




























































































Data Interpretation

Three geologic boundaries were delineated and
traced on the seismic profiles: the base of the upper
Santa Fe Group, base of the lower Santa Fe Group (top
of the Tertiary volcanics), and base of the Tertiary
volcanics. The well control (fig. 8) used by Reynolds
(1989) to correlate seismic horizons with geologic
boundaries was:

Depth,
Well Geologic boundary in feet
22S.02E.28.3334 Top of Tertiary volcanics 503

Apodaca Park Base of upper Santa Fe Group 452

(23S.02E.07.122) Top of Tertiary volcanics 710
City of Las Cruces No. 39 Base of upper Santa Fe Group 125
(23S.02E.06.240) Top of Tertiary volcanics 398

Exxon Beard Ole Fed. No. 1  Base of upper Santa Fe Group 167

(23S.02E.11.134) Top of Tertiary volcanics 476
Base of Tertiary volcanics 790
22S8.02E.21.444 Top of Tertiary volcanics 365

The reflection horizon that correlated with the
base of the upper Santa Fe Group, as reported above by
Reynolds (1989), was determined by the interpretation
of gamma-ray borehole-geophysical logs collected
from the three wells listed above. These log picks could
possibly represent the base of a facies change within
the Camp Rice Formation (upper Santa Fe Group)
rather than the base of the upper Santa Fe Group (John
Hawley, New Mexico Bureau of Mines and Mineral
Resources, oral commun., 1997). Recent well logs (not
available at the time of the seismic surveys) show
upper Santa Fe Group deposits directly overlying the
top and adjacent to the Tertiary volcanics of the upper
portion of the Jornada Horst. Geologic interpretation of
the seismic profiles in this report modifies the geologic
interpretation of the contract geophysicists in that (1)
the base of the upper Santa Fe Group in this report does
not coincide with the gamma-ray log pick used by the
contract geophysicists and (2) the base of the upper
Santa Fe Group is assumed to coincide with the top of
the Tertiary volcanics.

The interpreted seismic reflection profiles
(A-A’, B-B’, C-C’, and D-D’) were transformed to
geologic sections (figs. 9A-C and 10A) by using a
velocity-conversion function developed by Reynolds
(1989) for the Jornada del Muerto Basin. This velocity
function was calculated by correlating seismic
horizons on the profiles to the base of the

unconsolidated Tertiary (near top of the Tertiary
volcanics) as determined from five wells.

A mean velocity of 9,400 feet per second for a
refractor at a depth of 110 feet below land surface was
detected at the east end of line B-B’ (from stations 315
to 480). Reynolds (1989) interpreted this as a
consolidated sandstone, conglomerate, or basalt flow
within the upper part of the Santa Fe Group.

1992 SEISMIC REFLECTION SURVEY

Digitec Seismic Corporation of Aurora,
Colorado, collected two seismic reflection profiles
under contract for the USGS during October 1992.
Profiles E-E’ and F-F’ were located parallel to the axis
of the horst south of U.S. Highway 70 (fig. 8) to locate
any large, incised, buried arroyo channels (Moriarty,
1992). Both profiles run about northwest to southeast
and are separated by about a half mile. Profile E-E’
extends from U.S. Highway 70 toward the City of Las
Cruces landfill for about 3.1 miles and crosses profile
A-A’ in Alameda Arroyo. Profile F-F’ begins near the
City of Las Cruces landfill near the west end of profile
B-B’ and extends approximately southeast for about 1
mile. Profile F-F’ crosses profile C-C’.

Data Collection and Processing

The field instrumentation included a 48-channel
Bison Instruments 9048 signal-enhancement
seismograph. The geophone array consisted of six
Mark Products L-25 30-hertz geophones equally
spaced in a line. The seismic energy source was a Bison
EWG-3 elastic wave generator, with an accelerated
weight drop of 550 pounds.

The seismic reflection surveys were designed to
focus on a depth of about 1,200 feet (Moriarty, 1992).
Field and recording parameters included the following:

(1) Six geophones were spaced in line 8 feet
apart for each recording channel, and the
group interval was 50 feet.

(2) Shot points were located 100 feet apart in
line, providing a 1,200-percent common
depth point stack.

(3) A split spread (24 channels on each side of
the shot point), with a two-station gap,
resulted in a maximum offset of 1,250 feet.

(4) The record length was 2 seconds, with a
sampling interval of 2 milliseconds.
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(5) The processing datum selected was an
altitude of 4,300 feet above sea level.

(6) For control, the lines were surveyed and
tied to unmarked survey monuments using
estimated altitudes from 1:24,000-scale
topographic maps.

Seismic processing was completed by H.T.
Geophysical of Denver, Colorado. The processing
sequence included demultiplexing; trace editing;
geometry application; array simulation; spherical
divergence and attenuation compensation; pre-
deconvolution muting; deconvolution, with surface
consistent spiking; datum and refraction statics
application; common midpoint sort; spectral
equalization; velocity analysis; surface consistent
residual statics; velocity analysis; surface consistent
residual statics; normal moveout corrections; trim
statics; trace balance; common midpoint stack; spectral
equalization; F-Y filter; bandpass filter; and trace
balance (Moriarty, 1992).

The lengths and mean velocities for profiles E-E’
and F-F’ are:

Mean velocity

Lengthof  of surface Mean velocity of
Seismic Number of profile (weathering) layer subweathering layer
profile shot points (miles) (feet per second) (feet per second)
E-E’ 325 3.07 3,200 11,000
F-F’ 100 0.94 3,200 11,000

The interpreted seismic reflection profiles (E-E’ and
F-F’) were transformed to geologic sections (figs. 10B
and C).

Data Interpretation

Due to the long offsets (1,250 feet) and the long
shot point interval (100 feet), the shallow layer with a
weathering velocity of about 1,700 to 2,300 feet per
second (measured in the previously collected profiles;
Reynolds, 1989) was not detected during this survey,
thus the opportunity to delineate shallow seismic
horizons was hampered. Because the continuity of the
shallow reflectors was difficult to pick with confidence,
Moriarty (1992) selected a deeper seismic horizon as a
basis for mapping. According to Moriarty “. . . the
deeper horizon was then ‘projected’ to shallower
elevations.”

RESULTS OF SEISMIC REFLECTION
SURVEYS

Moriarty (1992) integrated the data bases from
his 1992 survey and Reynold’s 1989 survey, but did not
reinterpret the Reynolds (1989) data base. The deeper
seismic horizon Moriarty selected was a basis for the
geologic sections of lines E-E’ and F-F’. A colored
seismic section of the amplitude envelope trace
attribute was used to follow the faulting patterns to the
shallower altitudes in the Tertiary volcanics and the
Santa Fe Group (Moriarty, 1992). The thickness of the
Tertiary volcanic and volcaniclastic rocks, as reported
in the seismic reflection surveys in this report, may
vary from 100 to more than 1,000 feet.

The eastern extent of the buried horst has been
delineated by interpreted faults shown on profile A-A’
(fig. 9A) and profile B-B’ (fig. 9B). The Jornada fault
zone, which defines the eastern extent of the buried
horst, was delineated by the seismic survey (fig. 11).
Interpretation of the seismic profiles indicates that the
fault zone consists primarily of two normal faults
whose traces trend north-northwest; the westernmost
fault dips eastward from station 780 on profile A-A’
and from station 225 on profile B-B’; and the
easternmost fault intersects profile A-A’ at station 822
and profile B-B’ at station 272 (Reynolds, 1989). The
easternmost fault was interpreted to be nearly vertical,
to have the greatest vertical displacement, and was
presumed to be the master fault in the fault zone.

The western extent of the horst is probably
farther west of the study area. The throw of the fault
interpreted on profile A-A’ at station 65 (fig. 9A) is
only about 200 feet on top of the Tertiary volcanics and
is too small to be the master fault. Thus, constraints on
the western extent of the horst have been determined in
that the master fault(s) for the Jornada Horst is west of
the study area.

To determine the geometry and altitude of the top
of the horst, the geologic sections derived from the
interpreted seismic profiles (figs. 9 and 10) were used
to pick the top of the Tertiary volcanics for each shot
point; the resultant contour map is shown in figure 11.
The top of the horst, as depicted from the interpreted
seismic profiles, has an irregular surface that has been
shaped by a number of faults trending north-northwest
(fig. 12).
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The highest parts of the horst appear to be at
altitudes of about 4,040 feet at station 160 and about
4,070 feet at stations 270 and 280 on profile E-E’
(fig. 10B). Between those highs is a low area at an
altitude of about 3,920 feet at stations 210 and 220 (fig.
10B); this interpreted low area on the horst directly
underlies the Las Cruces Arroyo North Fork (pl. 1).
Another low area is suggested by the interpreted
seismic sections at an altitude of 3,910 feet at station
360 on profile E-E’ (fig. 10B); this interpreted low area
on the horst directly underlies Alameda Arroyo (pl. 1).
However, the genesis for these low areas cannot be
determined with existing information, and the low
areas cannot be concluded to be incised channels. In
fact, an argument could be made that the subsurface
lows shown on the seismic sections are artifacts of
invalid assumptions made in the processing of field
records--the weathering layer velocities and
thicknesses used in processing may not have been
properly adjusted to account for the different surficial
materials associated with existing arroyos.

To understand better the potential effect of the
Jornada Horst on regional ground-water flow, the
interpreted altitude of the top of the horst (from the
seismic profiles) has been compared to the water-table
altitudes in the area (from Wilson and others, 1981).
Ground-water-level data for selected wells and test
holes near the study area are compiled in table 2. The
resulting map (pl. 1) projects the top of the horst to be
higher than the water table in three areas: north of
Alameda Arroyo, extending north of U.S. Highway 70;
between Alameda Arroyo and the Las Cruces Arroyo
North Fork; and a small area between the Las Cruces
Arroyo North and South Forks. Although seismic
control on the highest part of the horst does not extend
north of U.S. Highway 70, the horst probably remains
higher than the water table north of the highway; this
would account for the apparent “damming” of ground
water and the low gradient of the water table east of the
horst and north of the highway (pl. 1), as discussed
previously.

In summary, the gross geometry of the horst--the
eastern extent, constraints on the western extent, and
general altitude of the top--was discerned by
interpretations of the seismic profiles. The presence or
absence of large channels incised into the top of the
horst could not be confirmed by those interpretations.
The seismic interpretations however, do suggest that
the water table is above the top of the horst for most of
its extent between U.S. Highway 70 and Tortugas

36

Mountain and that the top of the horst is above the
water table and acts as a subsurface flow barrier north
of U.S. Highway 70.

SUMMARY AND CONCLUSIONS

Available data indicate that little or no ground
water flows from the Jornada del Muerto ground-water
basin to the Mesilla ground-water basin over some
portions of the Jornada Horst. However, some ground
water flows through the upper Santa Fe Group deposits
above the horst. Six seismic reflection profiles were
collected in the vicinity of the Jornada Horst between
Goat Mountain and Tortugas Mountain near Las
Cruces, New Mexico, to determine more precisely the
geometry of the horst and to determine whether large,
buried channels have been incised into the top of the
horst. Incised, buried channels, if present on the horst,
could be filled with alluvial material with higher
hydraulic-conductivity values than those of the
material in the horst. Incised, buried channels would
allow ground water to readily move from the Jornada
del Muerto ground-water basin to the Mesilla ground-
water basin.

The upper part of the Jornada Horst is composed
of Tertiary volcanic and volcaniclastic rocks; these
rocks overlie Permian sedimentary rocks. The horst, in
turn, is overlain by unconsolidated sediments of the
upper Santa Fe Group as thick as at least 250 feet.
Ground-water flow immediately east of the horst near
U.S. Highway 70 is deflected northward in the southern
Jornada del Muerto ground-water basin presumably
because of the change from higher hydraulic-
conductivity values of the aquifer materials in the
southern basin to lower hydraulic-conductivity values
of the materials in the horst.

The gross geometry of the horst--castern extent,
constraints on the western extent, and general altitude
of the top--was discerned by interpretations of the
seismic profiles. The presence or absence of large
channels incised into the top of the horst could not be
confirmed by those interpretations. However, the
seismic interpretations suggest that the water table is
above the top of the horst for most of its extent between
U.S. Highway 70 and Tortugas Mountain and that the
top of the horst is above the water table and acts as a
subsurface flow barrier north of U.S. Highway 70.
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