small funnel-shaped vent. 

Gas Ventino 

Continued venting and gas coring after the 

initial perforation enlarges the orifice and adds new 

material to the original low encircling wall of 

breccia. Venting, after the opening phase, is less 
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violent. It occurs as staccato-like eruptions of 

progressively lesser intensity until final quiescence. 

The entire history of the Nilahue Waar eruption 

occurred over a period of three months (Muller and 

Veyl, 1957, p. 379-382), the first 20 days being the 

most active followed by eruptions that were uieaker 

and further apart. 

The major part of the rim at Hunts Hole consists 

of arenaceous tuff thrown out of the vent during 

repeated eruptions. The tuffs were deposited around 

the crater by aerial fallout and contemporaneous 

condensation of steam as a raised rim with loose, 

unstable slopes. Subsequent seasonal rains reworked 

much of the rim material as well as initiated minor 

slippage along bedding planes and mudflows. 

Contemporaneous "rains," caused by condensation of 

the volatiles expelled or by precipitation initiated 

by volcanism, are indicated by accretionary lapilli. 

Wost of the material of the rim was derived from 

sediments directly under the vent, but some primary 

material such as cared olivine-enstatlte bombs and 

scoraceous bombs also occur. Large blocks were 

expelled periodically as new eruptions began, producing 

bomb sag in the underlying finer-grained deposits. At 
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Hunts Hole enough time elapsed between some of the 

eruptions to allow plant growth on the rim. 

Subsequent eruptions buried the plants, leaving plant 

casts, many of which remain in growth position. The 

rim or rampart was thus gradually built up as a 

flattish cone surrounding the vent (Fig. 24). 

Crater enlargement 

The present dimensions of Hunts Hole compared 

to those of the Nilahue Maar (3600 feet wide and 1200 

feet deep) indicate that Hunts Hols must have been 

considerably enlarged from its original size. 

Enlargement of the crater diameter probably began 

during the first phases of venting and continued long 

after final quiescence. 

At most maare, down faulting or slumping of the 

crater walls, accompanied by normal backwasting, 

slowly engulfs the rim deposit, enlarges the diameter 

and fills the crater (Fig. 24). Ulhere resistant 

rocks, i.e. basalt, are present in the section, 

enlargement is retarded to some extent; but where 

incompetent sediments are not protected, backwasting 

is more rapid. The final form is a broad, shallow 

depression which eventually fills with slump debris, 

alluvias and lacustrine deposits. 
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Subsidence, not present at Hunts Hols, but 

Important in some diatremes and maare, is more or less 

contemporaneous with the sedimentary filling of the 

vent after the venting action has ceased. A steep 

inward dip of the deposits filling the Hopi 3uttes 

diatremes indicates subsidence of many hundreds of 

feat (Shoemaker, Roach and Byers, 1962, p. 346). 

Lava Extrusion 

The final stage of development, the extrusion 

of lava, is not present at Hunts or Kilbourne Holes. 

This culminating stage, which Is not present in all 

maare, ie well exhibited in many of the Hopi Butte 

diatremes (Shoemaker, Roach and Byers, 1962, p. 347). 

Further evidence of this culminating stage of activity 

is exhibited by the more gas-charged extrusions 

responsible for the central cinder cones on the floor 

of Zuni Salt Lake and those of the Potrillo Wear 

(Reeves and De Hon, 1965) south of the Afton Craters 

(Fig. 24). 



GEOLOGIC HISTORY 

La (Hesa is built on fanglomerates and alluvial 

deposits that filled the Rio Grande trench after the 

Initial uplift of the surrounding positive blocks. 

Volcanic activity in Hiocene timo is recorded as acid 

to intermediate flows and dikes, and pyroclastics 

interbedded with the bolson sediments. 

Aggradation of La l̂ esa surface was more or 

less continuous until mid-Pleistocene. Uiindblown 

silts and sands comprise a large part of the exposed 

section, thus eolian processes have played a more 

important role in the building of La Wesa than has 

previously been emphasized. Deformation by normal 

faulting initiated by post-Cretaceous uplifts 

continued throughout ths Cenozoic into late Pleisto

cene. Reiche's (1940, p. 218) assumption that at 

least 125 feet of additional fluvial deposits have 

been removed from the present surface of La Mesa is 

not substantiated. 

The only major changes in topography came in 

middle to late Pleistocene with the renewal of 

volcanic activity. The earliest eruptions were flows 

of fluid olivine basalts closely followed by more 

viscous sxtrusions of gas charged lavas and cinder 

64 
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cone development. The Hunts Hole maar was formed in 

the intervening period between the first and second 

basalts. This is indicated by the vent opening 

breccia resting on the oldsst olivine basalts that lie 

above the caliche horizon and known middle Pleistocene 

gravels. 

The formation of Hunts Hole maar was a 

relatively short-lived event, starting with the initial 

perforation which piled mixed ejected debris around a 

central vent. Continued gaseous discharge, mixed with 

sediments brought from below, was accompanied by 

torrential rains from condensed steam over intermittent 

periods of eruption and dormancy which slowly built 

a low flattish cone of stratified tuffaceous material 

around the vent. Enough time elapsed between eruptione 

for desert vegetation to take hold on the gentle slopes 

of the rampart. Ceesatlon of eruptive activity waa 

followed by crater enlargement and partial engulfment 

of the maar rim by backwasting. 

Final volcanism on La Wesa is evidenced by 

fluid lava extrusion and lava cone development at Aden 

Crater in late Pleistocene. Scattered small spatter 

conee, including one north of Hunts Hole, are 

associated with this activity. Eolian processes have 
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blanketed the eurfece with active bloweand and have 

produced the minor irregularities of the preeent 

eurfece. 
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