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The migration artifacts are in part a result of the requirement of ele-
vation datuming prior to poststack migration. Because we wanted to
preserve as much of the shallow section as possible, the elevation at
the center part of the east basin segment is below datum. This results
in a data discontinuity that produces migration artifacts. The PSDM
section is migrated from elevation, so the shallow artifacts are mini-
mized. Additionally, artifacts that are present are attenuated through
CIP stacking after PSDM. The overall result is that PSDM produces
amuch clearer image of the shallow structures.

The difference in image quality is particularly evident in zones A
and B that are outlined in Figure 6. In zone A, the PSDM image clear-
ly shows a minimum vertical displacement of 25 m across the Borax

Lake Fault (BLF) at a depth of 50-75 m, whereas the stratigraphic
architecture is difficult to interpret in the poststack migrated section
(Figure 6). At this location, the problem of shallow migration noise
is compounded by the large lateral velocity gradient across the BLF.
In zone B, a small near-surface vertical displacement (<10 m) sug-
gests reactivation of a deeper secondary fault (Figures 6 and 7).
While the reflectors and structural relationships above 110 m are
clearly imaged in the PSDM section, migration artifacts in poststack
migration completely obscure the shallow section (Figure 7).

STRUCTURAL INTERPRETATION

We identify a basement high (<100 m depth)
E that divides the Pueblo Valley into two subbasins.

y This interpretation is consistent with an earlier
gravity interpretation that places a horst below

. 7 the BLHS (Cleary et al., 1981). Our study high-
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Figure 6. The east basin segment of the Pueblo Valley profile. (a) Surface elevation along
the seismic profile with surficial units indicated; (b) stack after two iterations of DMO
and stacking velocity analysis with shots locations from Figures 1 and 2 indicated; (c)
poststack Kirchhoff time migration with the stacking-velocity model shown in Figure 4a;
(d) PSDM image using the velocity model shown in Figure 4c. Migration noise in the
poststack migration obscures shallow reflections while PSDM produces a clear image
from depths of less than 25 m to greater than 800 m. Note in particular zones A and B
which are highlighted with red boxes. (Qs — Quaternary silts and sands; Tv — Tertiary

volcanics).

30 lights the structures observed across the eastern
subbasin. Figure 8 shows a symmetric basin with
near equal displacement along the eastern and
western subbasin margins. The BLHS horst is lo-
cated on the western edge of our profile and is
bounded to the east by a set of 40°, east-dipping
normal faults including the BLF. Along the east-
ern margin of the basin, we interpret a series of
30°-45° west-dipping normal faults, including
the eastern basin bounding fault (EBBF). We also
identify numerous smaller-offset faults distribut-
ed across the basin.

An angular unconformity is evident at a depth
of 200 m between 9.5 and 10.5 km immediately
west of the EBBF (Figures 7 and 8). Below this
unconformity, strata dip steeply (up to 35°) and
are truncated to the east by the EBBF. Progres-
sively steeper dips on strata along the eastern
margin of the basin suggest growth faulting and
continued deformation during and after deposi-
tion. Above the unconformity, strata dip eastward
~4° and suggest faulting continued later than the
age of the shallowest beds imaged. The unconfor-
mity likely represents a dry period when erosion
replaced deposition. Although the unconformity
may continue west of 9 km, a lack of contrasting
dips on strata with depth makes this horizon diffi-
cult to track.

Along the western margin of the subbasin, we
measure a 6° dip to the west on shallow (<100 m
depth) strata that terminate at the BLFE. This is a
50% increase in tilt of near-surface strata adjacent
to the BLF, compared to strata adjacent to the
EBBF. However, strata deeper in the basin appear
more steeply dipping along the eastern basin mar-
gin. This suggests that displacements were ini-
tially greater along the eastern basin margin if the
strata are approximately the same age with in-
creasing depth. Strain may have shifted from the
eastern margin to the BLF fault system during ba-
sin evolution. The presence of hot springs upon
the central valley horst along the western bound-
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ary of our profile supports an active western subbasin fault system
that likely includes the BLF.

There is tremendous variability in location and timing of faulting
within the basin and range both regionally and locally (Wallace,
1984), and basin styles and fault patterns vary tremendously (Effi-
moff and Pinezich, 1981; Liberty et al., 1994). For example, in the
nearby Quinn River Valley, recent faults have abandoned the basin
margin and now appear within the central portions of the valley
(Narwold, 2001; Personius and Mahan, 2005). Multiphase basin
evolution has been documented on seismic profiles across basins
within central Nevada, again suggesting transfer of strain from one
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Figure 7. (a) Poststack time-migrated image of zone B in Figure 6,
and (b) zone B from the PSDM section. PSDM produces a clear im-
age as shallow as 30 m where itis clear that the fault at 9.5 km shows
near-surface reactivation with <10 m of vertical offset. The reflec-
tions above 150 ms (110 m) are completely obscured by migration
noise in the poststack migrated section.
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Figure 8. PSDM section with final velocity model and fault interpretations overlain. A
number of steeply dipping events are imaged (event and dip are indicated in white), in-
cluding several fault planes and strata dipping into the faults. The black arrow between
9.5 and 10.5 km indicates the location of an erosional discontinuity. The region indicated
in yellow between 4 and 4.6 km indicates the approximate projection of the hot springs
trend shown in Figure 1. Recent deformation has been most active along the BLF. (Tv —

Tertiary volcanics).

fault system to another (Effimoff and Pinezich, 1981; Liberty et al.,
1994). The seismic profiles show clear angular unconformities with-
in these Nevada basins, with changing fault styles above and below
the unconformities. The data presented here provide further support
for multiphase basin development, perhaps suggesting similar basin
evolutions. However, all of these studies lack the dating control re-
quired to determine if the change in extensional style occurred at the
same time.

CONCLUSIONS

Overall, PSDM analysis produced good image results at depths
ranging from 25 m to greater than 700 m. Accurately measuring the
interval velocity field through reflection tomography proved to be a
valuable aid in interpreting depth to basement since a well-defined
reflection from the volcanic sequence was not present across much
of the section. PSDM proved to have a number of advantages over
poststack time migration, particularly in the shallowest 100 m of the
basin. These included accurate datuming, reduced migration arti-
facts after CIP stacking, and accurate imaging in the presence of
large lateral velocity contrasts. While these are the commonly recog-
nized attributes of PSDM, it is rarely utilized in the realm of shallow
seismic reflection. With ever-decreasing computational costs, which
historically have been a primary limitation of advanced processing
in shallow investigations, we believe that PSDM can and should be-
come a standard tool in shallow, high-resolution seismic reflection
experiments.
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