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Basinal mudrocks and associated facies 

assigned to the Wolfcamp and lower Leonard 

lithostratigraphic units in the Midland Basin 

are prolific producers of oil and gas. Four faci-

es are recognized in core on the basis of mac-

roscopic examination, XRD analysis, and ED-

XRF elemental chemistry: (1) siliceous 

mudrock, (2) calcareous mudrock, (3) muddy 

bioclast-lithoclast floatstone, and (4) skeletal 

wackestone/packstone. Mudrocks are largely 

hemipelagic deposits of fine-grained sediment 

delivered by suspension settling. Floatstones 

were deposited by debris flows that originated 

on carbonate shelves around the basin. Wack-

estone/packstones are finer-grained sediment 

density flow deposits, probably turbidites, re-

worked by local bottom currents. These sedi-

ments were deposited below storm wave base 

in a basin having limited connection to the 

open ocean. During deposition low-oxygen 

conditions prevailed in bottom waters and sedi-

ments as shown by presence of agglutinated 

foraminifera, rarity of burrows, widespread 

prevalence of small (<6 mm) pyrite framboids, 

presence of phosphatic nodules, and elevated 

molybdenum concentrations. Total organic 

carbon (TOC) content reaches 6.8 percent. 

TOC is facies-dependent (highest in siliceous 

mudrock), and varies widely within small ver-

tical distances. Cyclicity is evident in individu-

al meter-thick, upward-fining cycles of float-

stone or wackestone/packstone, overlain by 

calcareous and siliceous mudrock. Rock 

strength increases as calcite content increases, 

likely as a result of diagenetic cementation. 

Most kerogen in the lower Leonard/Wolfcamp 

interval is in the oil-production window and 

has matured to Type II-III (“oil-gas-prone”). 
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Based on their TOC and hydrogen content, the 

siliceous mudrocks have the highest potential 

for hydrocarbon generation. 
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Conclusions
   Basinal lithofacies of the Wolfcamp and lower Leonard are composed of
interbedded mudrocks, floatstones, and wackestones/packstones.
   The upper Wolfcamp (”Wolfcamp B”) is dominated by siliceous mudrocks 
and thick muddy floatstones, whereas the lower Leonard (”Wolfcamp A”) is 
composed primarily of calcareous mudrocks and thin skeletal wackestones/
packstones.
   These strata were deposited under mostly anoxic to dysoxic conditions,
which inhibited bottom-dwelling biota and fostered preservation of organic
matter, especially in siliceous mudrocks.
   End of deposition of floatstones near the basin center, in the lower Leonard,
coincides with a significant rise in relative sea level, and an increase in
distance from backstepping carbonate shelf margins to the basin center.
   Values of TOC, rock strength, and hydrocarbon-generating potential are
facies-dependent and vertically discontinuous.
   On average, siliceous mudrocks have the highest TOC, lowest rock
strength, and highest potential for generating hydrocarbons.
   The lower Leonard and Wolfcamp are within the oil window, and average
TOC content of mudrocks is greater than 2 weight percent.
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Figure 18. Lower Leonard and Wolfcamp are in the
oil window, and maturity increases steadily with 
depth. Data provided by Weatherford Labs and 
GeoMark Research. Gas- and oil-window boundaries
after Dembicki (2009).
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Figure 17. Crossplot of hydrogen index vs. Tmax showing
that most rocks in the study area are in the oil window and
are oil-gas or gas prone. Data provided by Weatherford
Laboratories and Geomark Research.
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Figure 14. (A) - (B) Rock strength 
shows opposite trends with respect
to calcite and quartz content, 
primarily because illite, which
lowers rock strength (C), is posi-
tively correlated with quartz (D),
and negatively correlated with
calcite (E).Illite (wt%)
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UCS (MPa)
Facies n Min. Max. Ave.
Siliceous mudrock 642 21.7 88.6* 44.1
Calcareous mudrock 287 20.0 95.3 51.7
Muddy bioclast-lithoclast floatstone 125 33.8 90.2 59.6
Skeletal wackestone/packstone 473 33.7 153.4 65.4
* if one anomalously high (98.8) value is ignored

Table 3. Estimated unconfined compressive strength (UCS) 
is lower for mudrocks than for other facies.

Unconfined compressive strength (UCS)
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a calcite-rich turbidite, then calcite decreases upward. Illite and quartz 
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Facies
 

Min. TOC
 

Max. TOC
 

Ave. TOC
 

n
 

Siliceous mudrock
 

0.44
 

6.80
 

3.61
 

238
 

Calcareous mudrock 0.22 5.78 2.45 94 
Muddy bioclast-lithoclast floatstone 0.30 5.22 1.37 52 
Skeletal wackestone/packstone 0.15 4.98 1.63 170 

Total organic carbon data by facies

Table 2. Total organic carbon (TOC) is higher in siliceous mudrocks than
in any other facies. Data = 564 TOC samples from four wells. 

 

 

 

 
 

Facies 

 
 
Composition 

 
Bed 

thickness 

 
Sedimentary 
structures 

 
 

Accessories 

Primary 
depositional 
mechanism 

Depositional 
systems and 

elements 
Siliceous 
mudrock 

Mud to  very 
fine carbonate 
sand, organic 
matter, clay 

minerals, rare 
terrestrial  plant 

fragments, 
bioclasts <5% 

1 inch to 
13 ft 

Massive to weakly 
laminated 

Pyrite fram- 
boids, phos- 

phatic nodules, 
soft-sediment 

deformation,  rare 
burrows,  fissile 

locally  

Hemipelagic 
settling 

Hemipelagic 
sheets 

Calcareous 
mudrock 

Carbonate 
mud to  very 

fine carbonate 
sand, organic 
matter, minor 
clay minerals, 
bioclasts <30% 

1 inch to 6 ft Massive to weakly 
laminated 

Pyrite framboids, 
uncommon phos- 
phatic nodules, 
rare burrows  

Hemipelagic 
settling 

Hemipelagic 
sheets 

Muddy 
bioclast– 
lithoclast 
floatstone 

Matrix:  argilla - 
ceous carbonate 
mudrock,  minor 
clay minerals, 
minor  organic 

matter 
Clasts: lime- 

stone lithoclasts 
and marine 

bioclasts 

1 inch to 9 ft Sharp upper and 
lower  contacts, 
chaotic texture; 
sand to gravel- 

size clasts floating 
in fine-grained 
matrix; clast- to 

matrix -dominated  

Soft-sediment 
deformation, 

sutured grains, 
reworked  phos- 
phatic nodules, 
pyrite  mostly 

crystals on clasts 

Debris flow  Sheet  deposits 

Skeletal 
wacke- 
stone/ 

packstone 

Limestone 
lithoclasts 

and marine 
bioclasts; 

carbonate and 
minor  quartz 
sand and silt, 

carbonate mud 
matrix,  minor 
clay minerals 

0.5 inch to 
4 ft 

Erosional lower 
contacts, graded 
bedding,  cross- 
beds, ripples, 
laminae, rare 

Bouma sequence 

Soft-sediment 
deformation, 

sutured grains, 
pyrite  mostly 

crystals on clasts, 
cherty lenses, rare 

burrows  

Turbidity  flow  Sheet  deposits 

Basinal facies in cores from Wolfcamp and lower Leonard

Table 1. Characteristics of four lithofacies interpreted from cores in Reagan County. 
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Figure 7. Photographs of slabbed core showing interpreted
facies. (A) Siliceous mudrock. (B) Calcareous mudrock. (C)
Muddy bioclast-lithoclast floatstone. Unsorted, chaotic
character indicates rapid flow and deposition. (D) Skeletal 
wackestone/packstone. Letters indicate stages in Bouma 
(1962) sequence: a = graded interval; c = interval of current 
lamination; d = upper interval of parallel laminations. Absence
of interval b is due to rapid change from upper-flow to lower-
flow regime. 

Core photographs of four lithofacies

Characteristics of 
Interpreted Lithofacies
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After Blakey (2014), used with permission.
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Figure 3. Stratigraphic and operational names of formations in
the study area. Operational names are from Pioneer Natural
Resources (2013). Substages and fusulinid zones from
Wahlman and Tasker (2013), after Ross (1963) and Wilde (1990).
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Abstract
  The study summarized here, Bureau of Economic Geology Report of Investigations 281,
is a sequel to RI 277 (Hamlin and Baumgardner, 2012), a regional treatment of Wolfberry 
deep-water depositional systems in the Midland Basin. Herein are described the basinal 
mudrocks and associated facies of the Wolfcamp and lower Leonard lithostratigraphic 
units as found in cores near the center of the southern Midland Basin. 
  Four facies are recognized in core: (1) siliceous mudrock, (2) calcareous mudrock, 
(3) muddy bioclast-lithoclast floatstone, and (4) skeletal wackestone/packstone. Mudrocks 
are largely hemipelagic deposits of fine-grained sediment delivered by suspension 
settling. Floatstones were deposited by debris-flows that originated on carbonate shelves 
around the basin. Wackestones/packstones are finer-grained sediment density-flow
deposits, probably turbidites, reworked locally by bottom currents. 
  During deposition, low-oxygen conditions prevailed in bottom waters and sediment. Total 
organic carbon content (TOC) content reaches 6.8 percent. TOC is facies-dependent and 
varies widely within small vertical distances. 
  Cyclicity is evident in individual meter-thick, upward-fining cycles of floatstone or 
wackestone/packstone overlain by mudrock.
  Rock strength increases with calcite content. 
  Most kerogen in the lower Leonard-Wolfcamp interval is in the oil-production window and 
has matured to Type II-III (”oil-gas prone”). Based on TOC and hydrogen content, siliceous
mudrocks have the highest hydrocarbon-generating potential.




