Imaging Sub-basement Structures in Southeast Fort Worth Basin using
High Quality 3D Seismic Exploration Volume
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To understand the setting and behavior of a reservoir, it is equally im- Major tectonics units such as Ouachita Orogenic Belt (OOB), Southern Oklahoma Aulacogen R R I: TR T wiin /' N\ esp.
oortant to know what kind of structural and tectonic control is in the (SOA), and Llano Uplift surround the study area which lies in the southeast part of Fort Worth T _____ TSR T AN, o | 7 N\
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Paleozoic sequences of the Fort Worth Basin is well imaged and stud- Ehe Icczntpexlt oTvviison thyCEeIIanbt €n Laf” € tan \(;'ml]eL't et aFn o ( eL.er, 2809)' Bater Itr; | | - “f:f «z i ou Sy
ied amid flat lying Barnett Shale gas production, the Lower Paleozoic € late Faleozolc €ra, the LIENDUrger LIMESLoNnE, Viold LIMESTONE, FOIrestberg LIMESIonE, Barne L e A G
and Proterozoic basement and sub-basement structures are ignored Shale, Nlar.ble Falls Limestone Group was deposited in the foreland basin of the Lau.rentlzf\. The LT";”‘; N, Y - | Lower Penn.
at large. Complex tectonic units such as Ouachita thrust-fold belt, whole basin was later unconformably covered by Cretaceous and Quaternary deposits missing | R > f\’ <] \@ & > \ g Line
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Llano uplift, Lampasas Arch, and bend Arch surrounds the southeast ’lcjhpplfr Iza\i\?oztcl).‘lclzaroc.:ksf(ﬁgurj 3) (Burner&;S.mcl)snz, 201d1). Dl;e to ;htisidlﬁer:nt teitfnlc a;tlwtltehs, B e s 5\> /]
Fort Worth Basin. These tectonic units have introduced subtle folds, e FortWorth basin formed as asymmetrical and wedge shaped that pinches out toward south- | RS ‘\VKR“
large joints, some normal and thrust faults, and many collapse fea- east portion (See figure 2). The Lower Ordovician Ellenburger Group comprises porous dolomite 5 Iy’ 5'{%\/%}%‘)/ B
: : and limestone with abundant chert and is characterized by karsts, solution-collapse, and brec- | {Tl% o LS S
tures in the reservoir level. - : : - Figure 1: Regional tectonic map of Texas T TR T e
In this research, we use high quality seismic volume, and integrate it ciated structures (Loucks, 2003). Below the Ellenburger Limestone lies the basement rocks which 9 h; 9 ) ) P . — | | : s L %o Figure 3: Geological cross-section of the Fort Worth
with gravity, magnetic and geological data to answer what kind of has been interpreted as granite-diorite metasediments(?) but no well in the vicinity of the study and Gu .Coast. Major tectonic units are  rjgyre 2: The extent of Barnett Shale in the Fort  Basin along the North-South trending purple line
ctructures Iiés i1 the sub-basement of the southeast Fort Worth Basin area has penetrated below the Ellenburger Limestone. Walper, 1982 interpreted some high angle shown in the figure (modlﬁed faft.er Worth Basin. Major structural units surrounding  shown in figure 2. Normal fault and uplift on the
and how they relate to the Late Paleozoic sequences above it normal faults and graben structures mostly associated with the OOB and the Llano Uplift. Some of Keller, 2009). The .study area lies within - ¢ha phasin are shown in the figure.Burner &  basement is observed (Burner & Smosna, 2011).
these faults are exposed in the surface while most are covered by the Quaternary sediments. the open black ellipse. Smosna, 2011).
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3. Sub-basement structures in the seismic volume 4. Analysis of gravity and the magnetic data in the regional context
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Figure 4: 3D seismic data in the study area with vertical exaggeration  Figure 5: 3D seismic data in the study area with top of the base- Figure 6: Complete Bouguer Anomaly map in the Figure 7: Total magnetic intensity map of the study area after re- Figure 8: The co-rendered image of figure 7 with
of 7.5. Black arrows are showing the possible top of the basement ment horizon picked at about 1000 ms. Some folds, and possible regional context of the study area. The gravity ducing to North Pole and applying Butterworth bandpass filter. geological map of the study area (King, 1989).
(the Ellenburger Limestone). Below it are the sub-basement reflec-  thrust-faults are visible in the seismic sections. Yellow arrows indi- high related the Llano Uplift, the Ouachita Oro- Sets of black arrows show the boundaries of the Ouachita Orogenic The thrust fault system of the Ouachita Orogenic
tors with subtle folding, possible thrust, and collapse features cate some of the strong reflectors, and possible collapse features genic belt and the Southern Oklahoma Aulacogen belt. The open ellipse (in black) shows low magnetic anomaly Belt matches well with the related magnetic sig-
(shown in yellow arrows). The time section at 1400 ms shows some  extending below the basement. The vertical exaggeration in this are observed. The gravity anomaly varies by which matches with the low Bouguer Anomaly from figure 6. The natures from figure 7.
coherent reflectors. figure is of 10. almost 130 mGal in the area. magnetic anomaly in the area varies by almost 1500 nT.

(Note: the color bar used for figure 12 through 14 are same)

5. Volumetric multi-attribute
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analysis of the sub-basement structures
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Figure 9: Co-ren éred ime slice the olumet— . . o o e of the conver-  Figure 12: Co-rendered time slice of coherent energy Figure 13: Co-rendered time slice of coherent - . . .
- Co- ) : : L igure 14: Co-rendered time slice of coher-
ric attributes at 1400 ms. Convergence azimuth F|gu.re 10: F:O rendered |mage.of|nllne Selsmic gence azimuth and convergence magnitude of  with K1 and K2 principal curvatures at 1400 ms plot-  energy with K1 and K2 principal curvatures at J " q - cinal
: section with convergence azimuth and con- h d incipal d with i i he vell in th : Lo ent energy with K1 and K2 principal curva-
and convergence magnitude of the curvature, BTN NP the curvature, K1 and K2 principal curvatures at  ted with a seismic cross line. The yellow arrow inthe 1000 ms plotted with seismic lines. The yellow tures at 1400 ms plotted with seismic lines
K1 and K2 principal curvatures are used in this vergence magnitude of the curvature help to 1400 ms plotted with the seismic sections. The time slice indicates a linear trend which matches  arrows in the time slice are indicating to most Many of the interoreted karsts features in.
image. The sets of black arrows are showing visualize the linear extent of sub-basement yellow arrows indicate possible fault as discussed  with a probable fault in the seismic section whichex-  probable karsts features. Black arrows are indicat- . Y 13 extend dp ‘0 1400 ms &
: indi _ . . . . ure 13 extend down to ms time as
some linear trend of structures which is most structures. The yellf)w arrows indicate the col in figure 9 which match with the fault observed in  tends all the way up to the Barnett Shale and Marble g to a linear feature which juxtapose to another sf?own i the vellow arrows
lapse features and its vertical extent. the seismic section at the corresponding offsets.  Falls Limestone also indicated by the yellow arrow. fault in the seismic section. y '

likely faults in the sub-basement.

6. Discussion of the results 7. Future works

Although the basement and sub-basement reflectors are visible in the seismic section, they are hard to trace throughout the seismic volume. Some of these reflectors are dipping and folded. Some of the probable thrust Thehsuédy is still in thg pglellmmary phase. WVeVW|IIOI|i)|c.kII(3a;emefnt Ihorlzcc)jn Eareﬂ;lly.l Faulotiar;]d Lhrlust?c
faults on the sub-basement are visible and pickable. To improve the visibility of these reflectors, we used volumetric seismic attributes. Among them Coherent energy, K1 and K2 principal curvatures, and convergence azi- Inthe a.semer\l;c are V\':/' e'|t|0 Tome extent. el;/w P'C tdese ,Eu tsandt JUSt aL:]ts Wit btbe €P O
muth and convergence magnitude of the curvature when co-rendered helped to identify these deep sheeted faults and some of the collapse features as shown in figures 9 through 14. The karsts feature that has been geometric attributes. We will a so.use structurally oriented attri utgs to enhance these sub- asgment

: L : : ) : : : faults, thrust faults and the possible karsts and collapse features in the sub-basement. We will use
mapped in the northern part of Fort Worth Basin is also seen in the shallower section of the southeast Fort Worth Basin. However the vertical extent of these features and diagenetically altered collapsed features traced Fuler d i " - d d furth v d ,
through the Ellenburger Limestone is not clear yet. The preliminary results from this research show that they go down up to at least 1400 ms (figure 12 through 14). These features indicate that the structures seen in the Bar- uder cconvo utlznlor]l the mabggetlc ata and , urther prc;]cess gravllty .a’rc}a LO ge.ner.?ute sc|>me gravity
nett Shale are somehow related with the deep lying faults, thrust faults and collapse features. The initial analysis of gravity and magnetic data shows some promise to further understand the sub-basement structures. and magnetic modef or the sub-basement and integrate these results with the seismic volume.
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