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1.ABSTRACT
The Leonardian Series of the structurally complex Permian basin had shelf to
open marine depositional environment with many sedimentary features. In the
Midland Basin of West Texas, the Leonard Series (Lower Permian) include
siliciclastic and carbonate rocks that were deposited in deep-water marine
environments. Previous studies show the sediments were deposited as a
large basin-floor submarine fan system and are commonly interpreted as
deposits of turbidity currents. A different mass movement feature was observed on 3D seismic that is characteristic of a Mass Transport Deposit
(MTD). The following study aims at characterizing the internal and external
architecture of a MTD observed within the Upper Leonard interval in the
medial basin centered portion of the Midland Basin using 3D seismic. The
feature mapped in the study area is 5 miles wide and extends up to 14 miles
basinward. We incorporated geometric attributes to understand the shape,
size and anatomy of the MTD and how the paleobathymetry controls the
geologic evolution of the MTD.

3. MTD ARCHITECTURE AND PREVIOUS STUDY

MTD Model

Figure 4: a) A small MTD observed in the Austrain Alps;
b) Compression and extension associated with mass transport
deposit. Modified after Posamentier (2017).
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Figure 5: A) seismic cross section XX’, B) coherency slice, C) interpreted
line diagram showing the steeply dipping flanks. The big arrow indicates
the direction of sediment flow (modified after Posamentier and Martinsen, 2010).

Figure 6: Section view characterizing the chaotic internal reflectors of the MTD observed
within the Bone Springs formation of the Delaware Basin (modified after Allen, 2013).

2. STUDY AREA AND GEOLOGIC SETTING

5. RESULTS AND DISCUSSION
5.1 SEISMIC AMPLITUDE EXTRACTION

Figure 1: Paleogeography of Permian
Basin in early Permian time showing
study area in the red box (modified
from Ruppel, 2009). Spraberry trend
highlighted in yellow.

Figure 2: A simplified stratigraphic chart
correlating shelf to basin facies (modified from
Handford, 1981). The red box indicates the
stratigraphic interval in which the MTD was
deposited.

5.3 SEISMIC ATTRIBUTE ANALYSIS

Figure 8: Seismic amplitude values extracted on stratal slice showing the change in amplitude
anomalies going up the MTD stratigraphic section (left to right).

5.2 REFLECTOR CONFIGURATION

Figure 10. Top of MTD surface co-rendered with coherence and k2 anomalies highlighting the thrust faults and “v” shaped scour
marks representing gravity spreading.

4. PETROPHYSICAL ANALYSIS
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Figure 7: Well log cross section analyzing the lithology type in and
out of the MTD. The MTD mapped in the Midland Basin consists of a
mix of calcareous and siliciclastic sediments and is 350 ft thick
(Cross section in figure 11).

6. CONCLUSION
With the help of seismic attributes, we were able to
map the geomorphology of the MTD and understand
its external and internal partial deformation.
Geometric attributes are a great tool to delineate the
different features (lateral wall, thrust faults, slide/
slump) that comprises the discontinuous MTD. Well
log analysis shows the MTD is a mix of carbonates
and shales and representative of slope strata. Further
work needs to be done to understand the reservoir
potential for this feature. The presence of such mass
movements brings new insights as to how the basin
was evolving over time and help geoscientist better
understand these geologic processes with the help of
seismic data.
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Figure 9: A) NW-SE and B) W-E seismic cross section showing internal reflector configuration of
the MTD and interpreted line diagram.

Figure 11: Overall interpretation of the Upper Leonard MTD observed in the Midland basin using coherence and structural curvature attributes. The 350 ft thick MTD covers only the translational and compressional regime of the mass movement; is lobate
shape and extends up to 14 miles basinward.
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