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Regional Setting of the Jornada Basin
H. Curtis Monger, Greg H. Mack, Barbara A. Nolen, and Leland H. Gile
Within the area around Las Cruces, New Mexico, is a network of studies both at the
Jornada Experimental Range (JER) and the Chihuahuan Desert Rangeland Research
Center (CDRRC) which includes the Desert Soil-Geomorphology Project (figure 2-1).

Fig. 2-1. Location of the Jornada Basin Long Term Ecological Research (LTER) site in
relation to the Chihuahuan Desert as defined by Schmidt (1979). The three research entities
where LTER research is conducted are the Jornada Experimental Range (JER), the
Chihuahuan Desert Rangeland Research Center (CDRRC), and the Desert SoilGeomorphology Project.
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All of these research entities are in the Chihuahuan Desert; this chapter describes the
geologic history and development of landscapes that are important elements to our
understanding of this ecosystem and its dynamic nature.
Southern New Mexico consists of C3 shrubs and C4 grasses in the lower
elevations surrounded by C3 woodlands and juniper savannas in the higher elevations
(Dick-Peddie 1993; see also chapter 10). Although the boundary of the Chihuahuan
Desert has differed slightly depending on whether it was based on vegetative or climatic
criteria, the boundary most widely used is based on a de Martonne aridity index of 10
(Schmidt 1979). Like many deserts of the world, the Chihuahuan Desert is in a zone of
dry, high-pressure cells near 30° latitude; is relatively far from marine moisture sources;
and occupies a position in which mountains scavenge moisture from weather fronts
(Strahler and Strahler 1987). The orographic influence is especially important in Mexico,
which contains about three-fourths of the Chihuahuan Desert, because the desert is
bounded to the west by the Sierra Madre Occidental and to the east by the Sierra Madre
Oriental Mountains.
The basin and range province consists of north–south trending mountain ranges
and broad intervening desert basins (figure2-1b) that at the Jornada Basin Long-Term
Ecological Research (LTER) site is the product of the Rio Grande rift tectonic system,
which has been active since middle tertiary time (Seager 1975; Seager et al. 1984).
Erosion of the steeply tilted mountain ranges has been the main source of sediment for
the filling of the intermontane basins. Vertically, sedimentary deposits are separated by
paleosols that indicate quiescent times following periods of erosion and sedimentation.

3
Structure and Function of Chihuahuan desert Ecosystem
The Jornada Basin Long-Term Ecological Research Site
Edited by: Kris Havstad, Laura F. Huenneke, William H. Schlesinger
Chapter 2. Monger, H.C. et al. 2006
As the basins filled with sediment, pore spaces between sediment particles filled with
water from rain, making these structural basins large reservoirs of ground water (Hawley
and Lozinsky 1992; Hawley and Kennedy 2004). The water table in the Jornada and
neighboring basins dropped when the Rio Grande entrenched below the basin floors in
the middle Pleistocene (Hawley and Kottlowski 1969). Today, the water table is 76 m
(250 feet) or more deep in some places in the Jornada Basin but as shallow as 1 m near
the river on the modern floodplain (King and Hawley 1975).
The major landscape components (or physiographic parts) of the Jornada Basin
LTER site are: (1) mountains and hills, (2) piedmont slopes (bajadas), (3) basin floors,
and (4) the Rio Grande Valley (figure 2-2).
Elevations range from 2,747 m (9,012 feet) in the mountains to 1,180 m (3,870
feet) in the Rio Grande Valley. Details of local climate are presented in chapter 3.
Compared to the geologic setting of other deserts, being located in a tectonically
active zone with great topographic diversity is a characteristic that the Chihuahuan Desert
shares with other North American deserts (Mojave, Sonoran, and Great Basin), the Monte
Desert of South America, and deserts of the Middle East. These deserts contrast with the
tectonically stable Thar Desert of India/Pakistan, the Sahara Desert, and Australian
deserts (Cooke et al. 1993). Although the Chihuahuan, the other North American deserts,
the Monte, and the Middle Eastern deserts have similar geologic settings, these deserts
exhibit their own unique appearance in proportion to their degree and duration of aridity
(Oberlander 1994). In the American Southwest alone, the Chihuahuan and Mojave
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Deserts, both of which are in the basin and range province, display different
characteristics due to different degrees of aridity.

Fig. 2-2. Block diagram of the Jornada Basin Long Term Ecological Research
(LTER) and Desert Project areas illustrating the major landscape components and
subsurface composition.

Geologic History
Precambrian Rocks
Precambrian rocks constitute the crystalline basement of the Jornada Basin site and are
exposed near the base of the larger fault-block mountain ranges, such as the San Andres
and Caballo Mountains, which border the Jornada Basin (Seager 1981; Mack et al. 1998a,
1998b). The primary rock types are schist, gneiss, amphibolite, phyllite, and
metaquartzite locally intruded by granitic rocks (Condie and Budding 1979). Precambrian
rocks in New Mexico range in age from 1.0 to 1.8 billion years and occupy three easttrending chronologic provinces that become younger southward (Condie 1982). These

5
Structure and Function of Chihuahuan desert Ecosystem
The Jornada Basin Long-Term Ecological Research Site
Edited by: Kris Havstad, Laura F. Huenneke, William H. Schlesinger
Chapter 2. Monger, H.C. et al. 2006
metamorphic provinces represent the deeply eroded roots of collisional mountain ranges
and record the accretion of continental crust onto the southern margin of North America
(Condie 1982).
Paleozoic Rocks
Paleozoic sedimentary rocks are major components of most mountain ranges in the
Jornada area, including the San Andres, Caballo, Robledo, Doña Ana, Franklin, and
Sacramento Mountains. Based on rock types, unconformities, and sediment accumulation
rates, Paleozoic rocks in the Jornada area can divided into two sequences: a lower and
middle Paleozoic sequence and an upper Paleozoic sequence associated with the
Ancestral Rocky Mountains.
The lower sequence ranges in age from the late Cambrian through the
Mississippian and consists of approximately 1 km of sedimentary rocks. The majority of
these rocks originated as fosilliferous limestone deposited in shallow, warm tropical or
subtropical seas that periodically occupied the stable interior of North America
(Kottlowski et al. 1956; Kottlowski 1965). Some of the limestone was subsequently
altered to dolostone (dolomite) during burial. Also present are shallow marine and
shoreline sandstone in the basal formation (Bliss sandstone) and an upper Devonian
formation enriched in dark shales (Percha shale) deposited on a poorly oxygenated sea
floor. The lower sequence of Paleozoic rocks is characterized by numerous
unconformities that represent erosion during periods of sea-level fall.
The upper Paleozoic sequence includes the Pennsylvanian and Permian. During
these periods, New Mexico and adjacent areas experienced a mountain-building event,
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referred to as the Ancestral Rocky Mountains, which developed hundreds of kilometers
inland of the collision between North America and Gondwanland (Kluth and Coney
1981; Kluth 1986). The Ancestral Rocky Mountains were characterized by north- and
northwest-trending, fault-bound mountain ranges separated by sedimentary basins in
which were deposited approximately 2 km of mixed marine and nonmarine sedimentary
rocks (Kottlowski 1960b, 1965). In south-central New Mexico, the main tectonic features
were the Pedernal Mountains, whose axis was located just east of the present-day
Sacramento Mountains, and the Orogrande Basin, whose western margin includes the
Jornada area. Rocks of the sedimentary basin are a mix of sandstone and shales. Among
the nonmarine depositional systems are fluvial and alluvial-fan red beds and well-sorted
eolian sandstone (Mack and Suguio 1991; Mack et al. 1995). Meter-scale interbedding of
marine and nonmarine rocks was probably a response to global sea-level changes driven
by growth and shrinkage of continental ice sheets in Gondwanaland (Mack and James
1986). The presence of calcic paleosols, widespread gypsum precipitation, and a
paleoflora dominated by gymnosperms suggest that Permian paleoclimate in southern
New Mexico was relatively dry (Mack et al. 1995).
Mesozoic Rocks
Triassic and Jurassic rocks are absent in the Jornada area and throughout most of
southern New Mexico. Only about 50 m of marine shales and sandstone of early
Cretaceous age are exposed east of the Jornada area in the southern San Andres
Mountains (Seager 1981), although lower Cretaceous sedimentary rocks up to 3.5 km
thick were well exposed in the extreme southwestern part of New Mexico and were
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deposited within the northern edge of the extensional Brisbee Basin (Mack et al. 1986).
The Jornada area has a thin lower Cretaceous section because it occupied the rift shoulder
of the Brisbee Basin and was a site of erosion.
Upper Cretaceous sedimentary rocks were originally deposited throughout the
state of New Mexico, but exposures of these rocks in the Jornada area are restricted today
to the southern San Andres Mountains and the northeastern flank of the Caballo
Mountains (Seager 1981; Mack et al. 1998a, 1998b). Approximately 1 km thick, upper
Cretaceous rocks are composed of interbedded marine and nonmarine sandstones and
shales deposited within and adjacent to the Western Interior Seaway. Deposition of dark,
organic-rich shales suggests the floor of the seaway was poorly oxygenated. A subhumid
to humid paleoclimate is suggested by the presence of in situ petrified angiosperm and
conifer stumps, whose spacing is indicative of an open canopy forest, as well as by
paleosols characterized by well-developed A, E, and argillic B horizons (Mack 1992).
Laramide Orogeny (Latest Cretaceous-Ecocene) and Post-Laramide Volcanism
(Late Eocene)
Compressional mountain building, referred to throughout the Western United States as
the Laramide orogeny, affected southern New Mexico in latest Cretaceous (late
Campanian and Maastrichtan ages) and early tertiary (Paleocene and Eocene epochs)
time. In the Jornada area, reconstructed Laramide tectonic features include the northwesttrending Rio Grande uplift and the complimentary Love Ranch sedimentary basin to the
northeast (Seager and Mack 1986; Seager et al. 1986, 1997; Seager and Mayer 1988).
The Rio Grande uplift was bordered on the northeast by southwest-dipping thrust faults
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and associated folds, which are exposed today in the southern San Andres Mountains,
San Diego Mountains, and the Caballo Mountains.
The Love Ranch Basin contains approximately 1.4 km of nonmarine sedimentary
rocks separated into two formations. The older McRae formation consists of fluvial
conglomerates, sandstone, and shales derived from carapace of Cretaceous andesitic
volcanic rocks that were eroded from the crest of the Rio Grande uplift. With the
exception of a few isolated exposures of volcanic vents, the Cretaceous volcanic rocks
exist only as clasts in the Love Ranch Basin. The McRae formation is also noted for the
presence of a late Maastrichtan dinosaur fauna, including Alamosaurus, Tyrannosaurus,
Torosaurus, and an ankylosaurid (Lozinsky et al. 1984; Gillette et al. 1986; Wolberg et
al. 1986; Lucas et al. 1998). Plant fossils in the lower member of the McRae formation
consist of silicified tree stumps, many of which are in situ, and leaf impressions from
about 40 different species of ferns, cycads, conifers, monocots (including palms), and
dicots (Upchurch and Mack 1998). The paleobotanical evidence suggests that early in the
history of deposition of the McRae formation, the paleoclimate was warm and subhumid
with little seasonal variation in precipitation and supported a subtropical to paratropical
open-canopy forest. By the end of McRae deposition, however, the paleoclimate became
drier and perhaps more seasonal, as indicated by the presence of calcic paleosols with
vertic features (Buck and Mack 1995).
The upper part of the sedimentary sequence in the Love Ranch Basin, the Love
Ranch formation, consists of alluvial fan, fluvial and lacustrine conglomerates,
sandstones, and shales that record a major pulse of uplift and eventual posttectonic onlap
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of the Rio Grande uplift. Calcic paleosols and gypsum in the Love Ranch formation
suggest a relatively dry climate in early tertiary (Seager et al. 1997).
Following Laramide mountain building, volcanism of intermediate composition
spread into southern New Mexico in late Ecocene time. Ranging from 100 to 600 m
thick, these rocks consist of bouldery lahars, volcanistic river deposits, lava flows, and
ash flows derived from a series of stratovolcanoes, the remains of only one of which, in
the Doña Ana Mountains, has been identified in southern New Mexico (Seager et al.
1976).
Rio Grande Rift
Crustal extension associated with the Rio Grande rift began in southern New Mexico in
the Oligocene epoch and continues to the present day. Traditionally, the history of the
Rio Grande rift has been divided into two phases, an early phase and a late phase that
began in the latest Miocene or Pliocene and continues to the present (Seager 1975; Seager
et al. 1984).
Oligocene Bimodal Volcanism and Miocene Uplift and Deposition in Closed Basins
The initial phase of extension of the Rio Grande rift in southern New Mexico began in
the Oligocene epoch with bimodal volcanism and minor uplift and basin development.
The rhyolitic end of the volcanic spectrum involved explosive volcanism and caldera
development. The remnants of three calderas can be identified in southern New Mexico,
including the Organ Mountains’ and Doña Ana Mountains’ calderas, which are partially
exposed in mountain ranges of the same name, and the Emory caldera, the eastern half of
which is exposed in the Black Range. The exposed portion of the Organ and Doña Ana
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calderas consists of 600 m to 3.3 km of ash flow tuffs that erupted between 36 and 35
million years ago and were trapped within the calderas as they collapsed, as well as
exposures of plutonic igneous rocks that crystallized in the magma chambers beneath the
calderas (Seager et al. 1976; Seager 1981; McIntosh et al. 1991). The preserved portion
of the Emory caldera contains caldera-fill, ash flow tuffs that erupted about 35 million
years ago, as well as tuffs, lava flows, and lava domes that were emplaced during a
resurgence event that followed the main eruptive cycle (Elson et al. 1975). Also related to
eruption of the Emory caldera is the Kneeling Nun tuff, which spilled out of the erupting
caldera and spread for tens to hundreds of kilometers across the surrounding countryside.
Outflow sheets of ash flow tuff from other calderas in southern New Mexico were
preserved, along with sedimentary rocks, in the Goodsight–Cedar Hills half graben
located west of the Jornada area (Mack et al. 1994a). Simultaneous with development of
the Oligocene calderas were eruptions of basalt and basaltic andesite lava flows. The
thickest, the Uvas basaltic andesite of late Oligocene age, is 250 m thick and consists of
as many as 14 distinct lava flows (Clemons and Seager 1973). Oligocene volcanic rocks
erupted during the initial phase of extension of the Rio Grande rift are interpreted to have
been derived from partial melting of the lithospheric mantle (McMillan 1998).
The initial phase of the Rio Grande rift in southern New Mexico culminated in the
Miocene epoch with block uplifts and complementary basin subsidence, but little or no
volcanism. Basin-fill sedimentary rocks of the Miocene age have a maximum thickness
of almost 2 km and consist of conglomerate, sandstone, shales, and gypsum deposited on
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alluvial fans and in ephemeral lakes (Mack et al. 1994b). There is no evidence at this time
of a through-going river analogous to the modern Rio Grande.
Latest Miocene to Recent Uplift, Basin Subsidence, and Basalt Volcanism
The more recent phase of crustal extension of the southern Rio Grande rift began in latest
Miocene or Pliocene time and continues to the present day and is responsible for
producing the modern topography. Many of the fault blocks that initially arose in the
Oligocene or Miocene continued to be active, although to a lesser extent. However, new
uplifts, such as the Robledo Mountains, San Diego Mountains, and Rincon Hills, arose
through former rift basins resulting in a series of more closely spaced, north-trending
basins and uplifts that existed in the Miocene. The sedimentary record of this phase of
extension is the Pliocene–early Pleistocene Camp Rice formation, which consists of a
maximum of about 150 m of conglomerates, sandstones, and shales deposited on alluvial
fans and by the Ancestral Rio Grande (Strain 1966; Hawley et al. 1969). Volcanism
resumed during the recent phase of extension in the form of basaltic lava flows that
erupted from fissures and individual cinder cones (Seager et al. 1984). These young
basalts differ from those of the early phase because they were derived from partial
melting of the asthenospheric mantle (McMillan 1998). Extensional tectonism remains an
important geologic process in the Jornada area today. Two major Quaternary faults cut
through the Jornada Basin (Seager 1975; Mack et al. 1994c; Seager and Mack 1995).
Moreover, the Organ and Caballo Mountains are bordered by normal faults with evidence
of Holocene movement (Seager 1981; Machette 1987). Uplifts up to 5 m have taken
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place within the last 1,000 years along the Artillery Range Fault on the east side of the
Organ Mountains (Gile 1986, 1994).
The Ancestral Rio Grande
During the more recent phase of extension of the Rio Grande rift, the Ancestral Rio
Grande arrived in southern New Mexico. The fluvial facies of the Camp Rice formation
consist of interbedded, pebbly sands and sandstones deposited in channels and floodplain
mudstones and siltstones, some of which contain calcic paleosols (Mack and James
1992). The channel sands contain distinctive “mixed-rounded gravels” of quartz, chert,
quartzite, and other siliceous rocks transported from northern and central New Mexico
(Strain 1966; Hawley et al. 1969). Maps of the fluvial sediments reveal that the Ancestral
Rio Grande alternately spilled into and filled several basins in the region (Kottlowski
1960a; Ruhe 1962; Gile et al. 1981; Seager et al. 1987; Seager 1995; Mack et al. 1997).
Reversal megnetostraitography and 40Ar/39Ar dates of pumice in the fluvial sediments
indicate that the Ancestral Rio Grande reached southern New Mexico about 5 million
years ago (Mack et al. 1993, 1996, 1998a, 1998b; Leeder et al. 1996). Pumice dated from
a trench 7 km west of the Jornada–Agricultural Research Service (ARS) headquarters
reveals that the Ancestral Rio Grande was in the Jornada Basin about 1.6 million years
ago (Mack et al. 1996).
The geomorphic surface that caps the fluvial facies of the Camp Rice formation in
the Jornada and neighboring basins is the La Mesa surface (Kottlowski 1953; Ruhe 1967;
Gile et al. 1981; Seager et al. 1987). The antiquity of the La Mesa surface and its soils is
indicated by substantial accumulations of pedogenic carbonate, ranging from stage III to
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stage V petrocalcic horizons (Gile 1967; Monger 1993; Herbel et al. 1994). The La Mesa
surface has member surfaces of three ages (table 2-1):
Table 2-1. Geomorphic surfaces and stages of carbonate accumulation in soils of the
Desert Project, Jornada Experimental Range (JER), and Chihuahuan Desert Rangeland
Research Center.
Geomorphic surface1
Rio Grande
Valley
Border
Coppice
dunes

Carbonate stage

Piedmont
Slope

Basin Floor

Coppice dunes

Whitebottom

Nongravelly
Materials

Estimated soil age

Gravelly
Materials

(years B.P. or epoch)
Historical (since 1850 A.D.)

Lake Tank

Present to 150,000
Middle and Late Holocene

Fillmore

Organ

0, I

I

100 – 7,000

III

I

I

100(?) – 1,000

II

I

I

1,100 – 2,100

I

I

I

2,200 – 7,000

Leasburg

Isaacs’ Ranch

II

II, III

Latest Pleistocene
(10,000 – 15,000)

Butterfield

Baylor

III

III

Late Pleistocene
(15,000 – 100,000)

Picacho

Jornada II

III

III, IV

Late to Middle Pleistocene
(100,000 – 250,000)

III

IV

Late to Middle Pleistocene
(250,000 – 500,000)

III

IV

Late to Middle Pleistocene
(500,000 – 700,000)

IV

(>700,000)

Petts Tank

Tortugas
Jornada I

Jornada I

Jornada I

Dona Ana
Lower La
Mesa

Lower La Mesa

III, IV

Middle Pleistocene
(780,000)

JER La Mesa

JER La Mesa

IV, V

Middle Pleistocene to Late
Pliocene
(780,000 – 2,000,000)

Upper La
Mesa

Upper La Mesa

V

1

Late Pliocene
(2,000,000 – 2,500,000)

Geomorphic surfaces after Ruhe (1967), Hawley and Kottlowski (1969), Gile et al (1981; 1995), Gile (2002) and Gile
et al. 1995. Lower, Jornada Experiemental Range, and upper La Mesa are included with the Rio Grande Valley because
they form part of a stepped sequence with the valley border surfaces. Coppice dunes have not been formally designated
a geomorphic surface but are considered separately here because of their extent and significance to soils of the area.
The Butterfield and Baylor surfaces were formerly designated as late phases of the Picacho and Jornada II surfaces
respectively (Gile et al. 1995).
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lower and upper La Mesa (Gile 1967) and Jornada Experimental Range La Mesa (Gile
2002). Lower La Mesa is highly significant because its soils illustrate the morphological
transition from the plugged stage III horizon to initial development of the stage IV
horizon in nongravelly materials (Gile et al. 1981). In contrast, most of the next-older
soils of the JER La Mesa have prominent stage V horizons (Gile 2002). These soils have
been remarkably well dated by pumice at about 1.6 million years (Mack et al. 1996; Gile
2002). Parts of JER La Mesa younger than this occur in places (such as along scarps and
some areas bordering the Rio Grande Valley), and the soils of the JER La Mesa are
estimated to range in age from about 0.78 to 2.0 million years (table 2-1). Paleomegnetic
dates indicate that the soils of upper La Mesa are probably about 2.0–2.5 million years
old (Mack et al. 1993; table 2-1).
Quaternary Geology
Entrenchment of Ancestral Rio Grande
Various models have explained the entrenchment of the Rio Grande and the
establishment of a through-flowing drainage from southern Colorado to the Gulf of
Mexico. In one model, entrenchment is thought to have occurred in the middle
Pleistocene when large lakes in northern Mexico, southern New Mexico, and west Texas,
which were fed by the Ancestral Rio Grande, spilled over a topographically low area near
El Paso (Kottlowski 1953) or at the southeast end of the Hueco bolson (Seager et al.
1984). In this model, the entrenchment coincided with the integration of the Upper Rio
Grande, which existed north of El Paso, and the Lower Rio Grande, which existed south
of El Paso (Kottlowski 1958; Hawley and Kottlowski 1969). In another model,
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integration of the Upper and Lower Rio Grande is thought to have occurred during
deposition of Camp Rice sediments, with entrenchment being the result of sediment
supply climatically driven by glacial-interglacial cycles (Gustavson 1991a, 1991b).
Several forms of evidence shed light on the timing of the Rio Grande’s
entrenchment. These include analysis of vertebrate fossils (Strain 1966; Hawley et al.
1969; Tedford 1981), tephrachronology (Seager and Hawley 1973; Seager et al. 1975a,
1975b; Izett and Wilcox 1982; Izett et al. 1988), K-Ar dates of basalt flows (Seager et al.
1984), the amount of pedogenic carbonate in La Mesa soils (Machette 1985; Gile 2002),
and radiometrically dated pumice deposits and magnetostratigraphy (Mack et al. 1993,
1996). Two ash layers have been important for determining the time of entrenchment:
Lava Creek B ash (0.62 million years, Izett and Wilcox 1982) and Bishop ash (0.76
million years, Sarna-Wojcicki and Pringle 1992). Earlier investigations suggested that the
Lava Creek and Bishop ashes were stratigraphically beneath the La Mesa surface in
southern New Mexico (Hawley et al. 1969; Seager and Hawley 1973; Seager et al. 1975a,
1975b; Hawley 1981). This stratigraphic position indicated that valley cutting by the Rio
Grande did not begin until after 0.62 million years ago. However, downstream from El
Paso, near Candelaria, Texas, Lava Creek B ash was found in an inset terrace (Hawley
1975b, 1981). In the Rincon Arroyo in the northern Jornada Basin, the Bishop ash was
also found in an inset terrace (Mack et al. 1993). Therefore, it now appears that
entrenchment began before the ashes were deposited.
Magnetostratigraphy of one area of lower La Mesa west of Las Cruces is
Matayuma (Mack et al. 1998a, 1998b), whereas another area of lower La Mesa to the

16
Structure and Function of Chihuahuan desert Ecosystem
The Jornada Basin Long-Term Ecological Research Site
Edited by: Kris Havstad, Laura F. Huenneke, William H. Schlesinger
Chapter 2. Monger, H.C. et al. 2006
south is Brunhes (Vanderhill 1986). Thus the true age of lower La Mesa could be close to
0.78 million years, the boundary between Matayuma and Brunhes. This age agrees with
the start of valley downcutting at Rincon Arroyo (very near or at the Matayuma–Brunhes
boundary, Mack et al. 1998a, 1998b).
Geoarchaeology
The Jornada Basin area has been occupied by humans since the latest Pleistocene,
perhaps before the Clovis dates of 12,000 years ago (MacNeish and Libby 2004). With
the minor exceptions of manipulating plant species and building rock terraces (Sandor et
al. 1990), prehistoric humans appear to have had little impact as a geomorphic agent in
southern New Mexico. Whether Paleo-Indian and Archaic hunters and gatherers or
Mogollon agriculturalists, these prehistoric peoples adapted to long-term changes (e.g.,
climate change) and short-term changes (e.g., drought) by migration and by modifying
their dependence on plants and animals for food, water for drinking or for crops, and
other natural resources for shelter, medicine, and tools (Kirkpatrick and Duran 1998).
The cultural history of south-central New Mexico can be divided into four general
categories (Kirkpatrick and Duran 1998): (1) Paleo-Indian (12,000 to 7,500 years B.P.).
This group, which is subdivided into Clovis and Folsom people, were hunters who
subsisted on bison, mammoth, and limited foraging. Clovis people made large spear
points and hunted mammoth. Folsom people made large spear points with flutes and
hunted bison. (2) Chihuahua Archaic (8,000 to 1,750 years B.P.). These people were
hunters and gatherers who migrated through vegetation zones using available resources.
They rarely built houses and made no pottery. They used spears with atlatls, spear
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throwers. (3) Jornada Mogollon (AD 400 to 1400 or 1450). These people were pit house–
dwelling agriculturalists who made brown-ware ceramics. In the later stages, the people
lived in aboveground adobe structures of contiguous rooms and made brown-ware
ceramics decorated with red and black paint. (4) Masons (1450 to present). These people
were possibly the descendants of the Jornada Mogollon. They intermarried with refugees
from northern pueblos after the Pueblo Revolt in 1680.
Geomorphic environments where the archaeological stratigraphy is best preserved
occur on the piedmont slopes in Holocene alluvial sediments and on basin floors in
Holocene eolian sediments (Monger 1995). In the deflated areas of the basin floors, wind
erosion has impacted archaeological stratigraphy by preferentially removing finer
particles, causing artifacts to collapse vertically onto an erosional surface (Davis and
Nials 1988). During this process, wind erosion can modify the surface distribution of
artifacts and make large, single archaeological sites appear to be several smaller sites
(Leach et al. 1998). Such sites are common in the basin floor of the Jornada Basin . Other
prominent archaeological remains at the Jornada include remnants of a pueblo
(Buffington and Herbel 1965) and petroglyphs on boulders.
Late Quaternary Climate
Information about late Quaternary climate in the Jornada Basin region (see also chapters
3 and 4) has come from several sources. The most prominent sources are studies of
pluvial lakes (Hawley 1993), alpine glaciers (Richmond 1986), rock glaciers (Blagbrough
1991), packrat middens (Van Devender 1990), fossil pollen (Freeman 1972), landscape
stability (Gile and Hawley 1966), polygenetic soils (Gile et al. 1981), depth of carbonate
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(Marion et al. 1985), and carbon isotopes in soils (Connin et al. 1997a; Monger et al.
1998; Buck and Monger 1999).
Climate during the late Pleistocene glacial maximum in New Mexico,
approximately 20,000 years ago, is interpreted as being cooler than today by 5–7°C
(Phillips et al. 1986). Cooler temperatures are also indicated by rock glaciers (which
require interstitial ice to form) that existed at elevations as low as 2,360 m (Blagbrough
1991) and by glacial ice on Sierra Blanca Peak (Richmond 1986). It has been a matter of
debate whether the climate was wetter than today (Galloway 1970, 1983; Brackenridge
1978; Van Devender 1990). Nevertheless, there is ample evidence for more “effective”
moisture at the Jornada Basin site during the last full glacial based on soil, geomorphic,
and botanical evidence (Gile 1966a; Wells 1979; Hawley 1993).
Compared to the last glacial maximum climate, the last 10,000 years that
constitute the Holocene have been warmer and drier with short intervals of greater
moisture. Packrat midden records from limestone cliffs of the Hueco Mountains near El
Paso indicate a unidirectional change in that environment from (1) oak-juniper woodland
in the early Holocene to (2) desert grassland in the middle Holocene to (3) desert scrub in
the late Holocene (Van Devender 1990). In the lower elevations of the piedmont slopes,
soil-geomorphic and fossil pollen records indicate (1) grassland in the early Holocene, (2)
desert scrub in the middle Holocene, and (3) a return of grassland with intermittent
periods of desert scrub in the late Holocene (Freeman 1972; Gile et al. 1981; Buck and
Monger 1999; Monger 2003).
Landforms of the Jornada Basin
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There are four major landscape components of the Jornada Basin site: (1) the mountains
and hills, (2) piedmont slopes (bajadas), (3) basin floors, and (4) Rio Grande Valley
(figure 2-2). Subdivisions of these landscape components into landforms are illustrated in
figure 2-3.

Fig. 2-3. Illustrations of terms used to describe landforms. (A) Major landscape
components, or physiographic parts, of a basin & range landscape. (B) Subdivisions of
physiographic parts into major landforms. Modified from Peterson (1981).

Landforms at the Jornada Basin were collected into a single map by combining existing
maps of the northern Desert Project area (Gile et al. 1981) with a new landform map
made for the Jornada Basin. The new map was constructed by delineating landforms on
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true-color, stereo-pair aerial photographs (scale 1:32,000), Landsat images (bands 1, 2,
3), and digital elevation models. The landform map is presented as figure 2-4 and is also
available on the Jornada Basin Web site
(http://jornada-www.nmsu.edu/maps/jer_map/viewer.htm).

Fig. 2-4. Landform map of the Jornada Basin. Map unit definitions

General descriptions of the landforms are given in the following discussion; more
detailed definitions are given in table 2-2.
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Table 2-2. Definitions of landform map units (shown in Fig. 2-4) of the Jornada Basin

Symbols

Landform Definitions

Basin Floor: Nearly level surface of an intermontane basin composed of various
alluvial, eolian, and lacustrine landforms (P, DP)1. The Jornada basin floor typically has a
gradient less than 1%, although steeper short slopes occur along fault scarps and dune
faces.
ap(w) - Alluvial Plain Wind Worked. Low-relief surface of relict fluvial fans and
floodplains of the ancestral Rio Grande. The fluvial sediments are the Camp Rice
Formation fluvial facies characterized by rounded pebbles of mixed lithology
derived from upstream sources (DP, M). Surficial sediments have been reworked
by strong winds that have produced deflational and depositional features with an
east-northeastern orientation. The alluvial plain corresponds to the La Mesa
geomorphic surface with prominent stage IV and V petrocalcic horizons in all but
the southeastern portion where younger surfaces are present (G).
ap(e) - Alluvial Plain Eroded. Wind and water eroded areas of the alluvial plain
characterized by exhumed or shallow petrocalcic horizons of the La Mesa
geomorphic surface.
ap(r) - Alluvial Plain Reddish Brown Sand Sheets. Deposits of reddish brown sand
sheets and coppice dune fields linearly oriented with prevailing wind direction.
ap(up)- Alluvial Plain Uplifted. Tectonically uplifted area of the alluvial plain (S).
Southern portion occupied by a coppice dune field.
ap -

Alluvial Plain. Surface of relict fluvial fans and floodplains of the ancestral Rio
Grande (i.e., Camp Rice Formation fluvial facies) with geomorphic surfaces
younger than the La Mesa surface. This map unit differs from the wind-worked
alluvial plain to the north because (1) it lacks prominent deflation-depositional
features oriented to the east-northeast, (2) it has soils with stage III calcic rather
than stage IV and V petrocalcic horizons, or (3) it has brown and pinkish gray
rather than reddish brown surface colors.

afl -

Alluvial Flat. Landform characterized by its slightly lower topographic position
than the juxtaposed alluvial plain and by its alluvial sediments predominantly
carried by sheet floods from neighboring piedmont slopes. These locally derived
sediments overlie ancestral Rio Grande (Camp Rice) deposits (DP).
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dep - Depressions (playettes). Karst-like concavities of the alluvial plain. Differentiated
from playas by their smaller size, coarser texture, and presence of vegetation. The
linear depression north-northeast of Jornada Experimental Range Headquarters is
tectonic in origin, whereas the two large depressions northwest of headquarters
associated with the map unit ss/lac are lacustrine and eolian in origin.
y-

Playas. Ephemerally flooded, non-gypsiferous, clayey floors of depressions that
are more barren of vegetation than surrounding terrain (DP, P).

lp -

Lake-Plain Playas. Relict clayey to loamy bottoms of late Pleistocene pluvial
lakes. Differentiated from playas by their less frequent flooding, greater
vegetative cover, and gypsiferous lithology.

gyp_ter & ss - Gypsiferous Lake-Plain Terraces and Sand Sheets. Gypsiferous lake
plain
terraces slightly higher than neighboring lake plain playas. These benches are
composed of two or more levels separated by low scarps. Such levels are typically
formed by recessional stands of a lake (P). Contains complex patterns of deflation
and eolian deposits of reworked gypsum, as well as thin deposits of quartzose
sand from the alluvial plain.
ss/lac - Sand Sheets Over Gypsiferous Lacustrine Landforms. Quartzose sand sheets
and
coppice dune fields blown from the alluvial plain that overlie and are mixed with
underlying gypsiferous landforms of lacustrine origin.
Piedmont Slope (Bajada): Sloping land rising from the boundary of the basin floor to
the boundary of mountains and hills.
af - Alluvial Fan Remnants. Older, higher geomorphic surfaces with petrocalcic
horizons that border mountain fronts (DP). Where these alluvial deposits have
debouched from mountain valleys they display the characteristic alluvial fan
shape.
afc_ped - Alluvial Fan Collar and Pediments. Holocene sediments washed from
adjacent mountain slopes. The map unit also contains areas of pediments
consisting of thin alluvial veneer on erosional surfaces cut across bedrock (DP, P).
ba -

Ballena. Eroded remnants of highest and oldest alluvial fans characterized by
their high rounded ridges (P).

fp -

Fan Piedmont. Landform comprising most of the piedmont slope. It descends
from the alluvial fan remnants and mountain fronts to the basin floor. In the
middle and lower portions, it consists of coalescent alluvial mantles. In the higher
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portion, it comprises the interfan valleys (DP, P). Progressively greater amounts
of eolian reddish quartzose sand are mixed with fan piedmont sediments northeast
of Jornada Experimental Range Headquarters.
fp(ss)- Sand Sheets and Coppice Dunes on Fan Piedmont. Sand blown from the alluvial
plain overlies and is interbedded with fan-piedmont alluvium derived from
sedimentary bedrock upslope. Coppice dunes are common in areas containing
mesquite. In upper regions, sand directly overlies sedimentary bedrock.
scarplet_asr - Erosional Scarplets and Arcuate Sand Ridges. Portion of fan piedmont
characterized by low winding ridges of reddish brown quartzose sand blown from
the basin floor. Sand ridges occur above arcuate erosional scarplets cut into
underlying silty alluvium washed from sedimentary bedrock upslope (R, DP).
asr_ss - Arcuate Sand Ridges and Sand Sheets. Portion of fan piedmont consisting of
broad arcuate reddish brown sand ridges and intervening sand sheets that overlie
and are interbedded with fan-piedmont alluvium derived from sedimentary
bedrock upslope.
fp(long_d) - Longitudinal Dunes on Fan Piedmont. Small longitudinal dunes and large
coppice dunes of reddish brown quartzose sand blown from the basin floor.
fp(r) - Reddish Brown Sand Sheets and Dunes on Fan Piedmont. Reddish brown sand
sheets and coppice dunes. Sand overlies and is interbedded with fan-piedmont
alluvium derived from sedimentary bedrock upslope.
Rio Grande Valley: Incised valley cut into basin fill and piedmont slope sediments.
floodp - Valley Floor. Modern Rio Grande floodplain. Valley floor consisting of
meandering
river system inset beneath older alluvium through which the river and its
tributaries downcut. The longitudinal slope of the valley floor is less than 0.1%
(DP).
r-

Ridges and Inter-Ridge Valleys. Erosional ridges and structural benches of the
Camp Rice fluvial facies. Includes scarps, colluvial wedges, and arroyo channels
(DP).

ft_r - Remnant Fan Terraces, Ridges, and Inter-Ridge Valleys. Primarily erosional
surfaces of rounded fan terraces graded to former base levels of the Rio Grande.
Map unit also contains inter-ridge valleys, scarps, and arroyo channels (DP).
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Fan Terraces. Fan terraces graded to former levels of the Rio Grande base level.
Similar to map unit ft_r but differentiated by having more broad, flat and stable
geomorphic surfaces.

Mountains & Hills: Landscape masses with bedrock cores that rise steeply from
surrounding piedmont slopes. Hills rise less than 1000 ft (305 m) above piedmont slopes,
whereas mountains are higher. Both typically have slopes steeper than 15% (P).
br -

Bedrock Outcrop. Exposed bedrock, pediments, small areas with thin alluvial
and colluvial deposits, and narrow mountain valley channels, floodplains, and
terraces.

ss/br- Eolian Sand Sheets on Bedrock. Reddish quartzose sand sheets blown from the
basin floor overlying bedrock.
1
Letters in parentheses refer to the following references: (P) Peterson 1981; (DP) Gile et
al. 1981; (M) Mack et al. 1993; 1997; 1998a; (G) Gile 1999; (S) Seager et al. 1987; (R)
Ruhe 1967; (H) Hawley and Kottlowski 1969; Hawley 1975a.
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Fig. 2-5. Landforms at the Jornada Basin Long Term Ecological Research
(LTER) site. (A) Example of three of the four physiographic parts: the
basin floor, piedmont slope, and mountains & hills (San Andres
Mountains). View toward east; photograph taken July 2000. (B) Example
of five landforms: mountains & hills, alluvial fan collar, fan piedmont,
alluvial plain (eroded), and remnant fan terraces, ridges, and inter-ridge
valleys. View toward east; photograph taken December 2003.

This map unit consists of elevated landscapes with bedrock cores that rise steeply
from surrounding piedmont slopes (figure 2-5). Hills rise less than 305 m (1,000 feet)

26
Structure and Function of Chihuahuan desert Ecosystem
The Jornada Basin Long-Term Ecological Research Site
Edited by: Kris Havstad, Laura F. Huenneke, William H. Schlesinger
Chapter 2. Monger, H.C. et al. 2006
above piedmont slopes, whereas mountains are higher. For the basin and range in general,
both hills and mountains have slopes steeper than 15% (Peterson 1981), which holds true
at the Jornada Basin site (Gile and Grossman 1979). Most mountains and hills consist of
bedrock outcrop with intervening areas of mountain valley channels, floodplains,
terraces, and slopes covered with thin alluvial and colluvial deposits.
Piedmont slopes (bajadas) are composed of three dominant landforms, ballena,
alluvial fan remnants, and fan piedmont (figure 2-3b). Ballenas, which are prominent on
the eastern side of the San Andres Mountains, are the remains of the highest and oldest
alluvial fans that have been eroded to linear ridges (figure 2-6a).
Alluvial fan remnants are the high geomorphic surfaces that border mountain
fronts, including alluvial fans that debouched from mountain valleys. There is also an
alluvial fan collar of Holocene sediments that borders mountains composed of intrusive
rock, such as Mount Summerford (Wondzell et al. 1987, 1996). The fan piedmont
consists mainly of coalescent alluvial mantles that descend to the basin floor but also
includes interfan valleys in the higher zones (figure 2-6a). The fan piedmont at the
Jornada Basin site is subdivided into landforms formed by alluvium, erosion (i.e.,
scarplets), and sand deposition (i.e., sand sheets, dunes, and arcuate ridges) blown from
the basin floor (figure 2-7a).
Basin floor at the Jornada site is dominated by the alluvial plain landform and its
subcategories (figure 2-4; table 2-2). The alluvial plain consists of fluvial fan and
floodplain deposits of the Ancestral Rio Grande (Gile et al. 1981; Seager et al. 1987;
Mack et al. 1997). Other basin floor landforms include the alluvial flat, playas,

27
Structure and Function of Chihuahuan desert Ecosystem
The Jornada Basin Long-Term Ecological Research Site
Edited by: Kris Havstad, Laura F. Huenneke, William H. Schlesinger
Chapter 2. Monger, H.C. et al. 2006

Fig. 2-6. Block diagrams of piedmont slope landforms and stratigraphy. (A) Illustration of
interfan valleys that are inset below and are younger than alluvial fan remnants, which, in
turn, are inset below and are younger than ballenas. The interfan valleys coalesce downslope
to form the fan piedmont which descends to the basin floor. (B) Deposit A2 and its
geomorphic surface, based on superposition relations, is younger than A1, which might or

depressions (playettes), and gypsiferous landforms related to Pleistocene pluvial
lakes and their associated eolian deposits. Depressions (playettes) are the smallest
landforms in figures 2-4. These karst-like features, which penetrate through petrocalcic
horizons, contain paleosols (figure 2-7b).
The Rio Grande Valley comprises the landforms formed by the episodic
downcutting and partial backfilling that occurred during the incision of the Rio Grande
through basin fill and piedmont slope sediments (Hawley and Kottlowski 1969; Hawley
1975a; Gile et al. 1981). The youngest landform is the valley floor, which is the
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floodplain of the modern Rio Grande. Adjacent to the valley floor is the valley border,
which contains a stepped sequence of fan terraces that graded to progressively higher
base levels of the Rio Grande during the late quaternary. Other Rio Grande Valley
landforms are ridges, inter-ridge valleys, structural benches, scarps, colluvial wedges, and
arroyo channels (Gile et al. 1981).
Geomorphic Surfaces
Geomorphic surfaces are based on age. They are mappable surfaces of landforms that
developed when climatic and base-level controls were relatively constant (see Daniels et
al. 1971; Hawley 1972; Ruhe 1975; Gile et al. 1981). Many geomorphic surfaces at the
Jornada Basin site have both an erosional and constructional (depositional) component.
Examples of geomorphic surfaces and their age relations are shown in figure 2-6b. In this
illustration a fan piedmont surface (P), which descends from a mountain front to a basin
floor, is inset by and overlain by younger surfaces A1, A2, A3, inset higher on the slope
and overlain lower on the slope. Geomorphic surface A1 is older than surface A2 but may
or may not be older than A3. Soil morphology evidence would be needed to determine if
A3 had greater profile development and was therefore older than either A1 or A2.
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Fig. 2-7. Photograph of scarplets and depression soil. (A) Aerial photograph of basin
floor and piedmont slope landforms (BLM 1980 color series). It shows reddish brown
sands, blown from the alluvial plain to the west, encroaching on the piedmont slope,
which in this area, is dominated by low winding ridges of quartzose sand paralleling
arcuate erosional scarplets cut into silty alluvium from sedimentary rock (mainly
limestone) of the San Andres Mountains. (B) Photograph of depression (playette) at
Mayfield Well showing soil pit and scapula bone encountered at 60 cm on the surface of
a paleosol. The excavated bone was identified by Dr. Art Harris (Univ. Texas, El Paso,
1996) as potentially being from a bison. Radiocarbon age of the organic material in the
bone was 3890 ± 59 years BP (Beta-109920). View to west; photographed March 1996.
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Geomorphic surfaces at the Jornada Basin site have been mapped for the Desert
Project study area (Gile et al. 1981) where, for example, nine geomorphic surfaces occur
in the Rio Grande Valley border as a stepped sequence (table 2-1). The ages of the
geomorphic surfaces increase with increasing elevation of the steps, each step
representing a temporary halt in river entrenchment and partial valley backfilling
(Hawley 1975b). Surfaces of similar age occur on the piedmont slopes (table 2-1; Gile et
al. 1981). Downslope these descending surfaces overlap in places and occur as a
sequence of buried paleosols (figure 4-7).
The age of a geomorphic surface and the age of its soils are the same (Gile et al.
1981). On a constructional (depositional) surface, for example, both the surface and the
soil would date from the approximate time that sedimentation stopped and soil
development began. Similarly, on an erosional surface, the age of the surface and soil
would date from the time erosion stopped and pedogenesis began.
More than one soil type generally occurs on a single geomorphic surface. At the
Jornada Basin multiple soil types are most commonly the result of lateral changes in
surficial sediments in which soils form (Gile and Grossman 1979). Lateral changes in
climate and vegetation on a single geomorphic surface also give rise to different soil
types.
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Soil Parent Materials of the Jornada Basin
Parent materials at the Jornada Basin site are highly contrasting in age, ranging from
Precambrian granite to historical alluvium, and for unconsolidated parent materials,
highly contrasting in textures, ranging from sand to clay (figures 2-8; table 2-3).

Fig. 2-8. Soil parent material map of the Jornada Basin LTER site. Map unit
definitions are given in Table 2-3.
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Table 2-3. Definitions of soil parent material map units (shown in Fig. 2-8) of the Jornada
Basin.

Symbols

Soil Parent Material Definitions

Igneous Bedrock
B-

Vesicular Basaltic-Andesite. Rock outcrop and small areas of piedmont slope
sediments of black to medium gray, vesicular basaltic-andesite of the Uvas
Basaltic Andesite. Bedrock unit is a few hundred feet thick. Tertiary age, dated
25.9 ± 1.5 m.y., 26.1 ± 1.4 m.y., 27.4 ± 1.2 m.y. (S)1.

M-

Silicic Plutonic Rocks. Rock outcrop of monzonite-porphyry dikes, stocks, and a
laccolith of the Dona Ana Mountains (33.7 m.y), and quartz-monzonite porphyry,
granite, quartz syenite, and syenite of the Organ Mountains batholith (32.8 m.y)
(S).

R-

Rhyolite Intrusives. Rock outcrop of non-porphyritic to slightly porphyritic,
siliceous sills, dikes, and small rhyolitic plugs of Tertiary age (S).

VR -

Volcanic Rocks and Rhyolite Undifferentiated. Rock outcrop of ash-flow tuffs of
the Dona Ana Rhyolite (33.0 m.y.) and the Palm Park Formation in the Dona Ana
Mountains (S).

V-

Volcanic Rocks of Intermediate Composition. Rock outcrop of purplish
epiclastic strata with beds of laharic breccia of the Palm Park Formation and other
volcaniclastic rocks of the Orejon Andesite. Tertiary age, dated 51 m.y., 43 m.y.,
and 42 m.y. (S).

VRCgv- Volcanic, Rhyolitic, and Conglomeratic Rocks Undifferentiated. Volcanic
rocks of the
Palm Park Formation, flow-banded rhyolite, Rincon Valley Conglomerate, and
small areas of basalt flows, basaltic andesite, and fanglomerate (S).
G-

Granite- Rock outcrop of pink to brown, coarse-grained granite of Precambrian
age and associated amphibolites and quartzites (S).

Sedimentary Bedrock
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Cgv - Conglomerates and Mudstones from Local Volcanic Rocks. Fanglomerate,
conglomerate, conglomeratic sandstone, mudstone, and gypsiferous playa
sediments of the Rincon Valley and Hayner Ranch formations (Miocene) (S).
Cg -

Conglomerate, Sandstone, Mudstone from Local Sedimentary Rocks. Pebble to
boulder conglomerate, red mudstone, and sandstone of the Love Ranch Formation
(Paleocene-Eocene). Sediments derived from local sedimentary rocks and
Precambrian granite (S).

gSS - Interbedded Sandstone, Gypsum, Limestone. Light-colored sandstones, gypsum,
and fetid limestone of the Yeso Formation (Permian) (S).
SS - Siltstone, Fine Sandstone, Shale. Reddish-brown siltstone, fine sandstone,
arkosic sandstone, and shale of the Abo Formation (Permian) (S).
LS -

Limestones. Limestones and associated sedimentary rocks of the Hueco
Formation (Permian) in the Dona Ana Mountains, and the Hueco, Lead Camp
Formation (Pennsylvanian), and Mississippian and Devonian limestones and
shales in the San Andres Mountains (S).

Sh -

Interbedded Shale, Sandstone, Siltstone, Gypsum. Brown to gray shale,
sandstone, siltstone, gypsum, and fine-grained laminated limestone of the Panther
Seep Formation (Pennsylvanian) (S).

mxSed- Mixed Sedimentary Rocks. Dolomites, limestones, and terrigenous clastic
sedimentary
rocks of the Fusselman Dolomite (Silurian), Montoya Group (Ordovician), El
Paso Group (Ordovician), and Bliss Sandstone (Cambrian-Ordovician) in the
eastern San Andres Mountains; and limestones mainly of the Hueco and Lead
Camp formations and interbedded terrigenous clastics and gypsum of the Panther
Seep formation in the southern San Andres Mountains (S).
Alluvium from Igneous Bedrock
b-

Alluvium from Basaltic Andesite. Gravellya, arkosicb piedmont slope alluvium
derived from the Uvas Basaltic Andesite in the Point-of-Rocks hills.

m-

Alluvium from Silicic Plutonic Igneous Rocks. Arkosic piedmont slope alluvium
derived from coarse-grained felsic and intermediate intrusive rocks including
quartz monzonite, porphyry, granite, quartz syenite, and syenite. Alluvium is
gravelly near bedrock source, but breaks down into finer sediments downslope.

ig -

Alluvium from Felsic and Intermediate Extrusive Igneous Rocks. Arkosic
piedmont slope alluvium derived from the Dona Ana Rhyolite (felsic) and Palm
Park Formation (intermediate) in the Dona Ana Mountains; from felsic granites
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and quartz monzonites in the San Agustin Mountains (between the San Andres
and Organ Mountains); and from mixed volcanic rock sources west of the Rio
Grande. Alluvium is gravelly on the upper and middle piedmont slope and loamy
in the lower zones.
sg -

Alluvium from Granite and Sedimentary Rocks. Gravelly, arkosic piedmont
slope alluvium derived from Precambrian granite and Paleozoic sedimentary
rocks on the eastern slopes of the San Andres mountains. Map unit includes a
small area at San Diego Mountain west of the Jornada basin floor, and an area
containing map unit ig east of the San Agustin Mountains.

Alluvium from Sedimentary Bedrock
cg -

Alluvium from Conglomerates. Gravelly, high-carbonatec piedmont slope
alluvium derived from the Love Ranch Formation of the San Andres Mountains.

sed -

Alluvium from Limestone and Siltstone. Gravelly, high-carbonate piedmont
slope alluvium derived from limestones of the Hueco Formation and siltstones of
the Abo Formation in the Dona Ana Mountains. Map unit also contains small
areas of ancestral Rio Grande alluvium.

l-

Alluvium from Sedimentary Rocks, Mainly Limestone. High-carbonate piedmont
slope alluvium derived from Paleozoic limestones and associated terrigenous
clastic rocks. Alluvium is gravelly near bedrock sources but becomes loamy then
silty farther downslope.

igsed - Alluvium from Mixed Igneous and Sedimentary Sources. Loamy, arkosic
piedmont slope alluvium in the Dona Ana and Robledo Mountains derived from
igneous rocks, with minor amounts of limestone detritus.
Sediments Derived from the Ancestral Rio Grande
RG -

Modern Rio Grande Alluvium. Floodplain alluvium of the Rio Grande consisting
of stratified fluvial deposits ranging from coarse-grained bedload sediments in the
current and former meandering river channels to clay deposits formed in small
oxbow lakes. Flooding and sediment deposition has been inactive since the
completion of Elephant Butte Dam in 1917.

q-

Eolian Quartzosed Sand Over Bedrock. Deposits of reddish brown quartzose
sand blown from the basin floor by strong winds from the west-southwest.

q/b -

Eolian Quartzose Sand Over Basaltic Andesite Alluvium. Deposits of reddish
brown quartzose sand from the basin floor that overlie and are mixed with
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piedmont slope alluvium derived from the Uvas Basaltic Andesite in the Point-ofRocks hills.
q/l -

Eolian Quartzose Sand Over Limestone Alluvium. Deposits of reddish brown
quartzose sand blown from the basin floor that overlie and are mixed with
piedmont slope alluvium derived from Paleozoic limestones and associated
terrigenous clastic rocks.

q/m - Eolian Quartzose Sand Over Alluvium From Silicic Plutonic Rocks. Deposits of
reddish brown quartzose sand blown from the basin floor that overlie and are
mixed with piedmont slope alluvium derived from coarse-grained plutonic rocks
of the northern Dona Ana Mountains.
c-

Clayey Playa Sediments. Clay-rich, non-gypsiferous alluvium with shrink-swell
properties. Vertisols occur in the larger playas (DP).

aRG - Ancestral Rio Grande Alluvium (Camp Rice Formation, Fluvial Facies).
Fluvial sediments from upstream sources deposited as fluvial fans and floodplains
by the ancestral Rio Grande (H, DP). Sediments consist of arkosic sand, rounded
pebbles of mixed lithology, floodplain mudstones and siltstones, occasional clay
rip-up clasts less than 1 meter long, sporadic groundwater calcretes, and
infrequent pumice lenses. Deposition spanned a period from about 5 million years
ago when the river system reached the Jornada region to about 0.8 million years
ago when the river began downcutting through its previously deposited sediments
(M). The constructional top of the Camp Rice Formation Fluvial Facies is the La
Mesa surface, though younger surfaces are present in the southeastern most
portion of the Jornada Basin (G). Strongly developed soils with thick petrocalcic
horizons are typically components of the La Mesa surface. Wind erosion of those
soils above the petrocalcic horizon has been the main source of quartzose sand
accumulated on down-wind piedmont slopes and bedrock areas.
Gypsiferous Sediments
gc -

Gypsiferous Lake Bed Clay. Reddish brown calcareous clay to silty clay loam
lake sediments containing rounded, gravel-size gypsum crystals. These fine
grained sediments overlie gypsum beds.

glo -

Gypsiferous Loamy Sediments. Loamy, calcareous, gypsiferous sediments of
lake plain terraces and playas. In some areas, gypsum beds have been exposed by
erosion.

gloq - Gypsiferous Loamy Sediments and Quartzose Sand. Similar to map unit glo
except this unit contains additions of reddish quartzose sand blown from the
adjacent alluvial plain.
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gs -

Grayish Gypsiferous Sands. Sandy, grayish, calcareous deposits high in gypsum
blown from adjacent lake beds by strong winds. Unit also contains significant
amounts of grayish quartzose sand.

q/gyp - Eolian Quartzose Sand Over Gypsiferous Sediments. Sandy deposits of reddish
quartzose sand blown from the adjacent alluvial plain. These deposits overlie and
are mixed with gypsum-rich lacustrine and eolian sediments.
1

Letters in parentheses refer to references listed in Table 2-2.

a

Gravelly, sandy, loamy, silty, and clayey are used qualitatively, but are estimated
equivalents of skeletal, sandy, loamy, and fine as used in Soil Taxonomy (SS).
b
Arkosic designates notable quantities of feldspar (/25%) in addition to quartz, the
dominant mineral.
c
High-carbonate designates parent material with greater than about 15% CaCO3 (Gile et
al., 1981).
d
Quartzose designates deposits that are almost totally quartz.

The effect of parent material on soil texture, mineralogy, and chemical properties
is important for vegetation in several ways. These include water-holding capacity,
infiltration, permeability, aeration, erodibility, organomineral complexes, nutrient status,
pH, toxicity, clay illuviation, and shrink-swell characteristics. For example, extrusive
igneous rocks, such as rhyolite, disintegrate more slowly than intrusive igneous rocks,
like monzonite (Gile et al. 1981). Consequently, soils derived from rhyolite contain more
gravel and, therefore, have less plant available water than soils derived from monzonite
(see Herbel et al. 1994). Another example is the effect that limestone parent material has
on argillic horizon formation. With other soil-forming factors held constant, highcarbonate parent material derived from limestone will suppress the formation of argillic
horizons, in contrast to similar soils derived from igneous rocks, in which argillic
horizons are common (Gile et al. 1981).

37
Structure and Function of Chihuahuan desert Ecosystem
The Jornada Basin Long-Term Ecological Research Site
Edited by: Kris Havstad, Laura F. Huenneke, William H. Schlesinger
Chapter 2. Monger, H.C. et al. 2006
Parent materials of the Jornada Basin, as with landforms, were compiled into a
new Geographic Information System (GIS) layer for ecological studies. This map was
made by combining new mapping with existing maps by Ruhe (1967), Gile et al. (1981),
and Seager et al. (1987), as well as the 1918 and 1963 soil maps (chapter 4). In the new
map, parent materials were grouped into six categories: igneous bedrock, sedimentary
bedrock, alluvium from these two bedrock types, sediments derived from the Ancestral
Rio Grande, and gypsiferous sediments (figure 2-8; table 2-3). Igneous bedrock consists
of mostly tertiary felsic intrusive and extrusive rocks, though basaltic andesite and
Precambrian granite are also in the area (Seager et al. 1987). Sedimentary bedrock is
mostly Paleozoic marine carbonates with interbedded terrigenous clastic rocks. These
range from Cambrian sandstone to interbedded limestone, gypsum, and sandstone of
Permian age, with minor areas of Paleocene to Miocene conglomerate, sandstone, and
mudstone from local sources (Seager et al. 1987).
Alluvium from igneous and sedimentary bedrock occurs downslope from bedrock
outcrops. Some general characteristics are that alluvium derived from limestones tends to
be highest in silt, whereas alluvium derived from rhyolites tends to be highest in gravel.
Alluvium from limestone has high carbonate content, and alluvium from igneous bedrock
has notable quantities of feldspar (≈ 25%) in addition to quartz, which is the dominant
mineral. Alluvium from limestone contains more mixed-layer clay minerals than
alluvium from igneous rocks, which contains more kaolinite and smectite (Monger and
Lynn 1996). Illite occurs in similar quantities in both sedimentary and igneous alluvial
types.
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Sediments derived from the Ancestral Rio Grande are fluvial sediments from
upstream sources (table 2-3). Also included in this unit are clayey playa sediments,
modern Rio Grande alluvium, and eolian quartzose deposits. The eolian quartzose
deposits have blown from eroded soils of the alluvial plain and accumulated over a
variety of bedrock and alluvial units (figure 2-9a).
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Fig. 2-9. Photograph of coppice dunes and petrographic thin section of
quartzose sand. (A) Photograph on fan piedmont 4.5 km northeast of Jornada
Experimental Range Headquarters showing eolian quartzose sand
disconformably overlying silty alluvium from sedimentary rock (mainly
limestone) of the San Andres Mountains. A charcoal layer exposed at the
sedimentary contact provided a radiocarbon date of 930 ± 100 years BP (Beta109919) indicating the dune formed sometime after that time. View taken to
southeast; photographed 1996. (B) Photomicrograph of a thin section of reddish
brown sand collected from the land surface near Red Lake. It shows that clay
and admixed iron oxides coat sand grains, which are mainly quartz, and impart
the prominent reddish brown color to the sandy landscapes of the Jornada basin
floor and leeward piedmont slope.
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The red color, which is readily detectable by satellite images, is the result of
coatings of clay and admixed iron oxide on quartz and other sand grains (figure 2-9b).
Gypsiferous sediments, which extend from the JER headquarters to the
northwest, originated in pluvial lakes of the late quaternary. These gypsiferous clayey
sediments of lake-plain playas, loamy sediments of lake-plain terraces, and sandy
sediments of eolian deposits associated with the lakes are similar but in miniature to those
of White Sands National Monument on the eastern side of the San Andres Mountains.
Unlike White Sands, however, the Jornada gypsiferous sediments have received large
influxes of quartzose sand blown from the adjacent alluvial plain.
Conclusions
The coevolution of ecosystems and landscapes in the area that is now the Jornada Basin
site extends back into the Precambrian. However, it is the late phase of the Rio Grande
rift system that is mainly responsible for the modern Jornada landscape. This phase began
in the latest Miocene or Pliocene and consisted of renewed extensional tectonics, the
associated tilting of strata, progressive uplift of north–south trending mountain chains,
development of intervening structural basins, filling of those basins with sediments and
rain water, the arrival of the Ancestral Rio Grande and fluvial fan deposits, followed by
the entrenchment of the Rio Grande below the level of the basin floors and the formation
of the Rio Grande Valley. During most of this time, the climate was dry enough that
carbonate occurred in paleosols (Mack et al. 1994c; chapter 4). Yet the climatic swings
were high enough that during glacial maxima lakes formed in southern New Mexico in
general (Hawley 1993) and the Jornada Basin in particular (Gile 2002).
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With C3 woodlands in the mountains of the Jornada Basin site, C3 shrublands in
the lower and drier areas and C4 grasslands in between, the Jornada Basin is and has been
a site of dynamic competition between these plant communities as climatic swings
intermittently tilts conditions in favor of one group or another. Based on modern
measurements (Wainwright et al. 2000) and the stratigraphic record of paleosols (chapter
4), erosion paralleled the decline of grasslands as progressive amounts of bare ground
associated with increasing shrublands left soil unprotected and vulnerable to detachment
and transport by running water and strong wind.
The four major landscape components at the Jornada Basin site are (1) mountains
and hills, (2) piedmont slopes (bajadas), (3) basin floors, and (4) the Rio Grande Valley.
These major landscape components are subdivided into landforms, such as ballenas,
playettes, and the valley floor (table 2-2). Landforms are discrete pieces of the landscape
that impact vegetation by their configuration, which influences redistribution of runoff
water (Wondzell et al. 1996) and microclimate (Dick-Peddie 1993). Landforms also
impact vegetation by their soil-related physical and chemical properties, such as waterholding capacity and soluble salt content. Landforms are subdivided, based on age, into
geomorphic surfaces that in turn are subdivided, based on lateral variability, into soil
types.
Parent materials at the Jornada Basin occur as colluvial, alluvial, fluvial,
lacustrine, eolian, and residual bodies derived from assorted intrusive to extrusive, mafic
to felsic igneous rocks, as well as various marine to terrigenous clastic sedimentary rocks
(table 2-3). Like landforms, parent materials have a controlling influence on soil physical
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and chemical properties important for vegetation. For example, intrusive igneous rocks
give rise to gravelly soils with lower plant-available water because they break down less
readily than extrusive igneous rocks.
Owing to its assorted parent materials, multifaceted landforms, and bioclimatic
setting, the Jornada Basin site is diverse and dynamic. In modern times, there are
increasing human impacts superimposed on the natural diversity, which has resulted in
desertification (Schlesinger et al. 1990; see also chapter 1). Quantifying human-induced
desertification in the context of natural cycles of desertification will be a challenge but
will provide important insights about the effect humans can have on the arid–semiarid
environment.

