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Introduction  

 

Two broad types of petroleum systems are being exploited in the United States, and 

elsewhere across the globe today ï conventional and unconventional (Pollastro, 2003).  

Unconventional reservoirs containing both oil and gas are currently the center of attention in 

numerous petroleum basins in the United States.  It was the pioneering success of drilling and 

completion techniques (horizontal drilling and hydraulic fracturing) by Mitchell Energy and 

Devon Energy that paved the way for a world-class unconventional gas play, the Barnett Shale in 

the Fort Worth Basin.  The Fort Worth Basin is a shallow basin, elongate from north to south, 

extending through north-central Texas (Montgomery et al., 2005).  With the recent success of 

completing economic wells in this unconventional reservoir, the Barnett Shale has been deemed 

ñone of the most important unconventional gas shalesò (Abouelresh and Slatt, 2010) and has 

fueled exploration in similar plays throughout North America (Singh et al., 2009).   

Since significant production of the Barnett Shale came online in 1993, approximately 10.8 

TCF (trillion cubic feet) of natural gas have been produced from the Barnett (Texas Railroad 

Commission, 2013).  Discovered by George Mitchell in 1981, the Newark East Field, which 

produces hydrocarbons from the Barnett in the northern part of the basin, is one of the largest 

producing gas fields in the U.S. behind the Marcellus and Haynesville Shale, producing from 

twenty-four different counties in north-central Texas (Texas Railroad Commission, 2013).  

According to the Texas Railroad Commission, as of April 16, 2014, 17,546 wells have been 

drilled and completed in the Barnett Shale in the Newark East field of the Fort Worth Basin.  

With the combination of favorable economic and technological advances in drilling and 

completion methods in the Barnett Shale there is now an increased interest and activity in 
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exploring for and developing other similar unconventional shale gas reservoirs (Curtis, 2002), 

and more recently due to a stable market price, shale oil reservoirs (Figure 1).   

Unconventional petroleum systems are continuous accumulations of hydrocarbons that have 

not been expelled and migrated to conventional reservoirs from carbonaceous mudstones due to 

the fine-grained nature and low permeability of the source rock.  Unconventional plays are ñself-

contained source-reservoir systemsò (Pollastro et al., 2007).  These include shale reservoirs, 

coalbed methane deposits, and accumulations that are separate from the water column and not 

affected by buoyant forces (Curtis, 2002; Schmoker, 2002).  The Barnett Shale is a continuous 

type accumulation.  Strata within the formation act as the source, reservoir, and seal (Pollastro, 

2003).  Continuous type accumulations extend over large areas, have source rocks either 

associated or within the reservoir rocks, and are pervasively charged with gas and/or oil 

(Schmoker, 2002).  Gas and liquid petroleum generated from the Barnett is the product of a 

complex thermal history (Breyer et al., 2012).  The necessary thermogenic conditions to generate 

hydrocarbons are achieved when the organic rich material within the source rock is either buried 

to a depth where geothermal heat and pressure have converted the kerogen to hydrocarbons or 

the source rock has been exposed to hot fluid flow (Jarvie et al., 2007). 

Shale reservoirs with carbonaceous rich mudstones have long been viewed as homogenous, 

widespread and highly continuous (Loucks and Ruppel, 2007).  If true, this would suggest the 

lithology comprising the Barnett Shale lacks variation throughout the extent of the Fort Worth 

Basin.  However, Breyer et al. (2012) propose that the sedimentary packages in the Barnett are 

highly variable and cannot be correlated across the basin.  This suggests that the Barnett is much 

more heterogeneous than previously assumed and the facies within it vary stratigraphically and 

geographically (Breyer et al., 2012).  Most of the early activity and production from the Barnett 

Shale is from areas of the basin in the dry gas window.  Despite a surge of interest in shale-gas  
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Figure 1:  Map of the United States map showing the currently active shale oil and gas 

plays. (Figure taken from Energy Information Administration, 2012)  
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reservoirs, modern sedimentologic and petrographic studies of the Barnett Shale in the Fort 

Worth Basin are relatively few in number.  Detailed works on the Barnett that have been 

published (Papazis, 2005; Bunting, 2007; Hickey and Henk, 2007; Loucks and Ruppel, 2007; 

Monroe, 2009; Singh et al., 2009; Slatt and Abouelresh, 2012), but only from the gas-generating 

window.  Declining gas prices have led producers in the basin to shift their exploration efforts 

and drilling activity to the northern portion of the basin where the shale is in the oil window.  

EOG Resources has coined the term ñBarnett Shale Combo Playò for the oil window, which is 

located along the northeastern most edge of the Fort Worth Basin.  EOG and Pioneer Resources 

are the major operators that are currently active in drilling and completing oil wells in the Barnett 

Shale in Cooke and Montague counties.  A detailed analysis of a Barnett core from the oil-

generating window in the northern Fort Worth Basin has yet to be published.  However, in order 

to identify, target, and exploit this tight (low permeability and porosity) reservoir and drill 

economic wells, it is necessary to understand the lithology and the depositional and diagenetic 

history of the shale in the northern portion of the basin.  Thus, detailed studies of core taken from 

the oil-generating window will be important to further development of hydrocarbons in the Fort 

Worth Basin and other similar basins elsewhere.  

The present study provides a detailed analysis of a Barnett Shale core recovered from a well 

in the oil window in the northern Fort Worth Basin.  The well is the Dangelmayr A#7 that is 

located near the Muenster Arch in Cooke Co., Texas and it has been provided to TCU by EOG 

Resources.  The core is continuous, 762.6 ft. (232.4 m) in length, and is from the lower member 

(below the Forestburg Limestone) of the Barnett.  Macroscopic description includes noting of 

color, grain size, sedimentary structures, diagenetic features, structural deformation, and 

fractures observed in the core.  Thin section photomicrographs are also used noting grain size, 

composition, and diagenetic features to aid in identifying different facies.  The core description is 
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tied to well logs and is a critical component in establishing a stratigraphic framework.  A series 

of well log cross sections and maps are used to define the distribution of vertical and lateral 

facies throughout the study area.  To indicate organic type and maturity, Rock-Eval pyrolysis and 

ȹ log R methods are utilized.  The results should provide insight into the depositional and 

diagenetic history of the Barnett Shale in the northern part of the basin.  It also provides clues to 

help understand oil production from this petroleum-rich unconventional reservoir. 

 

Geographic and Geologic Setting 

The Fort Worth Basin, located in north-central Texas, is a north-south elongated basin covering 

approximately 15,000 mi² (38,850 km²) (Montgomery et al., 2005).  The basin is limited 

structurally to the west by the Bend Arch, to the south by the Llano Uplift, to the east by the 

Ouachita Thrust Belt, and to the north by the Red River and Muenster Arches (Walper, 1982) 

(Figure 2).  The axis of the Fort Worth Basin parallels the Muenster Arch and then bends south 

to parallel the Ouachita structural front (Jarvie et al., 2007).  The Fort Worth Basin is wedged 

shaped.  Basin fill thickens and deepens to the northeast against the Muenster Arch, where it 

reaches a maximum thickness of about 12,000 feet (3,658 m) (Montgomery et al., 2005). 

The Fort Worth Basin is one of several foreland basins formed during the Paleozoic 

Ouachita orogeny, which created the accommodation space by causing relative sea level rise and 

crustal downwarping (Loucks and Ruppel, 2007).  It was formed by a collisional tectonic event 

involving thrust-fold deformation during the collision and formation of the super-continent 

Pangea (Walper, 1982).  From the Cambrian to the Ordovician, the area that is now the Fort 

Worth Basin was part of a stable cratonic shelf with deposition of mostly carbonates.  The 

Barnett Shale was deposited on top of the Ordovician Ellenburger unconformity during the 

formation of the foreland basin and a local flooding event in the late Mississippian (Adams, 

Figure 3: 
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Figure 2:  Regional structural map of the Fort Worth Basin.  The Newark East field and 

Barnett Combo play locations are also displayed.  Contours are drawn on top of the 

Ordovician Ellenburger Group. Contour interval = 1000 ft. (305 m). Modified from 

Montgomery et al.(2005).  
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1954; Henry, 1982; Pollastro et al., 2007).  Paleogeographic reconstructions for the 

Mississippian show the Fort Worth Basin as a relatively deep basin caught between two 

approaching paleocontinents, Gondwana and Laurussia (Blakey, 2013) (Figure 3).  This inland 

seaway occupied what is now the southern margin of the United States.  The seaway was 

bounded on the west by a shallow water carbonate shelf (Chappel Shelf) and to the south and 

east by an island arc (Caballos Arkansas Island Arc) (Loucks and Ruppel, 2007).  These two 

regions form the dominant sediment source areas for the Fort Worth Basin.  Hemipelagic plumes 

and density flows from the Chappel shelf probably provided carbonate debris to the basin and the 

Caballos Arkansas Island Arc was most likely the provenance for the terrigenous clay to silt 

sized sediment such as quartz and feldspars (Loucks and Ruppel, 2007).  Loucks and Ruppel 

(2007) suggest that the circulation of the ocean within the seaway was probably restricted, which 

is the reason for anoxic conditions evident in the Barnett strata.  The water depths are difficult to 

define with certainty.  Loucks and Ruppel (2007), estimate that the water depths during the 

deposition of the Barnett were between 400 ft. (122 m) and 700 ft. (213 m).  

 

Stratigraphy and Deposition 

The Barnett Shale was deposited in the Mississippian when the Laurussian paleocontinent was 

flooded after a long period of exposure in the middle Paleozoic (Kier et al., 1980).  Within the 

basin, the Mississippian Barnett Shale inter-fingers with and overlies the Mississippian Chappel 

Limestone (when present), Ordovician Viola Limestone, Simpson Group and Ellenburger Group, 

with a major unconformity where the Silurian and Devonian are missing (Zhao et al., 2007).  The 

Barnett Shale is overlain conformably by carbonates and shales of the Early Pennsylvanian 

(Morrowan) such as the Marble Falls Limestone (Kier et al., 1980; Henry, 1982) (Figure 4).  The 

basin contains 4,000-5,000 ft. (1,220 m-1,520 m) of lower Paleozoic sediments 

Figure 3: 
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Figure 3:  Paleogeographic reconstruction of the two paleo-continents converging during 

the Late Mississippian (~325 Ma).  Approximate extent of the Fort Worth Basin is 

indicated by the red polygon. Modified from Blakey (2013). 
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and 6,000 -7,000 ft. (1,830 m-2,130 m) of Pennsylvanian clastics and carbonates (Meckel et al., 

1992).  The Simpson Group and the Viola Limestone are only present in the northeastern portion 

of the basin (Bowker, 2002).  The Ellenburger Group crop out around the Llano Uplift and is 

9,000 feet (2,740 m) below sea level at the Muenster Arch (Breyer et al., 2012).  Across the 

northern extent of the Fort Worth Basin, the Barnett interval can be divided into two units called 

the upper and lower Barnett.  The Forestburg Limestone, a carbonate unit, divides the interval 

(Loucks and Ruppel, 2007).  In the deepest part of the basin, where the Barnett deposition is 

greatest, the Barnett is interbedded with thick limestone units (Pollastro et al., 2007).  Bowker 

(2007) who analyzed core, stated that the interbedded limestone units are sub-marine debris 

flows that most likely came from a provenance north of the present basin center in southern 

Oklahoma. 

Structure 

The Fort Worth Basin contains both major and minor faults, folds, fractures, and karst features 

(Montgomery et al., 2005).  The eastern rim of the basin contains thrust-fold structures where the 

Laurussia and Gondwana paleocontinents collided (Walper, 1982).  However, faulting associated 

with the thrusting of the Ouachita front in the Fort Worth Basin is minor as ñthe basin is 

essentially a ramp dipping into and under the thrustsò (Meckel et al., 1992).  Basement-involved 

reverse and strike-slip faults exist along the southern margins of the Red River and Muenster 

Arches (Henry, 1982).  Henry (1982) suggested that faulting in eastern Montague and Cooke 

Counties near the Muenster and Red River Arches has removed the entire pre-Pennsylvanian 

record and a minimum of approximately 1,000 ft. (300 m) of the Barnett Shale.  At the Muenster 

Arch, Precambrian granite, schist, diorite, and diabase are overlain by Late Pennsylvanian 

clastics (Flawn et al., 1961).  The southwestern flank of the Muenster Arch is the Saint Jo  
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Figure 4: Generalized stratigraphic column of the Fort Worth Basin.  The expanded 

section shows the stratigraphic variation within the basin from the southwest to the 

northeast. V-S = Viola-Simpson Group. Modified from Montgomery et al. (2005). 
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Element, which consists of two parallel high angle reverse faults that are approximately two 

miles (3 kilometers) apart (Henry, 1982).  The northeasterly fault juxtaposes Precambrian strata 

against Ordovician aged strata and the fault to the southwest causes Ordovician strata to subcrop 

opposite Barnett and Marble Falls Formations marking the northeastern limit of the Barnett 

Shale (Figure 5). 

One of the more prominent faults along the northern end of the basin is the Mineral Wells 

fault, which is a northeast-southwest structure bisecting the Newark East field (Montgomery et 

al., 2005).  The Mineral Wells fault is a basement feature that does not seem to be related to the 

Muenster or Red River Arches or thrusting along the Ouachita front (Montgomery et al., 2005).  

However, this feature played a major role in the depositional characteristics, thermal history, and 

hydrocarbon migration in the northern part of the Fort Worth Basin (Pollastro, 2003).  The basin 

also contains high-angle normal faults and graben features that exist in the southern portion of 

the basin and are related to the Llano uplift (Montgomery et al., 2005). 

 

Previous Work 

In the last few years, there has been an increasing interest in the Barnett and other 

unconventional resource plays.  Following the development, several other oil and gas plays have 

emerged and have proven successful not only from the production of natural gas but, more 

importantly, mixed oil and gas.  Some of the more recent oil plays from unconventional 

reservoirs include: Bakken (North Dakota), Eagle Ford (South Texas), Utica (Ohio), Avalon 

(Southeast New Mexico), Bone Spring (Southeast New Mexico), and Wolfcamp (Delaware and 

Midland Basins).  Each of the aforementioned plays is unique and different and requires 
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Figure 5: Structural contour map of the Pennsylvanian Unconformity in Montague Co. 

Beds as young as Marble Falls are eroded at the crest of the Saint Jo-Nocona fault 

marking the northeastern boundary of the Barnett Shale. CI=500 ft. (Modified from 

Henry, 1982) 
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individual study to become a successful unconventional resource play.  Even within a particular 

play or basin, an unconventional reservoir can vary considerably depending on the geographic 

area of the basin the reservoir is present because of differing structural and thermal histories and 

source provenances during deposition (Figure 6). 

Loucks and Ruppel (2007) investigated the lithofacies and depositional settings of the 

Barnett Shale in the Fort Worth Basin using core studies integrated with wire-line log data.  

Their study was based on core from four different wells.  Three of the cores were from the 

northern part of the basin in Wise County (Devon Energy ï Adams Southwest #7, Mitchell 

Energy ï Blakley #1, and Mitchell Energy ï T.P. Sims #2) and the other core was from the 

western part of the basin in Erath County (Cities Service ï St. Clair #1).  Their main objectives 

were to define and describe the depositional setting and diagenesis of the Barnett. Three 

depositional facies from the four cores were described: 1) laminated siliceous mudstone 2) 

laminated argillaceous mudstone, and 3) skeletal argillaceous lime packstone.  The siliceous 

mudstone is the most common lithofacies in the upper and lower shale members of the Barnett.  

It is composed of lime and silt-size carbonate fragments in a matrix of argillaceous material and 

cryptocrystalline quartz.  Skeletal packstone was found in both the upper and lower members, 

but is more dominant in the lower one.  Loucks and Ruppel (2007) also noted concretions and 

hardgrounds, formed when sediment on the seafloor was lithified before being buried.  

Hardgrounds are common in the upper and lower members of the Barnett, but are not found in 

the Forestburg Limestone.  The Forestburg Limestone is composed almost entirely of laminated 

argillaceous lime mudstone and is also present in thinner intervals of the lower Barnett.   

 Papazis (2005) used outcrops, four cores (Mitchell Energy ï T.P.Sims #2, Cities Service 

St. Clair #1, Devon Energy ï Adams Southwest #7, and Rife Energy ï Inglish #1 (rotary  



14 
 

  

Figure 6: Thermal maturity map of the Barnett Shale in the Fort Worth Basin.  Published 

works on Barnett Shale whole core are indicated by the blue dots. Modified from 

Pollastro et al. (2007) 
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sidewall core)), and thin sections, as well as back-scattered electron and cathodoluminescence 

microscopy, to characterize the lithology of the Barnett Shale.  He recognized five different 

lithologies in the Barnett including 1) black shale, 2) silt-rich black shale, 3) coarse-grained 

accumulations containing calcite and phosphate-rich varieties, 4) calcite-rich mudrock grading 

into limestone, and 5) concretions.  Grain types were also identified and categorized as being 

either extrabasinal or intrabasinal particles.  Papazis (2005) research concludes that the Barnett 

Shale contains a variety of lithologies that are a result of important environmental variations.  He 

also concludes that the distribution of the variety of lithologic types aid in the understanding of a 

regional environmental/stratigraphic model which can be further linked to mechanical properties 

(Papazis, 2005), that are critical in identifying horizontal targets and beneficial to well 

completion practices.  

Hickey and Henk (2007) recognized six lithofacies in the sections from the lower portion 

of the core from Mitchell T.P. Sims #2 well from Wise County, Texas.  The most common facies 

include 1) organic-rich black shale with a micropeloidal texture, 2) fossiliferous shale, 3) 

phosphatic shale, 4) dolomite rhomb shale, 5) dolomitic shale, and 6) concretionary carbonate.  

In this core 1) black shale and 2) fossiliferous shale are the most common.  Total organic carbon 

values were measured for each rock type and varied by a factor of nearly two (Hickey and Henk, 

2007).  Deposition of the recognized lithofacies is attributed to suspension fallout, sediment 

gravity flows, and microbial alteration of organic matter. 

Singh et al. (2009) and Slatt and Abouelresh (2012) both provide a detailed stratigraphic 

analysis including physical, chemical and biological characteristics of the Barnett in core from 

the northern part of the basin.  They identify ten lithofacies, which include 1) siliceous non-

calcareous mudstone, 2) siliceous calcareous mudstone, 3) micritic/limy mudstone, 4) bottom 

current laminae deposit (calcite rich laminae deposited horizontal and parallel to bedding), 5) 
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fossiliferous deposit, 6) silty-shaly interbedded deposit, 7) phosphatic deposit, 8) dolomitic 

mudstone, 9) resedimented spiculitic mudstone, and 10) concretions.  Slatt et al. (2008) suggest 

that the lithofacies are genetically related and present cyclical stacking patterns controlled by the 

depositional environments.  Slatt et al. (2008) identified and generated isopach maps of nine 

gamma ray ñparasequencesò in the lower Barnett and five gamma ray ñparasequencesò in the 

Upper Barnett.  In subsequent journal articles, Slatt and Abouelresh (2012) use the term gamma 

ray ñpatternsò rather than gamma ray ñparasequencesò. 

 Bunting (2007) conducted a detailed petrographic analysis of core from the EOG Two-

O-Five well in Johnson County, Texas. Five distinct facies were identified and described: 

laminated silty-claystone to siltstone, limey layers composed of calcitic material, concretions, 

compacted silt to sand size shell fragments, and dark clay-rich mudstone. Bunting (2007) also 

noted that composition and mineralogy vary with depth and basin geography. 

Monroe (2009) utilized well log correlation coupled with core and thin section 

descriptions from EOG Gordon SWD, Hill County, Texas, and the Two-O-Five to map the 

stratal architecture of two shale wedges in the Barnett.  She recognized five major facies with 

eight subfacies.  Major facies include: 1) dark mudstone or claystone, 2) siltstone, 3) phosphatic 

facies, 4) compacted shell layers, and 5) calcite concretions.  Subfacies correspond to the major 

facies and are classified based on organic richness, mineralogy, stratification types, and grain 

size.  Monroe (2009) concluded that various units were deposited from the north as a function of 

eustacy and from the encroaching Ouachita fold-thrust belt.  

Kuhn (2011) constructed a stratigraphic framework of the Barnett using well logs and 

XRD data to define mineralogic and lithologic trends.  He defined three facies belts for a 

reservoir model 1) shelf margin carbonates 2) slope carbonates and 3) basinal organic-rich shale.  
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Kuhn (2011) also concluded that the organic richness of the Barnett decreases radially from 

southeastern Tarrant County. 

Methodology 

 

Core Description: 

EOG Resources provided slabbed core (1/3 end) from the Dangelmayr A #7, Cooke 

County, Texas for this study.  The location of the core is from the most north-eastern extremity 

of the Fort Worth Basin adjacent the Muenster Arch.  The cored interval is from a measured 

depth of 7,228 feet (2,203 m) to 7,990.6 feet (2,435.5 m).  The interval is continuous and there is 

a total of 762.6 feet (232.4 m) of core described.  Eleven different facies are identified and 

described.  Characteristics noted are color, grain size, sedimentary structures, diagenetic features 

and fractures.  Color was determined using a Munsell soil color chart.  Visual inspection was 

aided with a 21mm 10X hand lens and a low powered binocular microscope.  Presence of 

carbonate material was detected with the application of dilute HCL. 

 

Thin Section Images: 

 Based on the macroscopic core description, 115 thin section images were provided by 

EOG Resources for a qualitative petrographic analysis noting clay to silt ratios, abundance of 

calcite, quartz and other grains, fossil assemblages, sedimentary structures, depositional fabric, 

and diagenetic features.  Thin section slides were not available to utilize proper optical 

mineralogy techniques.  Thin section images are used to aid in classifying the different 

lithologies and recognizing diagenetic alterations observed in the Dangelmayr A#7 core.  The 

petrographic images are of three different magnifications, 16X, 50X, and 200X.  Thin sections 



18 
 

were impregnated with epoxy blue dye and stained with alizarin red S.  Alizarin red S stains 

calcite and aragonite minerals pink to red, Fe dolomite minerals mauve to blue, ankerite end 

members blue, and will not stain pure dolomite or quartz minerals. 

Geochemistry: 

 Four samples were provided by EOG for a geochemical source rock analyses and the 

tests were completed by GeoMark Research, Ltd.  Core description and elevated gamma ray 

values were used to identify samples from the organic rich interval of the lower Barnett.   Direct 

and indirect data derived from the source rock analyses include carbonate percentage, TOC (total 

organic carbon), Rock-Eval pyrolysis, and calculated Ro (Vitrinite Reflectance) from Tmax. 

 The four samples provided are not sufficient for a thorough TOC analysis and an indirect 

method using the æ log R technique with digital well log data was applied to calculate TOC.  The 

Passey method utilizes the sonic (sonic transit time) and resistivity (Ohm/m) log curves to 

accurately predict TOC in both carbonate and clastic source rocks (Passey et al., 1990).  The 

curves are scaled to a point where they overlay or parallel one another in an identified fine-

grained, water saturated, non-source rock interval.  The two curves parallel one another in an 

organic lean, water-saturated rock because both curves respond to variations in formation 

porosity (Passey et al., 1990).  In hydrocarbon reservoir rocks or organic-rich source rocks, a 

separation between the sonic and resistivity will occur.  Curve separation is due to the presence 

of low density kerogen and expelled hydrocarbons in mature organic-rich rocks (Passey et al., 

1990).  A æ log R and a TOC value is determined from the separation of the two curves using the 

algebraic expressions (1) and (2) below.  

æ log R = log10 (R/Rbaseline) = 0.02 * (æt - ætbaseline) (1) 
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TOC = (æ log R) * 10 
(2.297 ï 0.1688 * LOM)

 (2) 

Where æ log R is the curve separation measured in logarithmic resistivity cycles, R is the 

resistivity (ohm-m) from the resistivity tool, æt is the measured transit time (Õsec/ft), Rbaseline is 

the resistivity corresponding to the ætbaseline value when the two curves overlay one another in a 

non-source, very fine grained rock, and 0.02 is based on the ratio of -50µsec/ft. per one 

logarithmic resistivity cycle (Passey et al., 1990).  TOC (wt. %) is then derived where LOM 

(level of maturity) is known from Rock-Eval pyrolysis of the four samples. 

 

Well Log Analysis: 

 229 raster imaged logs were used to correlate and map stratigraphic units throughout the 

study area (Appendix).  Several north-south and east-west cross sections were also constructed 

from the raster images and digitized log curves to demonstrate change in stratigraphy within the 

basin.  The lithology and the structure of the Barnett Shale interval changes considerably north of 

the core producing area of the Fort Worth Basin and it is necessary to correlate and map the 

varying lithologies and structural features to understand the depositional environment.  The vast 

majority of the well logs utilized are induction logs where the only curves correlated are gamma 

ray, spontaneous potential, and resistivity/conductivity.  EOG provided digital log data for the 

Dangelmayr A#7 containing gamma ray, spontaneous potential, resistivity, density (NPHI and 

DPHI), sonic, and photoelectric (PE) data used for correlation and calculation of TOC from the æ 

log R technique.  
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Table 1: Lithofacies observed and described from core and thin section images. 

FACIES DESCRIPTION FEET % of CORE

A Laminated Silty, Calcareous, Organic Mudstone 377.2 49.46%

B Skeletal Grainstone/Packstone (Debris Flow Deposits) 88.3 11.58%

C1 Bioturbated, Calcareous, Spiculitic Packstone 41.4 5.43%

C2 Laminated, Calcareous, Spicultitic Packstone 72.3 9.48%

D Laminated, Skeletal Wackestone 146.1 19.16%

E1 Skeletal, Pelletal Grainstone 3.9 0.51%

E2 Brecciated, Skeletal Grainstone 8.25 1.08%

E3 Massive, Skeletal Packstone 8.9 1.17%

F Dolomitic, Skeletal Packstone 4.48 0.59%

G Cacite Spar 3.1 0.41%

H Dolomitic, Skeletal Mudstone (Micrite) 8.7 1.14%

Total 762.63 100.00%
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Figure 7: Illustration of interpreted lithology vs. core gamma ray and wireline log 

response (resistivity, porosity, and bulk density). TOC (Total Organic Carbon) derived 

from the Passeyôs æ log R method is presented in track 5.  The red triangles represent 

sampled depths for thin section photomicrograph images. 
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Core Description:  

 

 Eleven facies are recognized in the Dangelmayr A#7 core and were observed on a foot-

by-foot interval.  The lithologies vary throughout the cored interval and some are more abundant  

than others (Table 1).  Identification and classification of the different lithofacies was achieved 

through macroscopic and microscopic descriptions, and correlation of core to logged coregamma 

ray and open-hole logs (Figure 7).  All facies are classified based on Dunhamôs (1962) criteria 

for carbonate rocks. 

 

Facies A (Laminated Silty Calcareous Carbonaceous Mudstone) 

 Facies A is a dark gray to black (3N gray) laminated, silty, calcareous, carbonaceous 

mudstone that is present in the lower section of the core from 7,495 ft. (2,319 m) to 7,990.6 ft. 

(2,435.5 m) comprising 49.5% of the entire cored interval (Figures 8-16).  Laminations range in 

thickness from sub-millimeter to millimeter alternating between carbonaceous mud and 

calcilutite laminae.  Sub-millimeter stratifications are horizontal, parallel, continuous and mostly 

uninterrupted.  The sub-millimeter laminae are observed mostly in the lower portion of the core 

from 7,902 ft. (2,408.5 m) to 7,990.6 ft. (2,435.5 m).  The laminae are composed of well sorted 

fine to medium sized, angular-subangular bioclastic calcilutite grains and effervesce vigorously 

to the application of HCL.  Identified carbonate constituents are calcareous sponge spicules and 

unidentifiable skeletal fragments.  Millimeter thick laminae (1 mm to 2 mm) are observed in 

various forms.  Laminae are horizontal, parallel, lenticular, continuous, and discontinuous.  Some 

stratifications have scour and fill structures with low angle ripple cross laminae and mud drapes 

at the tops of the laminae.  Starved ripples and inverse grading are also identified.  The coarser  
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Figure 8: Photo of laminated, calcareous, silty, carbonaceous mudstone (facies A) in core 

(7,986.1 ft. (2,434.1 m) -7,986.6 ft. (2,434.3 m)).  Note the sub mm parallel laminae. Core 

is 3 in. (7.5 cm) wide. 
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Figure 9: Photomicrograph (16X) of laminated, calcareous, silty, carbonaceous 

mudstone (facies A). Note the thin and coarse calcareous laminae.  Thin laminae are even 

and parallel. Coarse laminae are wavy and parallel.  White box is the field of view for the 

50X photomicrograph. (7,875.55 ft. (2,400 m)) 

Figure  10: Photomicrograph (50X) of laminated, calcareous, silty, carbonaceous 

mudstone (facies A). Grains stained pink are composed of calcite.  Notice the coarse 

laminae are dominantly calcite (calcareous sponge spicules).  The clay matrix is host to 

sub-angular quartz grains and bio-clastic carbonate grains.  The white box is the field of 

view for the 200X photomicrograph. (7,785.55 ft. (2,400 m)) 
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Figure 11: Photomicrograph (16X) of laminated, calcareous, silty, carbonaceous 

mudstone (facies A).  Note lenticular laminae, differential compaction, and coated pyrite 

nodule (opaque).  The white box is the field of view for the 50X photomicrograph.  

(7,785.5 ft. (2,373 m)) 

  

Figure12: Photomicrograph (50X) of laminated, calcareous, silty, carbonaceous 

mudstone (facies A).  Note pyrite (opaque) in calcareous lamina, detrital quartz grains, 

and compacted agglutinated foraminifera.  The white box is the field of view for the 

200X photomicrograph. (7,785.5 ft. (2373 m)) 
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Figure 13: Photomicrograph (16X) of laminated, calcareous, silty, carbonaceous 

mudstone (facies A). Note the coarse calcareous laminae and the basal scour and fill. The 

laminae are continuous, lenticular and parallel.  The white box is the field of view for the 

50X photomicrograph (7,695.5 ft. (2,345 m)) 

Figure14: Photomicrograph (50X) of laminated, calcareous, silty, carbonaceous 

mudstone (facies A).  Note the abundance of calcite silt-sized grains both in the laminae 

and in the clay matrix.  The grains in the laminae are mostly calcareous sponge spicules.  

Also note the compacted agglutinated forams in the matrix.  The white box is the field of 

view for the 200X photomicrograph. (7,695.5 ft. (2,345 m)) 
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Figure 15: Photomicrograph (16X) of faintly laminated, calcareous, silty, carbonaceous 

calcareous mudstone (facies A).  Note faint laminae and horizontally oriented allochems.  

Agglutinated forams are light colored and carbonate grains are pink.  The white box is the 

field of view for the 50X photomicrograph. (7,681.6 ft. (2,341.3 m)) 

Figure 16: Photomicrograph (50X) of faintly laminated, silty, calcareous mudstone 

(facies A).  Note agglutinated forams, skeletal fragments, and quartz silt grains.  The 

white box is the field of view for the 200X photomicrograph. (7,681.6 ft. (2,341.3 m))  
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laminae are composed of medium calcilutite (~ 0.016 mm) to fine calcarenite (~ 0.125 mm) 

grains of carbonate bio-clasts and fine grained (~ 0.008 mm) sub-angular quartz silt.  Identified 

allochems entrained in the laminae are calcareous sponge spicules and skeletal fragments.  A 

small percentage of the skeletal clasts are dolomitic indicated by mauve blue staining.  The clay 

matrix is dark gray (2N-3N) to black, silty carbonaceous mud.  Suspended in the organic mud are 

compacted agglutinated siliceous forams, medium silt (~ 0.016 mm) sized grains of detrital 

quartz, and calcareous skeletal fragments.  Pyrite is abundant in the clay matrix and laminae and 

bioturbation is rare to absent.  Near vertical open and healed fractures are also observed.  The 

healed fractures are commonly filled with calcite.  Log response for facies A is identified by an 

elevated gamma ray (API units) response and an increase in density (DPHI) and neutron (NPHI) 

porosity. The density porosity values range from 11% to 16%. 

 Open and partially open fractures are identified from the FMI (Formation Mirco-Imager) 

log.  The partially open and open fractures throughout facies A are all oriented west- northwest 

(~ 300° azimuth) and the fracture planes are near vertical with dips ranging from 85° to 90°.  

Microfractures are rare, but when present they are healed with calcite cement.  FMI interpreted 

bedding planes dip 8° to 10° to the west-southwest (~ 257° azimuth).   

 

Facies B (Skeletal Grainstone/Packstone) 

 Skeletal packstone occurs mostly in the lower section of the core from 7,665 ft. (2,336 m) 

to 7,990 ft. (2,435 m) and comprises 11.6% of the cored interval (Figures 17-21).  This facies is 

5N gray and interbedded within the laminated silty calcareous carbonaceous mudstone (facies 

A).  Bed thickness ranges from inches (tens of millimeters) to several feet (several meters).  The 

majority of the clasts are intact fossil assemblages, unidentifiable fossil fragments and shale rip-  
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Figure 17: Photo of skeletal packstone (facies B) in core.  Note the abrupt upper and 

basal contact with the dark colored mudstone. Also notice the dark, angular, mudstone 

rip-up clasts dispersed randomly in the bed. Core is 3 in. (7.62 cm) wide. (7,977.8 ft. 

(2,431.6 m) ï 7,978.7 ft. (2,431.9 m) 
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Figure 18: Photomicrograph (16X) of skeletal (crinoidal) packstone/grainstone (facies 

B). Note the abrupt contact between the fine and coarse grained bioclastic detrital. Also 

notice the calcite healed fracture.  The white box is the field of view for the 50X 

photomicrograph. (7,794.4 ft. (2,375.7 m))  

Figure 19: Photomicrograph (50X) of skeletal packstone/grainstone (facies B). Note the 

partially dolomitized bioclasts.  The white box is the field of view for the 200X 

photomicrograph. (7,794.44 ft. (2,375.7 m m)) 
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Figure 20: Photomicrograph (16X) of skeletal (crinoidal) packstone (facies B).  The 

white box is the field of view for the 50X photomicrograph. (7,804.1 ft. (2,378.7 m)) 

Figure 21: Photomicrograph (50X) of skeletal (crinoidal) packstone (facies B). Note 

brachiopod and siliceous cement.  The white box is the field of view for the 200X 

photomicrograph. (7,804.1 ft. (2,378.7 m)) 
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up clasts.  Identified fossils include crinoid stems, crinoid plates, fenestrate bryozoan, and 

pelecypods.  Mudstone rip-up clasts are sub-rounded to angular and are randomly dispersed 

throughout the matrix of the beds.  Carbonate allochems that have been diagenetically altered 

have been partially dolomitized or completely replaced with silica.  Facies B is commonly 

cemented with calcite and quartz. 

  Beds are categorized as organized and disorganized utilizing Pickeringôs classification 

scheme for deep-water facies (Pickering et al., 1989).  Disorganized beds lack clear stratification 

or grading and organized beds demonstrate clearly defined sedimentary structures (Pickering et 

al., 1989).  The organized beds in facies B are either graded or inversely graded with clast size 

ranging from medium calcilutite (0.031 mm) to medium calcirudite (1 mm to 4 mm).  Graded 

beds have scoured bases with sharp bedding contacts to the underlying facies.  The disorganized 

beds are unsorted and the basal and upper contacts are both sharp and planar to the underlying 

and overlying facies.  Disorganized beds have a more narrow range in clast size relative to the 

organized graded beds with fine calcilutite (0.016 mm to 0.031 mm) to coarse calcarenite (0.5 

mm to 1 mm) sized clasts.  Regardless of bedding style, the matrix of the beds are composed of 

calcareous mud (micrite) occasionally replaced with dolomite or calcite spar. 

Fractures observed are healed with calcite.  Individual beds with thicknesses less than 1 

ft. (0.3 m) are not recognized from gamma ray log response.  Larger beds (greater than 1ft (0.3 

m)) and multiple thinner beds that are in close succession can be identified by low gamma ray 

(API units) spikes and decreased neutron (NPHI) and density (DPHI) porosities (~5%-10%). 
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Facies C (Calcareous Spiculitic Packstone) 

 Facies C is found throughout the upper section of the core from 7,236 ft. (2,205 m) to 

7,412 ft. (2,259 m) cumulatively making up 15% of the recovered core (Figures 22-30).  Facies 

C is subdivided into two facies types, bioturbated calcareous spiculitic packstone (facies C1) and 

laminated calcareous spiculitic packstone (facies C2).  The two facies are interbedded and bed 

thickness ranges from several inches (centimeters) to feet (meters).  Fractures are present and are 

oriented perpendicular and sub-parallel to the bedding plane.  Determined from FMI (Formation 

Micro-Imager), the majority of the fractures are oriented northwest-southeast (160° to 165°) and 

dips range from 25° to 75°.  The fractures are both partially open and healed with calcite cement.   

Facies C1 is a light gray (3N-4N), massive to mottled, calcareous spiculitic packstone.  A 

large percentage of the bioclastic grains are sponge spicules that have been partially or 

completely replaced by calcite.  Longitudinal and transverse sections of the sponge spicules are 

observed.  Most, but not all, of the spicules are monaxons and the central cavities are not 

preserved and filled with calcite cement.  The length of the axons range from 0.1 mm to 0.2 mm 

and the non-preserved central cavities have a diameter of 0.04 mm to 0.08 mm.  Mottled beds are 

heavily bioturbated (Skolithos-Planolites?) and the burrows are lined with silt sized quartz, 

calcilutite grains of sponge spicule and skeletal fragments, and mud.  Stratification and internal 

sedimentary structures are rare to absent.  The base of the beds is scoured into the underlying 

facies and the tops of the beds are in sharp planar contact with the overlying facies. 

Facies C2 is a light to dark gray (3N-4N), laminated, calcareous, spiculitic packstone.  

Laminae are thick (1 mm to 3 mm) and are intercalated with a calcareous sponge spicule - rich 

mud.  Although a high percentage of the sponge spicules are calcareous, a smaller percentage is 

siliceous. Laminae include continuous, parallel, lenticular, and low angle ripple cross  
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Figure 22: Photo of facies C in core (7,240 ft. (2,206.7 m) -7,252 ft. (2,210.4 m).  Note 

the rhythmic interbedding between facies C1 and C2.  
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Figure 23: Photomicrograph (16X) of calcareous spiculitic siltstone (facies C1).  The 

mottled appearance is interpreted to be evidence of bioturbation.  The white box is the 

field of view for the 50X photomicrograph.  (7,252.5 ft. (2,210.6 m)) 

Figure 24: Photomicrograph (50X) of calcareous spiculitic siltstone (facies C1).  Note the 

bioturbated matrix.  The white box is the field of view for the 200X photomicrograph.  

(7,252.5 ft. (2,210.6 m)) 
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Figure 25: Photomicrograph (16X) of bioturbated calcareous spiculitic packstone (facies 

C1).  The white box is the field of view for the 50X photomicrograph.  (7,235.15 ft. 

(2,205.3 m)) 

Figure 26: Photomicrograph (50X) of bioturbated, calcareous, spiculitic packstone 

(facies C1).  Note the burrow interior (yellow outline) is composed of smaller clasts than 

the exterior. Also note the abundance of calcareous sponge spicules.  The white box is the 

field of view for the 200X photomicrograph.  (7,235.15 ft. (2,205.3 m)) 
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Figure 27: Photomicrograph (16X) of laminated calcareous, spiculitic packstone (facies 

C2). Note continuous and discontinuous laminae.  The white box is the field of view for 

the 50X photomicrograph.  (7,374.6 ft. (2,247.7 m)) 

Figure 28: Photomicrograph (50X) of laminated calcareous, spiculitic packstone (facies 

C2). Note siliceous sponge spicules and disarticulated fossil allochems.  The white box is 

the field of view for the 200X photomicrograph.  (7,374.6 ft. (2,247.7 m)) 
























































































































































































































