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CHAPTER I 

INTRODUCTION 

Introduction 

Clastic sediments deposited along the western margin of the Late Cretaceous Western 

Interior Seaway have been studied and documented by numerous researchers since the 

1800's. Until recently, most of the detailed work on these strata has concentrated on 

exposures in the Colorado Plateau, Rocky Mountains, and Northern Great Plains. 

Outcrops of these sediments in West Texas have been studied by previous researchers, 

however, many detailed aspects of their character remain undocumented. 

Coastal sediments of Late Cretaceous age in the Big Bend region of Texas are 

represented by the Aguja Formation. Based on observations of stratigraphy and 

lithofacies, the Aguja Formation was subdivided by Lehman (1985) into six informal 

members. In ascending stratigraphic order, the members include the basal sandstone, 

the lower shale, the Rattlesnake Mountain sandstone, the middle shale, the Terlingua 

Creek sandstone, and the upper shale members. Of these six informal members, the 

Rattlesnake Mountain sandstone was interpreted to have been deposited under 

transgressive conditions. 

Preservation of transgressive coastal sedimentary sequences is rare in the rock 

record. The majority of previous studies on coastal depositional systems of the Western 

Interior Cretaceous Seaway report sequences developed primarily under regressive 

conditions. A predominantly transgressive sequence is preserved, however, in the 

Rattlesnake Mountain sandstone member of the Aguja Formation. This sequence was 

deposited near the southern aperture of the Western Interior Seaway. 

The objectives of this study are: (1) to delineate and describe the coastal 

sedimentary facies of the Rattlesnake Mountain sandstone member; (2) to document 
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their outcrop distribution within Big Bend National Park; {3) to interpret the 

sedimentary processes involved in deposition of these facies and the environments in 

which they accumulated; {4} to document the mineralogical composition of each 

lithofacies and to interpret post-depositional processes; and {5) to provide a 

paleoenvironmental model based on the lithology and paleontology of these strata. 

Study Localitjes 

2 

Exposures of the Aguja Formation were studied at various locations in the western 

part of Big Bend National Park in Brewster County, Texas (Figures 1.1 and 1.2). 

Generally, the sands and shales of the Aguja Formation weather to form drab yellow to 

gray slopes and cuestas. These deposits are distinctive in their general lack of limestone 

and variegated shale. Sandstone units within the Aguja Formation commonly form 

resistant hogback ridges. In addition, Tertiary intrusive igneous bodies support 

surrounding exposures of the Aguja Formation at several localities. 

Sediments of the Aguja Formation are exposed in many areas throughout Big Bend 

National Park. A general geologic map indicating exposures is available in Maxwell et al. 

(1967). More detailed maps of selected exposures of the Aguja Formation within the 

park are included in this report and in Lehman (1985). Exposures of the Rattlesnake 

Mountain sandstone member are discontinuous owing to erosion, intrusion by igneous 

bodies, and extensive faulting, however, these strata can be correlated for study based on 

facies analysis. 

The Rattlesnake Mountain sandstone member is best developed in the westernmost 

part of Big Bend National Park, gradually diminishing in thickness towards the eastern 

park boundary. Outcrops of the Aguja Formation examined near the McKinney Hills 

(Bohanan, 1987), near San Vicente (Lehman, 1985), and south of Cow Heaven Mountain 
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Figure 1 .1 Map showing localities discussed in text, Big Bend National Park, Brewster County, Texas. Boundary of Big Bend 

National Park is depicted. Solid line within Park boundary indicates paved road. Dashed line within Park 

boundary indicates gravel road. 

Explanation 

C H Cow Heaven 
C P Chisos Pen 
OCA Dawson Creek (northeast) 
IXB Dawson Creek (southwest) 

ERM Northeastern flank of Rattlesnake Mountain 

GH Grapevine Hills 
MH McKinney Hills 
MR Maverick Road 
P G Persimmon Gap 
SA Sierra Aguja 
S E Santa Elena 
S V San Vicente 
SW South "Willow" 
TM Tule Mountain 
W "Willow" 
WRM Southwestern flank of Rattlesnake Mountain 
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Figure 1 .2 Map showing study localities within western portion of Big Bend National 
Park, Texas. Inset shows western portion (stippled area) relative to Park 
boundary. Solid line within Park boundary indicates paved road. Dashed line 
within Park boundary indicates gravel road. 

Explanation 

CX'.A Dawson Creek {northeast) 
cx:l3 Dawson Creek (southwest) 
ERM Northeastern flank of Rattlesnake Mountain 
MR Maverick Road 
NW North "Willow" 
SA Sierra Aguja 
S E Santa Elena 
SW South "Willow" 
TM Tule Mountain 
W "Willow·· 
WRM Southwestern flank of Rattlesnake Mountain 
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(this report) reveal that the Rattlesnake Mountain sandstone member is absent at those 

localities, therefore, this investigation is focussed on the western portion of the park 

(Figure 1.2). 

Exposures along the southwest flank of Rattlesnake Mountain (WRM of Figures 1 .1 

and 1.2) are excellent owing to limited faulting, sparse vegetation, and good lateral 

continuity of individual beds. The stratigraphic relationships of the Rattlesnake 

Mountain sandstone with other members of the Aguja Formation are well represented 

here, and the lateral variability of facies within the Rattlesnake Mountain sandstone is 

well demonstrated. Considering these characteristics, this is the informally proposed 

type locality of the Rattlesnake Mountain sandstone member as suggested by Lehman 

(1985). A geologic map of this locality is provided in Figure 1.3. 

7 

Exposures along the northeast flank of Rattlesnake Mountain (ERM of Figures 1.1 and 

1.2) occur in a deep arroyo. The exposures are limited laterally by faulting and burial 

beneath Quaternary gravels. This locality provides an excellent exposure of the contact 

between the lower shale member and the Rattlesnake Mountain sandstone member. A 

geologic map of this locality is provided in Figure 1.4. 

Reconnaissance around the northern and northeastern flanks of Rattlesnake 

Mountain, outside of the park boundary, reveals that members of the Aguja Formation 

can be recognized and traced laterally between the WRM and ERM exposures despite 

discontinuities brought about by intrusion, faulting, and erosion. Because these 

exposures were not extensively studied, a complete geologic map of the area connecting 

the WRM and ERM exposures is not included in this report. 

Approximately 3.2 km east of Santa Elena Canyon, just north of the Castolon-Santa 

Elena road, is the locality designated for this study as "Santa Elena" (SE on Figures 1.1 
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Figure 1.3 Geologic map of the southwestern flank of Rattlesnake Mountai~, Big Bend 

National Park, Texas. Based on U.S.G.S. 7.5 Minute topographic map: 

Castolon, Texas. Contour interval: 20 feet. 

Explanation 

I K~l #I· 

Holocene alluvium and terrace deposits 

Pleistocene pediment and terrace gravels 

Tertiary igneous rock 

upper shale member of the Aguja Formation (Cretaceous) 

Terlingua Creek sandstone member of the Aguja Fo.rmation 

(Cretaceous) 

McKinney Springs tongue of the Pen Formation 

(Cretaceous) 

Rattlesnake Mountain sandstone member of the Aguja 

Formation (Cretaceous) 

lower shale member of the Aguja Formation (Cretaceous) 

basal sandstone member of the Aguja Formation (Cretaceous) 

Pen Formation (Cretaceous) 

strike and dip of strata 

normal fault (dashed where inferred) 
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Figure 1.4 Geologic.map of the northeastern flank of Rattlesnake Mountain, Big Bend 
National Park, Texas. Based on U.S.G.S. 7.5 Minute topographic map: 
Terlingua, Texas. Contour interval: 20 feet. 

Explanation 

"""' 

Holocene alluvium and .terrace deposits 

Pleistocene pediment and terrace gravels 

Tertiary igneous rock 

McKinney Springs Tongue of the Pen Formation (Cret~ceous) 

Rattlesnake Mountain sandstone member of the Aguja 
Formation (Cretaceous) 

lower shale member of the Aguja Formation (Cretaceous) 

basal sandstone member of the Aguja Formation (Cretaceous) 

Aguja Formation (undifferentiated Cretaceous) 

. strike and dip of strata 

normal fault (dashed where inferred) 

. . ephemeral stream 
~ 
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and 1.2, geologic map depicted in Figure 1.5). This outcrop is limited primarily by 

faulting and burial by Quaternary alluvium, yet provides the best locality for studying 

the restricted occurrences of several invertebrate taxa in the Rattlesnake Mountain 

sandstone. 

The area just south of the Old Maverick Road and west of Pena Mountain provides the 

most extensive and most complicated exposure of the Rattlesnake Mountain sandstone 

within the park. Lateral and internal variations are well represented here. Because of 

somewhat inconspicuous, yet extensive faulting and resultant complication, this area is 

not recommended as the type locality. For this study, the area is designated as the 

"Willow" locality (W on Figures 1.1 and 1.2, geologic map depicted in Figure 1.6). The 

name "Willow" appears on the 7.5 minute U.S.G.S. Castolon topographic map (1971) as 

the highest point of the igneous intrusive body holding up the southernmost exposures 

here, and should not be confused with Willow Mountain northeast of Study Butte. 

Additional exposures west of Pena Mountain in this area comprise a series of low 

hogbacks immediately south of the Old Maverick Road and adjacent to the west fork of 

Alamo Creek. These exposures are referred to as the Maverick Road locality (MR on 

Figures 1.1 and 1.2, also depicted on the Willow geologic map in Figure 1.6) which was 

measured and described by Lehman (1985) and revisited by the author. 

The area north of the Castolon-Santa Elena road and just south of the "Willow" 

intrusion is herein referred to as the "South Willow" locality (SW on Figures 1.1 and 

1.2, geologic map depicted in Figure 1. 7). Exposures here are excellent, yet restricted 

laterally by Quaternary gravels, faulting, and igneous intrusion. 

Approximately 2.4 kilometers north of Terlingua Abaja is the "Sierra Aguja" 

locality (SA on Figures 1.1 and 1.2, geologic map depicted in Figure 1.8). The lateral 

extent of this exposure is also limited by faulting, however, a continuous section through 

the Rattlesnake Mountain sandstone member is exposed. This locality provides 
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Figure 1.5 Geologic map of the Santa Elena exposures, Big Bend National Park, Texas. 
Based on U.S.G.S. 7.5 Minute topographic map: Castolon, Texas. 
Contour interval: 20 feet. 

Explanation 

IKpm I. 

Holocene alluvium and terrace deposits 

Pleistocene pediment and terrace gravels 

Tertiary igneous rock 

Terlingua Creek sandstone member of the Aguja Formation 
(Cretaceous) 

McKinney Springs Tongue of the Pen Formation (Cretaceous) 

Rattlesnake Mountain sandstone member of the Aguja 
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Figure 1.6 Geologic map of the "Willow" exposures, Big Bend National Park, Texas. 
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Figure 1.7 Geologic map of the South ·wmow• exposures. Big Bend National Park, 
Texas. Based. on U.S.G.S. 7.5 Minute topographic map: Castolon. Texas. 
Contour interval: 20 feet. 
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Figure 1.8 Geologic map of the exposures near Sierra Aguja, Big Bend National Park, 
Texas. Based on U.S.G.S. 7.5 Minute topographic map: Castolon, Texas. 
Contour interval: 20 feet. 
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normal fault (dashed where inferred) 
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exposures of coastal sediments near the probable stratigraphic merger to the west 

between the Rattlesnake Mountain sandstone member and the Terlingua Creek sandstone 

member. 

The "Dawson Creek A" locality lies approximately one kilometer east of Highway 118 

(DCA of Figures 1.1 and 1.2). This locality was described in detail by Lehman (1985) 

and re-examined for this study. The "Dawson Creek B" locality lies approximately 2. 7 

kilometers due west of the intersection of the western park boundary with Highway 118 

near Study Butte (DCB on Figures1.1 and 1.2, geologic map depicted in Figure 1.9). The 

more erosionally resistant Rattlesnake Mountain sandstone and Terlingua Creek 

sandstone members form hogbacks that can be traced laterally for about 3.2 kilometers. 

The "Tule Mountain" locality, approximately 2.2 kilometers east-northeast of the 

intersection of the Old Maverick Road and Highway 118, was originally measured by 

Maxwell et al. (1967) and reviewed by Lehman (1985). Exposures of the Rattlesnake 

Mountain sandstone member in this area were re-examined for this study (TM on 

Figures 1.1. and 1.2). 

The general stratigraphy of the Aguja Formation was examined in exposures lying 

between the River Road and Cow Heaven Mountain. Exposures at this locality, named 

"Cow Heaven" for this report, indicate that the Rattlesnake Mountain sandstone member 

is absent in this area and was therefore not examined further (CH on Figure 1.1 ). 

Stratigraphic sections recorded by previous researchers at localities not examined 

by the author were also utilized. These include Grapevine Hills {Lehman, 1985; 

Schroeder, 1988), McKinney Hills (Lehman, 1985; Bohanan, 1987), Chisos Pen 

(Udden, 1907; Lehman, 1985) and others reviewed by Lehman (1985). 
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Figure 1.9 Geologic map of the southwestern exposures along Dawson Creek, Big Bend National Park, Texas. Based on U.S.G.S. 7.5 Minute topographic map: Terlingua, Texas. Contour Interval: 20 feet. · 
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Methods of Study 

Analysis of the Rattlesnake Mountain sandstone member of the Aguja Formation began 

with field examination of exposures in Big Bend National Park. Stratigraphic sections 

detailing the lateral and vertical facies changes were described and measured at each 

outcrop. The stratigraphy and structural features of each outcrop were measured using 

a Jacob's staff and Brunton compass. Correlation of stratigraphic sections was completed 

in the field where possible. Further stratigraphic correlation was completed later, 

based on the positions of marker beds with respect to underlying and overlying strata. 

Lithology, bedding thickness, faunal constituents, and physical and biogenic 

sedimentary structures were examined and recorded. Paleocurrent data were obtained 

by measuring bearings of trough-axes, erosional gutters·, shell hash channels, and the 

alignments of faunal and floral constituents and tool marks. In addition, cross-bed dip 

directions and the orientations of current and wave ripples were recorded. All 

paleocurrent data were subsequently corrected for tectonic dip where necessary. 

Grain-size and cement types were estimated in the field. Lithologic samples were 

collected and utilized for petrographic analysis. Petrographic analysis consisted of 

identification of detrital grain composition, grain-size, sorting, roundness, cement 

types, and diagenetic relationships. 

Geologic mapping utilized U.S.G.S. 7.5 minute topographic base maps (including 

Castolon, Mariscal Mountain, Terlingua, and Tule Mountain, Texas quadrangles) and 

aerial photos. Earlier geologic maps completed by Maxwell and others (Maxwell et al., 

1967), and Lehman (1985) were also utilized. A detailed internal facies map of the 

Rattlesnake Mountain sandstone member was constructed for the extensive Willow 

exposures (Figure 1.6). 
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Previous Work 

Sediments comprising the Aguja Formation were first described in some detail by 

Udden (1907). Udden proposed the name "Rattlesnake Beds" for these strata and 

designated the type area as Rattlesnake Mountain. Although he did not measure a type 

section at Rattlesnake Mountain, the series of stratigraphic sections Udden described at 

Chisos Pen may serve as a type section (Lehman, 1985). Adkins (1933) renamed these 

strata the "Aguja Formation" as the name "Rattlesnake Beds" was already in use 

elsewhere. Adkins designated the area near Sierra Aguja as the type locality, but 

likewise did not indicate a type section. 

Maxwell et al. (1967) reviewed the stratigraphy of the Aguja Formation and 

described several additional sections, informally subdividing the Aguja Formation into a 

lower marine unit and an overlying nonmarine unit. The marine unit was further 

subdivided into a "basal sandstone," a "fossiliferous marine clay," and a section of 

"alternating marine sandstone and clay." Maxwell et al. (1967), however, did not 

designate a type section. Kovschak (1973) subdivided the Aguja Formation into a lower 

"marine facies," a middle "transitional facies," and an uppermost "continental facies" 

consisting of a lacustrine section overlain by a fluvial section. Knebusch (1981) 

subdivided the Aguja Formation into "lower," "middle," and "upper" members. Lehman 

{1982) divided the formation into four members that closely corresponded to those used 

by Knebusch. Knebusch's "lower member" was subdivided by Lehman into the "basal 

sandstone" and the overlying "lower shale." The "middle member" used by Knebusch was 

renamed the "medial sandstone" and the "upper member" was renamed "upper shale" by 

Lehman. 

Subsequent work by Lehman {1985) led to the terminology used in this study. The 

Aguja Formation was subdivided into six informal members consisting of the basal 

sandstone member, the lower shale member, the Rattlesnake Mountain sandstone 
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member, the middle shale member, the Terlingua Creek sandstone member, and the 

upper shale member. Marine clays, where found stratigraphically between the 

Rattlesnake Mountain sandstone member and the Terlingua Creek sandstone member, 

were removed from the Aguja Formation and named the McKinney Springs tongue of the 

Pen Formation by Lehman (1985). 

Recent field observations have lead to the removal of the "middle shale member" 

from Aguja stratigraphic nomenclature, and redefinition of the McKinney Springs tongue 

of the Pen Formation. The current application of the term "McKinney Springs tongue" 

includes the mudstone-shale section, regardless of facies, lying between the Rattlesnake 

Mountain sandstone member and the Terlingua Creek sandstone member. In exposures 

where the Rattlesnake Mountain sandstone member is absent, the shale section lying 

between the basal sandstone and Terlingua Creek sandstone members is included in the 

McKinney Springs tongue of the Pen Formation. The McKinney Springs tongue is 

contiguous with the main body of the Pen Formation. 

The informal subdivisions of the Aguja Formation used by investigators in the past 

are shown in Figure 1.1 0. The Aguja stratigraphic nomenclature and positioning used in 

this report is shown in Figure 1.11 . 

Regional Geologic Settjng 

Sediments of the Aguja Formation record Late Cretaceous (Campanian) shoreline 

fluctuations across the Trans-Pecos region . These strata are correlative with similar 

clastic sediments deposited farther north along the western margin of the Western 

Interior Seaway (Figure 1.12). The Aguja Formation has been correlated with the San 

Carlos Formation exposed in the Sierra Vieja area approximately 177 kilometers 

northwest of the park and the Ojinaga area about 80 kilometers northwest of the park. 

The Aguja Formation has also been correlated with the Difunta Group of northeastern 
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Formation utilized by previous researchers. 
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Location of study area along the western margin of the Late Cretaceous 
Western Interior Seaway with reference to modem physiography of North 
America. Modified from RoehJer (1988). 
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Mexico (lehman, 1985). Based on inoceramid bivalve and ammonite biostratigraphic 

zonation, sediments of the Aguja Formation also correlate with the Cliff House Sandstone 

and Pictured Cliff Sandstone of the San Juan Basin in northwestern New Mexico. Aguja 

and correlative sediments mentioned above were deposited in response to strandline 

migration influenced by regional and local tectonism as well as eustatic sea level 

fluctuations. 

Late Cretaceous sedimentation in the Trans-Pecos region was strongly influenced by 

a subduction-related magmatic arc in western Mexico (Figure 1.13). The arc was 

active throughout Late Cretaceous time (e.g., McDowell and Claubaugh, 1979) and was 

the major source area for sediments of the Aguja Formation. Following the onset of Late 

Triassic rifting in the Gulf Coast region, a deep, subsiding basin known as the Chihuahua 

Trough developed to the southwest of the Big Bend area (DeFord, 1969). The Chihuahua 

Trough separated the Big Bend region from the magmatic arc throughout most of 

Cretaceous time. East of the Chihuahua Trough, a series of carbonate platforms 

developed, forming the Coahuila Platform. During Late Cretaceous time, shales 

accumulated in the subsiding Chihuahua Trough, whereas limestones accumulated on the 

shallowly submerged Coahuila Platform. Subsidence of the Chihuahua Trough relative to 

the adjacent platforms decreased as the trough filled with sediment. With the eventual 

burial of the basin, primarily arc-derived clastic sediments inundated the platforms. 

By Campanian time, the shoreline migrated rapidly across the Trans-Pecos region in 

response to relative sea level changes, depositing the Aguja Formation (Lehman, 1985). 

Inferred strandline positions of the Late Cretaceous are depicted in Figure 1.13. 

Biostratigraphic and lithostratigraphic correlations suggest that initial progradation 

of the Aguja Formation is correlative with the worldwide "R7'' regression of Kauffman 

(1977) and is Early Campanian in age. The limit of shoreline progradation during the 

R7 regression in the Trans-Pecos area was just west of the Santiago-Sierra del Carmen 
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Figure 1.13 Late Cretaceous paleo·shoreline map of the southern part of western 
North America including the subduction-related magmatic arc in Mexico. 
Baja California is restored to position prior to Gulf of California rifting. 
R7 = Early Campanian regressive shoreline position. TS = ·Middle· 
Campanian transgressive shoreline position. Rattlesnake Mountain 
sandstone member was deposited during the R7 to TB transition. From 
Lehman (1985). 



range, based on thickness trends of the basal sandstone member, and its pinchout at 

several localities (SV and PG of Figure 1.1 ). 
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Paleocurrent data and isopach maps of the Pen and lower Aguja Formation (including 

the basal sandstone and lower shale members) indicate northeastward progradation of 

the shoreline during Early Campanian time. The San Carlos Formation to the west is not 

significantly thicker than the Aguja Formation, suggesting that the Chihuahua Trough 

was not subsiding more rapidly than the Coahuila Platform in Early Campanian time. At 

that time, the Chihuahua Trough was no longer a sediment trap for eastward bound 

clastic sediments shed off of the magmatic arc in Mexico. 

The subsequent "middle" Campanian marine transgression (the "T8" transgression of 

Kauffman, 1977) was responsible for deposition of the Rattlesnake Mountain sandstone 

member and the lowermost marine portion of the McKinney Springs tongue of the Pen 

Formation. This was the last of the major marine transgressions across the Trans

Pecos area. Westward thinning of the marine McKinney Springs tongue that separates 

the Rattlesnake Mountain sandstone and Terlingua Creek sandstone members, as well as 

facies changes within these strata suggest that the westward limit of the "T8" 

transgression was not far beyond the present Mesa de Anguila area. The Chihuahua 

Tectonic Belt may have become active by this time, thus exerting some structural 

control over the shoreline position (Lehman, 1985). 

A Late Campanian regression (the "R8" regression of Kauffman, 1977) was 

responsible for a subsequent major northeastward progradation of the shoreline across 

the Big Bend region. The prodeltaic portion of the McKinney Springs tongue, the 

Terlingua Creek sandstone member, and the upper shale member record the final major 

shoreline progradation in the Trans-Pecos area. All subsequent deposition in this region 

has resulted from continental processes. 
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Toward the later stages of Aguja deposition (recorded by the upper shale member) in 

earliest Maastrichtian time, the onset of Laramide tectonism began influencing 

sedimentation and corresponding basin development. The region west of the Trans-Pecos 

area was tilted eastward and sediments within the Chihuahua Trough were deformed. 

Folding of these strata continued as eastward thrusting along the edge of the Coahuila 

platform ensued. The culmination of this deformation established the "Chihuahua 

Tectonic Belt," a southern extension of the Rocky Mountain Fold and Thrust Belt. East of 

the Big Bend area, westward thrusting along the present site of the Del Norte-Santiago

Sierra del Carmen range was initiated. Thus, a depositional basin developed, flanked on 

the western and eastern sides by positive structural elements. This basin, essentially a 

"Denver type" intermontane basin, was named the "Tornillo Basin" by Wilson (see 

Lehman, 1985). 

The Tornillo Basin received sediments throughout Maastrichtian and early Tertiary 

time. Previously deposited Cretaceous sediments were eroded off of the adjacent 

highlands. Aguja sediments within the basin were eventually buried by later Cretaceous 

and Early Tertiary sediments to depths between 1300 and 1900 meters (Bohanan, 

1987). Continued deformation during the Laramide orogeny, both within the basin and 

along its flanks, resulted in folding of the entire Upper Cretaceous and lower Tertiary 

sedimentary section within the Tornillo Basin. The evolution of the Tornillo Basin 

through Eocene time is depicted in Figure 1.14. Subsequently, widespread volcanic 

eruptions in late Eocene-Oligocene time and Basin and Range (or Rio Grande Rift) 

tectonism developed the modern structural basin (the "Sunken Block" of Udden, 1907) 

and physiography of the Big Bend region. 
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Figure 1.14 Structural evolution of the Tornillo Basin through Campanian {A), 
Maastrichtian (B), Paleocene (C), and Eocene {D) time. From Lehman 
{1985). 



CHAPTER II 

STRA T1GRAPHY OF THE AGWA FORMATION 

Lithostratigraphy 

Deposits of the Aguja Formation record the development of two major coastal 

progradational sequences that envelop one major retrogradational coastal sequence. The 

formation generally overlies and intertongues with offshore marine and prodeltaic 

shales of the Pen Formation, as shown in Figure 1.11. Where the Aguja Formation 

overlies the Pen Formation, the contact is gradational and is placed at the base of the 

first "substantial" sandstone above the marine shales of the Pen Formation (Lehman, 

1985). The Aguja Formation is gradationally overlain by fluvial floodplain deposits of 

the Late Cretaceous Javelina Formation. 

The Aguja section varies in thickness from a maximum of 285 meters in the Santa 

Elena-Rattlesnake Mountain area to a minimum of about 118 meters in the Grapevine 

Hills-McKinney Springs area. A stratigraphic summary of the Aguja Formation is given 

below, and is based on sections described by Lehman (1985) . 

Stratigraphic sections through the Aguja Formation in Big Bend National Park reveal 

a fairly consistent sequence. Based on facies types and stratigraphic position, Lehman 

(1985) subdivided the Aguja Formation into the six informal members depicted in 

Figure 1.1 0. Deposits characteristic of each facies are commonly found adjacent to one 

another in both a lateral and vertical sense. As mentioned above, field examination 

undertaken in this study has led to the removal of the middle shale member from the 

Aguja Formation, and its reassignment to the McKinney Springs tongue of the Pen 

Formation (Figure 1.11 ). 
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Basal sandstone member 

The basal sandstone member is composed primarily of horizontally bedded and 

crossbedded fine- to very fine-grained sandstone. The sandstone occurs as continuous 

sand bodies in some areas and as a series of stratigraphically related lentils in other 

areas. Isolated sheet-like shell lag deposits and oyster-rich horizons are present 

locally. 
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Thickness of the basal sandstone member ranges from less than one meter to 

approximately 1 0 meters. The eastern depositional limit of the basal sandstone member 

is inferred to be just east of the Santiago-Sierra del Carmen range (Lehman, 1985). 

The basal sandstone member is overlain by the lower shale member in the western 

portion of Big Bend National Park and the McKinney Springs tongue of the Pen 

Formation, discussed below, in the eastern portion of the park. 

The basal sandstone member was deposited in deltaic and associated shallow marine 

environments. These sediments accumulated along a northeastwardly prograding 

shoreline. The basal sandstone member exhibits well developed deltaic mouth bar and 

distributary channel deposits at exposures in the eastern portion of the park. One such 

complex in the McKinney Hills area was described by Bohanan (1987). Exposures in 

the western portion of the park are generally thinner and represent shoreface sediments 

deposited adjacent to an Early Campanian delta complex. 

Lower shale member 

The lower shale member of the Aguja Formation is characterized by dark gray 

carbonaceous shales and mudstones, lignite and coal, and thin beds of siltstone and very 

fine-grained sandstone. Channelized very fine-grained sands are present in places. 

These sand units may also contain small oysters. Dinosaur and other reptile bones are 

present in places within the carbonaceous mudstones. 
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The lower shale member is present only in the western portion of the park and in the 

Study Butte-Terlingua region, with the easternmost exposure present at Chisos Pen. 

The thickness of the lower shale member varies considerably over short lateral 

distances. Exposures within Big Bend National Park range in stratigraphic thickness 

from approximately 18 meters to over 80 meters. A lower shale isopach map based on 

both present and previous research is presented in Chapter Ill. The lower shale member 

is overlain disconformably by the Rattlesnake Mountain sandstone member. 

Sediments of the lower shale member reflect deposition in coastal marshes and 

swamps established on a muddy coastline overlying basal sandstone member deposits. 

Estuarine and tidal creek sediments comprise the channelized sands. Several species of 

oysters resided within the tidal creek channels. A paleoenvironmental analysis of coastal 

marsh deposits, primarily of the lower shale member was provided by Record (1988). 

Deposits of the lower shale member indicate continued shoreline progradation or 

stillstand following establishment of the deltaic shoreface sediments represented by the 

basal sandstone member. 

Rattlesnake Mountain sandstone member 

The Rattlesnake Mountain sandstone member is composed of very fine- to fine

grained sandstone, localized mudstones, and numerous fossiliferous shell beds. The 

sandstones are generally white to light gray, very fine- to fine-grained feldspathic 

litharenites. This member is highly fossiliferous with abundant representatives of the 

oyster genera Flemingostrea and Crassostrea, cardid bivalves, gastropods, and shark 

teeth. In addition, fish, dinosaur, and other reptile bones are present in places. Trace 

fossils, especially those of Ophiomorpha, are also common. Although these fossils are 

present in other members of the Aguja Formation, they generally are most prevalent 

within this member. 
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Thickness of the Rattlesnake Mountain sandstone member, even where well developed 

in the western portion of Big Bend National Park, is highly variable. Measured sections 

in the western portion of the park indicate a range in thickness from 7.60 meters at 

Dawson Creek "B" Locality 2 to 40.88 meters at East Rattlesnake Mountain Locality 1. 

The Rattlesnake Mountain sandstone member thins toward the east. The easternmost 

exposure of the Rattlesnake Mountain sandstone member mapped within the park is 

present north of Grapevine Hills (Lehman, 1985). At this locality, the Rattlesnake 

Mountain sandstone member has a stratigraphic thickness of approximately 9 meters 

(Lehman, 1985). 

The Rattlesnake Mountain sandstone member overlies the lower shale member along 

an erosional surface. The erosional surface is quite pronounced in some areas, but it 

may be an inconspicuous lag deposit overlying a coarsening-upward sequence in other 

areas. The top of the Rattlesnake Mountain sandstone grades into transgressive marine 

shales or prodeltaic deposits of the McKinney Springs tongue of the Pen Formation. 

Along the western end of the park near Sierra Aguja, the Rattlesnake Mountain sandstone 

approaches stratigraphic merger with the overlying Terlingua Creek sandstone member, 

as the McKinney Springs tongue of the Pen Formation thins. 

Sediments of the Rattlesnake Mountain sandstone member are composed of reworked 

material from adjacent or underlying strata, clastic sediment derived from minor 

distributary channels, and in situ or transported faunal material. These sediments 

accumulated during a marine transgression across the coastal plain comprised of the 

underlying basal sandstone and lower shale members. Several distinct facies, discussed 

below, can be recognized within this member. Because of the complex nature of the 

facies present, internal stratigraphy is correlated based on the fossil and trace fossil 

content. 
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The zone of stratigraphic merger with the Terlingua Creek sandstone represents an 

inflection in the stratigraphic sequence where the sandstones deposited during maximum 

transgression are overlain by incipient regressional deposits. Such stratigraphic 

inflections have been termed "turn-around points" by Siemers and King (see Donselaar, 

1989). 

McKinney Springs tongue of the Pen Formatjon 

The McKinney Springs tongue of the Pen Formation was described as the section of 

marine shale and mudstone that occurs stratigraphically below the Terlingua Creek 

sandstone member and above the highest underlying sandstone member (Lehman, 1985). 

These marine deposits are most prevalent in exposures in the eastern portion of Big 

Bend National Park. Distinct limestone beds and calcareous concretion horizons are also 

present in the lower part of the section in the eastern park exposures. In the western 

portion of the park, fully marine shales occur only as a thin (less than one meter thick) 

layer underlying a phosphate pebble horizon. A marine and brackish water microfauna 

is present within this shale (Mosley, 1992). The marine sediments likely represent 

shelf muds deposited under transgressive conditions. The McKinney Springs tongue is 

contiguous with the marine shale sequence of the main body of the Pen Formation (Figure 

1.11). 

The upper part of the McKinney Springs tongue in the western region of the park is 

characterized by carbonaceous mudstone and shale containing abundant allochthonous 

lignite. Initial investigations of these sediments revealed a lack of marine microfauna 

but an abundance of plant fragments. Within this section are found interbedded 

siltstones and very fine-grained sandstones. The sandstone layers increase in frequency 

and thickness towards the top of the section where they are overlain gradationally by 

sands of the Terlingua Creek sandstone member. These strata accumulated in a prodeltaic 



39 

environment. The allochthonous lignite layers were derived from lagoonal or 

interdistributary bay marsh and swamp environments. Such deposits were included as 

the middle shale member of the Aguja Formation by Lehman (1985). The middle shale 

member, as originally defined, intertongued with deposits of the McKinney Springs 

tongue. 

Subsequent field examination suggests that deposits of the middle shale member 

should be included with the McKinney Springs tongue of the Pen Formation. This 

nomenclature is more broadly applicable and does not require distinct facies recognition, 

which can be difficult, if detailed examination is not undertaken. For this report, the 

McKinney Springs tongue of the Pen Formation refers to the shale section, regardless of 

facies, which lies between the prominent sandstones of the Rattlesnake Mountain and 

Terlingua Creek sandstone members or, in the eastern portion of the park, between the 

basal sandstone and Terlingua Creek sandstone members (see Figure 1.11 ). 

Terlingua Creek sandstone member 

The Terlingua Creek sandstone member is comprised primarily of fine- to very 

fine-grained sandstone with localized accumulations of in situ and transported marine 

and non-marine fossils. Discontinuous bodies of carbonaceous shale and lignite are also 

present locally. The thickness of the Terlingua Creek sandstone varies over short lateral 

distances as a result of the location of paleo-distributary channels. Thicknesses of this 

member range from less than two meters to over thirty meters. The Terlingua Creek 

sandstone is overlain conformably by the finer-grained sediments of the upper shale 

member. 

The Terlingua Creek sandstone member accumulated during shoreline progradation. 

Facies within this member include deposits of distributary channels, delta mouth bars, 

shoal systems developed on abandoned delta lobes, and other adjacent shoreface deposits. 



Terlingua Creek sandstone distributary channel complexes have been documented by 

Bohanan (1987) in the McKinney Hills area and Schroeder (1988) in the Grapevine 

Hills area. 
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Sediments of the Terlingua Creek sandstone member are generally analogous to those 

of the earlier deposited basal sandstone member. The Terlingua Creek sandstone, 

however, is much more prominent and continuous. The delta complex represented by the 

deposition of the Terlingua Creek sandstone member, formed during the "R8" regression 

of Kauffman (1977), was more pronounced in the Big Bend region than the previous 

"R7" regression delta complex represented by the deposition of the basal sandstone 

member (Lehman, 1985). 

Upper shale member 

Deposits of the upper shale member are predominantly structureless mudstones and 

shales with lenticular sand bodies. Dinosaur bones and abundant silicified logs are 

present within this member. The relatively thick sandstone lenses exhibit channel 

geometries and are composed of fine- to medium-grained sandstone and conglomeratic 

lags. Lateral accretion bedding is present in these sand bodies. The sandstone units 

generally range from 3 to 7 meters in thickness, though much larger bodies exist, 

including one which is 35 meters thick near McKinney Hills (Bohanan, 1987), and one 

which is approximately 45 meters thick at Pena Mountain (Lehman, 1985). The lower 

part of the upper shale member is typified by drab gray to olive colored mudstones 

containing sideritic septarian concretions. The upper part of the member is composed of 

banded light or dark gray and purple or maroon mudstone. The upper part commonly 

contains scattered paleo-caliche nodules. 

The lower boundary of the upper shale member is placed at the top of the continuous 

sand body of the Terlingua Creek sandstone member. The upper shale member of the 
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Aguja Formation is overlain by variegated mudstones of the Javelina Formation. The 

formation boundary is gradational and intertongues on a large scale. Lehman (1985) 

placed the upper boundary at the top of the highest sandstone above which the mudstone 

is entirely variegated. 

Deposits of the upper shale member record continued progradation corresponding to 

the "R8" regression of the Western Interior Seaway (Kauffman, 1977). Upper shale 

member deposits are of continental origin, and accumulated on a deltaic coastal plain and 

inland floodplain developed just landward of the prograding Terlingua Creek sandstone 

shoreline. 

Biostratigraphy of the Rattlesnake Mountain 
Sandstone Member 

Vertebrate and invertebrate fossils from the Aguja Formation allow the age of the 

Rattlesnake Mountain sandstone member to be approximated. Figure 2.1 shows a 

summary of the known stratigraphic ranges of the invertebrate fauna present within the 

Rattlesnake Mountain sandstone member. Included in Figure 2.1 are the ammonite and 

Exogyra biostratigraphic zonation schemes currently utilized by researchers for 

Cretaceous deposits of the Western Interior and the Gulf Coastal Plain. The ammonite 

Baculites is widely used to zone Late Cretaceous marine strata of the Western Interior. 

Baculites specimens collected for this study and by previous researchers are 

fragmented sandstone-filled internal molds that rarely contain identifiable suture 

patterns. A single specimen collected from the basal sandstone member is identified as 

Baculites c.f. B. maclearni. Less well-preserved Baculites specimens collected from the 

Rattlesnake Mountain sandstone member at the Santa Elena locality appear to have 

similar suture patterns, ribs, and nodes suggesting that they are the same species or one 

with close affinities. These specimens were all collected from shoreline lag deposits, 
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Figure 2.1 Ammonite and Exogyra biostratigraphic zonation schemes currently 
utilized by researchers of Cretaceous deposits of the Western Interior and 
Gulf Coastal regions. Known (solid lines) and inferred (dashed lines) 
stratigraphic ranges of species present within the Rattlesnake Mountain 
sandstone member are also shown. Sources for defined ranges include: 
Kauffman, 1975 (•); Sohl and Christopher, 1983 (••) ; Sohl, 1960 
(#); Sohl , 1964a (##); and Sohl and Kauffman, 1964 (@). 
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suggesting that they had been transported onshore from the open marine nektic 

community. The parallel alignment of Baculites at various stratigraphic intervals 

within the shoreline lag facies suggests that these shells drifted in from the open sea and 

came to rest on the shore. These specimens probably represent organisms that lived 

contemporaneously with deposition of the Rattlesnake Mountain sandstone member and 

were not reworked from older deposits. The oldest age indicated by the presence of B. 

maclearni is earliest Late Campanian (Kauffman, 1977). 

Inoceramid bivalves collected from the Rattlesnake Mountain sandstone member at 

the Santa Elena and Sierra Aguja localities are identified as Inoceramus vanuxemi. 

According to the range chart presented in Kauffman (1975), the presence of I. vanuxemi 

indicates a middle Late Campanian age for these strata. 

The gryphaeid Exogyra ponderosa ponderosa occurs within the main body of the Pen 

Formation and is also present within the McKinney Springs tongue of the Pen Formation. 

This subspecies is known to occur in the Late Campanian in deposits of the Gulf and 

Atlantic coastal plain (Sohl and Christopher, 1983). The occurrence of strata 

containing this subspecies above and below the Rattlesnake Mountain sandstone member 

constrains the range of probable ages for this member. 

The giant oyster Crassostrea cusseta is found within the Rattlesnake Mountain 

sandstone member as transported or in situ accumulations at several localities. Its 

presence indicates a late Early Campanian to early Late Campanian (herein referred to 

as "middle" Campanian) age for these strata according to the range chart presented by 

Sohl and Kauffman (1964). 

The co-occurrence of the oysters Flemingostrea pratti and Flemingostrea 

subspatulata indicate a minimum age of Late Campanian according to the range chart 

presented in Sohl and Christopher (1983). Maastrichtian deposits of the Difunta Group 

and the Cardenas Formation of nearby northeastern and central Mexico also contain 
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Flemingostrea subspatulata (Wolleben, 1977; Myers, 1968). It is possible that the 

occurrence of F. subspatulata and perhaps F. pratti in the Aguja Formation represents 

the oldest reported occurrence of these taxa. The co-occurrence of F. pratti, F. 

subspatulata, and Crassostrea cusseta as biostromal accumulations within the 

Rattlesnake Mountain sandstone member also indicates that the ranges of these taxa must 

overlap. This has not been reported by previous researchers. 

Vertebrate remains found within the upper shale member have been placed within 

the Judithian Kritosaurus assemblage (Lehman, 1985). This indicates a Late Campanian 

age for at least the lower part of the Upper Shale member (Lehman, 1985). 

A small number of arenaceous foraminifera were extracted from the marine muds of 

the McKinney Springs tongue of the Pen Formation. These sediments were collected from 

an interval approximately .5 meters above the contact with the Rattlesnake Mountain 

sandstone member along the southwestern flank of Rattlesnake Mountain. The 

foraminifera were tentatively identified as Globorotaloides cf. conicus and 

Haplaphragmoides robei. The occurrence of this microfauna suggests correlation 

between the marine muds overlying the Rattlesnake Mountain sandstone with the 

"middle" Campanian Pecan Gap limestones of Central Texas (Mosely, 1992). 

Given the ranges of the aforementioned macrofauna and microfauna identified in this 

and previous studies, a "middle" Campanian or early Late Campanian age is suggested for 

the Rattlesnake Mountain sandstone member. This is in agreement with the assessment 

given by Lehman (1985). 

The presence of the gastropod Haustator (formerly Turritella ) bilira in the 

Rattlesnake Mountain sandstone member is somewhat problematic. Research and 

discussion presented by Sohl (1960, 1977), and Sohl and Christopher, (1983) 

indicates that H. bilira is restricted to the Maastrichtian. Sohl suggested that the 

Haustator bilira assemblage zone is useful biostratigraphically (Sohl, 1977). Its 
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presence in the Rattlesnake Mountain sandstone member alongside Haustator trilira and 

Haustator quadrilira is also problematic. Sohl (1960) suggested that Haustator exhibits 

an evolutionary lineage proceeding from H. quadrilira to H. trilira , and eventually to H. 

bilira. His work indicates that H. quadrilira does not co-exist with H. bilira. Though it 

could be argued that reworking may be responsible for their co-occurrence in the 

Rattlesnake Mountain sandstone member (reworking of earlier H. quadrilira into later 

strata containing H. bilira), the presence of other non-transported pre-Maastrichtian 

fauna indicates that this is not the case. The evidence collected from the Rattlesnake 

Mountain sandstone member suggests that the known range of Haustator bilira must be 

extended into the Campanian, at least in the Trans-Pecos region. 



CHAPTER Ill 

FACIES DESCRIPTION AND ANALYSIS 

Introduction 

Lehman (1985) had previously described the Rattlesnake Mountain sandstone 

member as consisting primarily of "inner shelf shoal" facies, deposited under shallow 

marine conditions during retreat of the Campanian shoreline. However, detailed study 

reveals that the Rattlesnake Mountain sandstone member actually consists of a mosaic of 

related coastal sedimentary facies. Nine distinct lithofacies were delineated within the 

Rattlesnake Mountain sandstone member during the field investigation. Facies 

successions within the Rattlesnake Mountain sandstone member are not everywhere 

consistent; therefore, stratigraphic sections were correlated with reference to the 

recognizable contacts below with the lower shale member, and above with the McKinney 

Springs tongue of the Pen Formation. 

The name applied to each lithofacies is derived from field-applicable terms that best 

summarize the readily apparent physical, biogenic, or faunal characteristics of the 

facies. These facies are identified as: (1) the carbonaceous mudstone facies; (2) the 

interbedded sandstone-mudstone facies; {3) the white sandstone facies; (4) the yellow 

friable sandstone facies; (5) the Ophiomorpha sandstone facies; (6) the shell hash 

facies; (7) the low-angle cross-stratified facies; (8) the sandy mudstone facies; and 

(9) the Crassostrea sandstone facies. Though the facies terms were used as a guideline 

for correlation and interpretation, there are many examples in the study area where 

sedimentary units contain attributes of more than one facies. Each facies is described 

below in the general ascending order that they occur within the Rattlesnake Mountain 

sandstone, with the exception of the sandy mudstone and Crassostrea facies, which are 
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found only in limited exposures. Following the description of each facies, a discussion of 

the physical processes and the interpreted depositional environment is presented. 

The interpretation of the physical processes involved and the depositional 

environment represented are derived from modern and ancient analogues. Numerous 

studies conducted along the modern Gulf of Mexico and Atlantic coasts cited below, and 

studies of the Late Cretaceous Western Interior Seaway {also cited below) have been 

most useful in aiding and supporting the interpretations. In Chapter VI, the 

relationships among the nine lithofacies are summarized in a paleoenvironmental model 

for the Rattlesnake Mountain sandstone member. In general, the Rattlesnake Mountain 

sandstone records deposition along a barred microtidal coastline, with a series of 

barrier islands interrupted by tidal inlets, and separated from the mainland by a 

protected lagoon. Each of the nine lithofacies recognized in the Rattlesnake Mountain 

sandstone reflects sedimentation in one of the varied environments along this coastline. 

Orientation of the Campanian Shoreline 
in the Big Bend Region 

Knowledge of the approximate shoreline orientation at the time of deposition is useful 

in facies interpretation of coastal depositional systems. This information is commonly 

derived, and reported in documentation of clastic sediments of the Late Cretaceous 

Western Interior Seaway {e.g., Roehler, 1988; Donselaar, 1989). Preserved 

sedimentary structures, facies relationships, and isopach trends are useful parameters 

for interpreting shoreline orientation. 

Ripple crest orientations have been utilized by many researchers to approximate the 

orientations of ancient shorelines. Oscillation ripples of the nearshore zone are known 

to be related to the direction of wave approach, generally normal to the shoreline, which 

generates ripple crests approximately parallel to shoreline. An average of oscillation 

ripple crest strike directions may therefore approximate depositional strike (Potter 
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and Pettijohn, 1977). Studies of nearshore zones, however, indicate that oscillation 

ripple crests may trend at angles of up to 65 degrees from shoreline (Davis, 1985). 

Determination of the shoreline orientation using ripple crest orientations is further 

complicated by irregularities inherent in coastlines near deltaic complexes. Because of 

this aspect and the incompleteness of the transgressive stratigraphic record, 

depositional dip was used to infer the general shoreline orientation. The average 

shoreline orientation should be approximately normal to depositional dip. 

Delineation of depositional dip was aided by the use of isopach trends and 

paleocurrent data gathered in this study and from previous work (Lehman, 1985; 

Bohanan, 1987; Shroeder, 1988). Aguja member isopach maps from each of these 

studies were utilized to define the extent of progradational and retrogradational sand 

bodies. Paleocurrent data obtained from shoreface, estuarine, distributary channel, and 

coastal floodplain facies were then corrected for tectonic dip where necessary, and 

plotted in rose diagrams (Figure 3.1 ). The variation observed in suggested paleocurrent 

directions is attributed to distributary channel meander and physiographic features 

common within coastal depositional environments. 

Paleocurrent data indicate that the net sediment transport direction was towards the 

east-northeast during deposition of the Aguja Formation. This suggests an average 

regional shoreline orientation of north-northwest to south-southeast (see Figure 1.13). 

This orientation is utilized in the interpretation of individual facies within the 

Rattlesnake Mountain sandstone member. 

Cart>onaceous Mudstone Facies 

The carbonaceous mudstone facies consists of mudstones and shales containing readily 

apparent quantities of carbonaceous material including discrete beds of lignite and coal 

(Figures 3.2 and 3.3). A representative lower shale member section of this facies is 
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figure 3. 1 Inferred average shoreline orientation based on the use of depositional dip indicated by paleocurrent data gathered 
in this study, and Bohanan ( 1987), Lehman ( 1985), and Schroeder ( 1988). TCSS =- Telingua Creek sandstone 
member, RMSS =-Rattlesnake Mountain sandstone member, BSS =basal sandstone member. 
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Figure 3.2 (top) Photograph of typical dark gray sediments of the carbonaceous 
mudstone facies (lower shale member) overlain by sediments of 
the yellow friable sandstone facies (Rattlesnake Mountain . 
sandstone member), southwestern flank of Rattlesnake Mountain, 
near locality L -1 . View is toward the north-northwest. The 
yellow friable sandstone section shown is approximately 5 meters 

in thickness. 

Figure 3. 3 (bottom) Photograph of lower portion of Rattlesnake Mountain sandstone 
member at locality L -1 , northeastern flank of Rattlesnake 
Mountain. The carbonaceous mudstone facies comprises the dark 
sediments at the base of the exposure. This facies is overlain by 
sediments of the interbedded sandstone-mudstone facies 
(interbedded yellowish gray sandstone layers), which are in turn 
overlain by sediments of the white sandstone facies. The arroyo 
wall is capped by sediments of the low-angle cross-stratified 
sandstone facies. View is toward the northeast. The height of the 
arroyo wall shown here is approximately 20 meters. 
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shown in Figure 3.4. Mudstones and shales within this facies are predominantly banded 

dark-gray, black, brown, and olive in color and are quite distinctive in outcrop. 

Detailed sections of this facies were documented by Lehman {1985) and further analyzed 

by Record (1988). 

Sand and silt layers of three differing geometries are present within this facies, and 

include the following: 

1. discontinuous lenses less than five centimeters thick, composed of gray or 

brown, well-cemented, very fine-grained sandstone and siltstone. Individual 

lenses are commonly covered with plant debris consisting mostly of 

monocotyledonous vegetation (Lehman, 1985); 

2. channelized sands which commonly contain trough cross-bedding and ripple 

laminae. In places, abundant Planolites burrows, fecal castings and pellets, and 

thin oyster shell fragments of the genera Crassostrea and Ostrea are present; and 

3. broad, thin sand bodies less than one meter thick that contain gastropods, 

bivalves, and sparse Ophiomorpha burrows. The bivalves include unionid, 

teredinid, and gastrochaenid varieties. The lowermost portions may also contain 

mud clasts, reworked paleo-caliche nodules, and bone fragments as lag deposits. 

Fossil constituents present within the mudstone portion of this facies include prone 

or transported fossil logs and discrete bone beds. The logs are mostly unsilicified and 

typically contain Teridolites burrows infilled with sparry calcite. Bone beds commonly 

contain remains of turtles, crocodiles, and ornithomimid and hadrosaurid dinosaurs 

{Lehman, 1985). 

Minute framboidal pyrite, commonly weathered to limonite, is present within the 

mudstones. The presence of pyrite in these sediments is typical of deposits in which 

reduction of organic components has occurred during early burial and diagenesis 

{Berner, 1980). 
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Figure 3. 4 Example section of the carbonaceous mudstone facies. Example shown is of 
the lower shale member of the Aguja Formation at Dawson Creek 8, locality 
L-1. The scale to the left of the stratigraphic column is in meters. Numbers 
in parentheses refer to stratigraphic position in centimeters. 
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RATTLESNAKE MOUNTAIN SANDSTONE MEMBER 

( 417<>-4230 em) Carbonaceous gray mudstone. 

(374<>-4170 em) Gray shale and mudstone. 

(371 G-3740 em) Ugnite. 

(3410.3710 em) Gray shale and mudstone. 

35 
(338Q-341 0 em) Ugnite. 

(306Q-3380 em) Gray shale and mudstone. 

(3020.3060 em) Ugnite. 

(2960.3020 em) Dark gray shale and mudstone. 

(257Q-2960 em) Gray shale and mudstone. 

25 
(253Q-2570 em) Manganese nodule conglomerate. 

(232G-Z530 em) Gray shale and mudstone. 

(220G-Z320 em) Ugnite. 

(2140.2200 em) Gray shale and mudstone. 

(2060.2140 em) Ugnite. 

20 (1910.2060 em) Gray shlle and rn.~dstone. 

(1850.1910 em) Ugnite. 

(1600.1 850 em) Gray shale and mudstone. 

(1 590.1600 em) Manganese nodiMe horizon. 

1 5 (1370-1 590 em) Gray shale and mudstone. 

(1310.1370 em) Ugnite. 

(116D-1310 em) Black, carbonaceous shale. 

(900.1160 em) Gray mudstone interbedded \Mth white, friable, fine-g-ained 

1 0 sandstone. 

(76Q-900 em) Very light gray, weakly indurated, fine-g-ained ~ndstone containing clay 
dasts and concretions. 

(490.760 em) Gray sandy mudstone. 

5 (48<>-490 em) Manganese nodule horizon. 

( 448-480 em) Predominantly silty gray rn.~dstone. 

(Q-448 em) Very light gray, fine-grained sandstone IMth gray daystone wisps. 

0 
BASAL SANDSTONE MEMBER 
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Selenite gypsum is also commonly associated with these sediments. Gypsum is found 

in-place or on weathered slopes as thin plates up to five millimeters thick. The 

presence of gypsum in these sediments is typical of deposits in which the release of 

sulfates occurred during oxidation of pyrite. 

The carbonaceous mudstone facies is developed most extensively within the lower 

shale member of the Aguja Formation where it can attain a thickness of up to ninety 

meters (Lehman, 1985}. Carbonaceous mudstones of the lower shale member 

conformably overly deltaic and shoreface deposits of the basal sandstone member. 

Mudstones of the lower shale member are limited laterally by sand bodies included 

within this facies, or by marginal marine facies comprising other members of the Aguja 

Formation. In most places, carbonaceous mudstones of the lower shale member are 

disconformably overlain by the yellow friable sand facies or the white sandstone facies 

of the Rattlesnake Mountain sandstone member. Exposures along the northeast flank of 

Rattlesnake Mountain, at Dawson Creek "A", and at Alamo Creek, reveal a coarsening

upward sequence (interbedded sandstone-mudstone facies) gradationally overlying the 

carbonaceous mudstone facies. 

The carbonaceous mudstone facies is present within the Rattlesnake Mountain 

sandstone member at Willow locality L-3 and the South Willow section. Its thickness 

within the Willow L-3 section is approximately four meters and is laterally contiguous 

with carbonaceous mudstones of the lower shale member. At this locality, the 

carbonaceous mudstone facies conformably overlies the white sandstone facies and it is, 

in turn, disconformably overlain by an upper section of the white sandstone facies. At 

the South Willow section, the carbonaceous mudstone facies is approximately nine 

meters thick, where it conformably overlies a lower section of the white sandstones 

facies, and is overlain by the yellow friable sandstone facies. 
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Carbonaceous mudstones also comprise the non-marine portion of the McKinney 

Springs tongue of the Pen Formation. As discussed in Chapter I, the non-marine portion 

was formerly designated the "middle" shale member. These deposits conformably overly 

transgressive marine shelf muds contiguous with the main body of the Pen Formation, or 

shoreface sands of the Rattlesnake Mountain sandstone member. Non-marine deposits 

within the McKinney Springs tongue are gradationally overlain by sediments deposited 

under conditions of coastal progradation, which form the bulk of the Terlingua Creek 

sandstone member. 

The distinction between the carbonaceous mudstones facies, the interbedded 

sandstone-mudstone facies, and the sandy mudstone facies is based primarily on the 

presence or absence of carbonaceous material, and the frequency of interbeds. Though 

these three facies may have originated in the same broad depositional setting, they 

represent differing subenvironments. Distinction of the three facies may be difficult in 

more weathered outcrops, but can be identified by exposing fresh surfaces. 

I nterpretatjoo 

This facies was interpreted by Lehman (1985) as representing two major 

depositional settings which are generally associated with an abundance of autochthonous 

or allochthonous vegetation. These settings include the following: 

1. localized interdistributary areas of prograding deltaic systems; and 

2. broad areas of the delta plain and adjacent strandline inundated following delta 

abandonment and transgression. 

This study indicates that a portion of this facies represents lagoon-bay margin and 

back-barrier margin marsh and swamp deposits. The interpretation is based upon 

internal stratigraphy and the proximity of this facies to other marginal marine facies 

described below. Monocotyledonous vegetation and fossil woods also suggest deposition in 
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marshes and swamps, respectively. Scattered dinosaur bones and articulated skeletons 

present in this facies are found elsewhere in similar deposits interpreted as being of 

marsh-swamp origin (see Davies, 1983). 

Preservation of muds and silts within this facies indicates a low-energy hydraulic 

regime. The muds consist of clay, silt, organic matter, and weathering products settling 

out of suspension from waters introduced by fluvial and marine systems. Local 

vegetation probably enhanced the entrapment of these clastics and contributed 

carbonaceous material. In addition, fecal material deposited at the surface by local fauna 

likely contributed a considerable amount of mud-size material. 

The low-energy hydraulic regime indicated here in an otherwise wave-dominated 

coastal system suggests deposition in areas shielded from high current and wave energy. 

The shielding features were most likely subaqueous barriers or shoals, barrier islands, 

and associated migrating spits. Sand bodies within the carbonaceous mudstone facies 

represent crevasse splays, minor distributary channels, tidal creeks, and estuaries. 

The interpretations are based on similarity of these deposits to modern analogs. 

Crevasse splay sheets in modern settings typically lack in situ invertebrate fauna 

but may contain sparse Ophiomorpha, as is the case for many of these sand layers in the 

Aguja. Channelized sands containing abundant trough cross-bedding, present here, are 

typical of minor distributary channels or estuarine channels. Estuarine channels can be 

distinguished by the presence of brackish or marine molluscan fauna, and mud drapes 

over discrete layers of unidirectional crossbeds {see discussion on white sandstone 

facies). Tidal creek sands are indicated by the presence of the aforementioned ostreid 

bivalves and ichnofauna. 

Distinction between estuaries and tidal creeks is based on thickness, extent, and 

complexity of the sand bodies. Tidal creek deposits are relatively homogenous and 

typically have thicknesses of less than one meter. The fauna present indicates that these 
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creeks were inhabited by organisms tolerant of brackish water conditions, such as are 

common in marginal marine environments. 

Carbonaceous mudstones present in the McKinney Springs tongue were likely 

deposited in a prodeltaic setting, owing to the coarsening-upward sequence gradational 

with deltaic sands of the Terlingua Creek sandstone member. The carbonaceous material 

most likely originated from transported particulates and mats of vegetation derived from 

contemporaneous marsh and swamp environments (Schroeder, 1988). 

Sedimentologic and biogenic characteristics of this facies correspond closely to those 

of modern microtidal settings along the Gulf and Atlantic coasts of North America. 

lnterdistributary bays, coastal marsh-swamp, and lagoonal-estuarine deposits have 

been documented extensively (e.g., Howard and Frey; 1985, Parker, 1959) and offer a 

good basis for comparison. The interpretations presented here are also in agreement 

with studies of similar coastal sediments deposited elsewhere along the Late Cretaceous 

Western Interior Seaway (e.g., Roehler, 1988; Kamela, 1984; Sears et al., 1941). 

Interbedded Sandstone-Mudstone Facies 

The interbedded sandstone-mudstone facies contains thin interbedded layers of 

sandstone and mudstone or shale. This facies is best exposed in an arroyo along the 

northeast flank of Rattlesnake Mountain (Figure 3.3). Exposures here reveal a 

continuous section of this facies 8.5 meters thick over an exposed lateral distance of 

approximately 850 meters. This facies is also present at Dawson Creek "A" and at the 

Tule Mountain locality, and is recognized as a gradational coarsening-upward sequence 

which conformably overlies carbonaceous mudstones of the lower shale member. 

Sediments of this facies are composed of interbedded very fine-grained sandstones, 

siltstones, claystones, and carbonaceous mudstones. The sequence gradually becomes 

more sand-dominant toward the top (Figure 3.5). Sandstone layers generally increase 
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Figure 3. 5 Example section of the interbedded sandstone-mudstone facies. Example 
shown is of the Rattlesnake Mountain sandstone member at locality L -1 of 
the northeastern flank of Rattlesnake Mountain. The scale to the left of the 
stratigraphic column is in meters. Numbers in parentheses refer to 
stratigraphic position in centimeters. Paleocurrent data collected is shown 
on rose diagram. 
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in thickness from three to one hundred centimeters upwards through the sequence. The 

sandstones within this facies are typically well sorted, yellow- to white-weathering, 

and very fine- to fine-grained. Discrete layers contain molluscan shell fragments up to 

pebble-size. Layers up to eight centimeters thick near the top of the sequence contain 

bivalve shell fragments up to one centimeter in diameter. 

At lower stratigraphic levels, lenticular laminae and starved current ripple form

set layers are present. Ripples observed in exposures along the northeast flank of 

Rattlesnake Mountain are up to four centimeters in wavelength and have amplitudes of up 

to one centimeter. In-place ripple crests are only partially exposed. Well-exposed 

current rippled surfaces are observed only on fallen blocks. 

Isolated sand layers in the lower portion of this section exhibit slightly scoured 

lower bedding planes with conspicuous prod marks, and have rippled and broadly 

undulose upper surfaces. Sand layers higher in the sequence are horizontally bedded or 

cross-bedded. The full nature of this cross-bedding cannot be observed owing to the lack 

of extensive three-dimensional exposures, however, a predominantly southeastward 

direction of transport was inferred at exposures along the northeast flank of Rattlesnake 

Mountain (Figure 3.5). 

Mudstones within this facies are typically dark gray to brown in color and contain 

carbonaceous plant material. Mudstone layers lack preserved sedimentary structures, 

though horizontal laminae are implied by the presence of a somewhat fissile character. 

The mudstone layers here are similar, if not identical to those of the underlying 

carbonaceous mudstone facies discussed above. 

Fossils are present only in discrete sandy layers and include plant debris and sparse, 

thin, mollusc shell fragments. Burrow structures have been not observed, however, 

crawling traces were observed on the top surfaces of individual beds at the Dawson Creek 

"A" locality. 
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Despite the prevalence of small-scale erosive contacts throughout these deposits, the 

section exhibits a gradational contact with the overlying white sandstone facies. The 

limited exposures of this facies do not allow for direct observation of lateral equivalents. 

Correlation of sections between the northeast flank and the southwest flank of 

Rattlesnake Mountain suggest lateral equivalence to the carbonaceous mudstone facies of 

the lower shale member. 

It is interesting to note that in all exposures, this facies is overlain by the white 

sandstone facies. Though weathered exposures present at other outcrops may not allow 

for observation of the interbedding present within this facies, it is more likely that the 

interbedded sandstone-mudstone facies is restricted geographically. Several of the 

indurated sand layers higher up in this facies should form recognizable benches within 

otherwise gently sloping outcrops. It is likely that this facies was removed by erosion 

during or prior to deposition of other marginal marine facies, or that its original 

depositional setting was restricted geographically by pre-existing topography and 

sedimentary processes. 

I nterpretatjon 

Deposits of the interbedded sandstone-mudstone facies represent deposition in a 

protected interdistributary bay or lagoonal environment lateral to, or landward of, a 

shoal or barrier island system. The upward increase in frequency of sandstone layers 

indicates the encroachment of higher-energy hydraulic regimes, as a result of lateral 

migration of facies. 

The sediment composition, and presence of this facies between carbonaceous 

mudstones and cross-bedded white sandstones suggests the interbedded sandstone

mudstone facies represents a transitional setting between lower-energy and higher

energy hydraulic regimes. The proximity of the interbedded sandstone-mudstone facies 



to higher-energy facies suggests some degree of hydraulic "shielding" allowed for the 

accumulation of muds. 
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Thin and commonly isolated sandstone lenses within the mudstones are likely a result 

of winnowing of muds during periods of enhanced wind-driven wave activity. In modern 

interdistributary bay settings, this activity focusses energy within an interdistributary 

bay and may concentrate coarser clastics in lenses. The resultant lenticular laminae and 

"starved ripples" are quite common in these settings (Coleman and Prior, 1980). 

Sand-dominated layers within the mudstones of this facies are a result of one or 

more of the following sedimentary processes: 

1. generation of sand layers in response to increased fluvial discharge from 

nearby distributary channels following storm-related precipitation in the 

drainage basin; 

2. generation of sand bodies in response to crevasse splay development; 

3. concentration and deposition of coarser clastic material near tidal inlets in 

interdistributary bays; and 

4. deposition of sand layers by storm-generated washover processes as described 

in Andrews (1967). 

The sandy layers observed in this facies may represent the distal portions of a flood 

tide delta complex or washover fan within an interdistributary bay. The process of 

flood- and ebb-tide funneling and distribution of coarse clastic material in inlet systems 

and interdistributary bays has been reported even along microtidal coasts (Price and 

Parker, 1979). 

Washover processes may be responsible for the emplacement of the molluscan 

fragment-rich sand layers. These sediments represent the coarsest material in this 

facies, therefore the processes responsible for their transport must have been of the 

highest energy levels experienced in the bays. If the layers observed in this facies are 
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indeed of washover origin, they likely represent the distal, subaqueous portions of 

washover fans. Paleocurrent data within one mollusc-fragment rich layer exposed along 

the northeastern flank of Rattlesnake Mountain suggests that these sediments were 

transported toward the southeast (Figure 3.5). Hence, if these deposits are of distal 

washover fan or flood-tide delta origin, the breach or inlet must have been to the north. 

As in modern interdistributary bays and lagoons, some isolation from the open-marine 

system, restriction of circulation, and periodic freshening of lagoonal waters from 

minor distributary channels likely influenced water salinities within the suggested 

depositional setting. 

Petrographic analysis of these sediments indicates that shell dissolution through 

diagenesis is not responsible for the lack of preserved fauna in the sandstones. The lack 

of whole-bodied fauna within this facies may indicate an inhospitable environment 

existed, caused by one or more of the following: 

1. continuous or periodic inundation by clastic sediments; 

2. variations in the water salinity that were too extreme for establishment of 

stable invertebrate communities; and/or 

3. the substrate itself was too unstable for habitation. 

Soft-bodied organisms may have inhabited this environment but were not preserved 

over time. The lack of preserved ichnofossils may be the result of inhospitable 

environmental conditions listed above, or reworking of the soft substrate through 

subsequent bioturbation or wave/current activity. Similar faunal-poor lagoonal facies 

have been described in deposits elsewhere from the Western Interior Seaway (e.g ., 

Donselaar, 1989; Roehler, 1988). 

The interpretation of the overlying white sandstone facies as tidal delta or washover 

fan in origin (see below), has important implications for the interbedded sandstone

mudstone facies. It is known from stratigraphic studies of the modern Texas Gulf Coast 



that tidal inlets may remain broadly stationary, or may migrate laterally within a 

narrow range over an extended period of time (Price and Parker, 1979; Davies et al., 

1989). The succession from the interbedded sandstone-mudstone facies 

(interdistributary bay-lagoon origin) to the white sandstone facies (tidal delta

washover fan origin) may reflect the incipient and subsequent development of tidal 

deltas over "protected" interdistributary bay environments. 

Whjte Sandstone Facjes 

The white sandstone facies is recognized as a weakly indurated to friable, white-

weathering, fine- to very fine-grained sandstone present at exposures along the 
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northeastern flank of Rattlesnake Mountain (Figure 3.3}, the southwestern flank of 

Rattlesnake Mountain (Figure 3.6), Tule Mountain, Dawson Creek "A", Willow (Figure 

3.7), and South Willow exposures. The term white sandstone facies is here applied 

loosely to include those sections which may also contain thin units (less than two meters 

in thickness) of more-indurated tan to dark brown layers within an otherwise mostly 

white to very light yellow-weathering sandstone section. Sections of the white sandstone 

facies are distinguished from the yellow friable sandstone facies based on the 

preservation of sedimentary structures and on a lack of abundant Flemingostrea shells. 

Descriptions of this facies are subdivided into locality-specific sections owing to 

variations in character. Interpretations are presented following the descriptive portion 

below. 

Localities on the northeastern flank 
of Rattlesnake Mountain 

Excellent exposures of the white sandstone facies are present at localities along the 

northeastern flank of Rattlesnake Mountain (Figure 3.3). A representative section of 
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Figure 3. 6 (top) Photograph of a white sandstone facies unit at locality L-14, 
southwestern flank of Rattlesnake Mountain. Note white sandstone 
layer disconformably overlies sediments of the sandy mudstone 
facies. View is toward the northeast. Jacob's staff shown is 1 . 5 
meters in length with each color band being 1 0 centimeters in 
length. 

Figure 3.7 (bottom) Photograph of the upper white sandstone facies near locality L-3 at 
Willow. Note sediments of the white sandstone facies 
disconformably overlie sediments of the carbonaceous mudstone 
facies within the Rattlesnake Mountain sandstone member. Note 
accretion surfaces which span the entire white sandstone section 
appear to dip towards the left in the photo. View is toward the 
west. Sandstone section shown is approximately 8 meters in 
thickness. 
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this facies is shown in Figure 3.8. Between localities L-1 and L-7, the facies varies 

from 6.1 to 6.5 meters in thickness. The facies conformably overlies the interbedded 

sandstone-mudstone facies and carbonaceous mudstone facies, and underlies sediments of 

the yellow friable sandstone facies or the low-angle cross-stratified facies. The low-

angle cross-stratified facies, discussed below, is in some cases very similar to upper 

portions of the white sandstone facies, and the two are commonly difficult to separate. At 

locality L-1, the white sandstone facies includes the low-angle cross-stratified 

sandstone section, and is approximately 14 meters in thickness. 

The white sandstone facies at Rattlesnake Mountain localities is composed of sand 

layers one to five centimeters in thickness that are horizontally bedded or cross-bedded. 

Numerous thin gray mudstone laminae are present throughout the white sandstone 

section, decreasing in abundance upwards. Mud balls up to two centimeters in diameter 

are distributed in distinct layers in the lowermost two meters of section. Exposed 

cross-beds were observed and their orientations measured for paleocurrent analysis 

(n=1 0). The inferred direction of sediment transport, based on cross-bed orientation at 

these exposures, is predominantly to the east-northeast (Figure 3.8). 

Localities on the southwestern flank 
of Rattlesnake Mountain 

The white sandstone facies is present at the northernmost localities along the 

southwest flank of Rattlesnake Mountain. At locality L-14 (from base of section to 12.6 

meter stratigraphic level), the white sandstone facies is composed primarily of low

angle trough cross-bedded sandstone. Portions of the section have weathered to form 

slopes of friable sands with float consisting primarily of weathered, indurated light gray 

to dark brown sandstone The white sandstone section here is interrupted in places by 

two dark reddish brown shell hash units (at stratigraphic levels 4.3 and 7.0 meters), 

each less than one meter in thickness. The hash units, discussed below, contain abraded 
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Figure 3.8 Stratigraphic section of the white sandstone facies present at locality L-1 of 
the northeastern flank of Rattlesnake Mountain. The scale to the left of the 
stratigraphic column is in meters. Numbers in parentheses refer to 
stratigraphic position in centimeters. Paleocurrent data is shown on rose 
diagram. 
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and fragmented shells of Flemingostrea, Inoceramus, Cymbophora, and other bivalves. 

In addition, shark teeth, unidentified gastropods, and Diploconcha burrows are present 

in these hash units. The white sandstone facies section here is overlain by sandy 

mudstone. 

The white sandstone section at locality L-15 is similar in character to that at L-14. 

The facies is exposed from the base of the section to the 16.2 meter stratigraphic level, 

where it is disconformably overlain by a dark brown indurated shell hash unit. As at L-

14, the white sandstone facies is interrupted by two shell hash units (at stratigraphic 

intervals 3.8 and 6.3 meters}, each less than one meter in thickness. Each of these hash 

units is underlain by an approximately 0.5 meter-thick Ophiomorpha burrowed 

horizon. 

A second white sandstone unit is exposed at locality L-14 in the stratigraphic 

interval 14.8 meters to 16.2 meters (Figure 3.9). This unit has more steeply inclined 

cross-beds than the lower unit, with truncated co-sets approximately 18 centimeters in 

thickness. Undulose-crested current ripples with amplitudes averaging five 

millimeters and wavelengths of six centimeters are exposed on the upper surfaces of 

cross-beds. Paleocurrent measurements (n=13) were obtained from this unit. The 

inferred direction of transport is predominantly toward the southwest (Figure 3.9). 

The unit here has an erosive lower contact with sandy mudstone and is disconformably 

overlain by a channelized hash unit comprised of shell fragments, bryozoan fragments, 

shark teeth, reptile bones, and mud balls. 

The second white sandstone unit at L-14 may be traced laterally to the L-15 section 

where it is exposed at the 19.7 m to 21 .2 m stratigraphic interval. The L-15 unit 

differs in having numerous abraded and fragmented bivalve shells at its base. Clast size 

decreases upwards to fine- and very-fine grained sand. The lower contact here is 

disconformable over a Flemingostrea pratti horizon with in situ shells in sandy 
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Figure 3. 9 Stratigraphic section of the white sandstone facies at locality L -14 of the 
southwestern flank of Rattlesnake Mountain. The scale to the left of the 
stratigraphic column is in meters. Numbers in parentheses refer to 
stratigraphic position in centimeters. Paleocurrent data is shown on rose 
diagram. 
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mudstone. The upper contact, as at L-14, includes a shell hash unit. The overlying 

shell hash unit here has a spectacular assemblage of well preserved fossil fragments and 

grades laterally into a convex-up bivalve shell unit discussed below. 

Exposures of the white sandstone facies at localities L-12 and L-13 are relatively 

poor, consisting mostly of weathered slopes interrupted by thin shell hash units, but 

provide a means for stratigraphic correlation between localities L-15 and L-9. The 

white sandstone facies at the L-9 locality also consists mostly of weathered slopes; 

however, thinning of the Rattlesnake Mountain sandstone member due to diminishing 

thickness of the white sandstone facies is suggested. In addition, a gradual merger 

between the white sandstone facies and the yellow friable sandstone facies is observed in 

tracking the individual facies southward to locality L-7. The white sandstone facies 

stratigraphically pinches out to the south and is absent at localities L-5 and L-1. 

Distinguishing this facies from the yellow friable sandstone facies is difficult in 

weathered exposures. However, Flemingostrea shells are prevalent in the yellow friable 

sandstone facies and are virtually absent in the white sandstone facies except as float 

derived from overlying units. 

Exposures at the Tule Mountain locality 

At the Tule Mountain exposure, the white sandstone facies appears very similar in 

character to that at locality L·1 on the northeastern flank of Rattlesnake Mountain. The 

Tule Mountain section of this facies is 12.5 meters in thickness, disconformably 

overlies the interbedded sandstone-mudstone facies, and is conformably overlain by the 

sandy mudstone facies. The section here is thin to massively bedded. Low angle trough 

cross-bedding is common. The upper surface of most layers is rippled. Bioturbation is 

common at this exposure, and consists mostly of vertically oriented burrows including 

those of Skolithos, Arenicolites, Thallasinoides, and Ophiomorpha. 
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The uppermost portion of the Rattlesnake Mountain sandstone at the Tule Mountain 

section includes a white, weakly indurated Ophiomorpha-burrowed sandstone. Owing to 

the fact that the characteristics of this unit are identical to those of the Ophiomorpha 

sandstone facies (described below), this uppermost unit is not considered to be part of 

the white sandstone facies. The unusual white coloration may be due to the periodic 

inundation and leaching of diagenetic cements by waters of Alamo Creek. 

Exposures at the Dawson Creek "A" locality 

Exposures of the white sandstone facies at the Dawson Creek "A" locality were 

measured by Lehman (1985) and re-visited as part of this study. This section has 

characteristics nearly identical to sections at Tule Mountain and along the northeast 

flank of Rattlesnake Mountain. The section here is approximately 16 meters in 

thickness. The underlying unit is poorly exposed but inferred to be carbonaceous 

mudstone of the lower shale, or the interbedded sandstone-mudstone facies. The white 

sandstone section here is overlain by thinly interbedded sandstone and mudstone. 

The section contains numerous undulose clay partings between sand layers. 

Oscillation ripples are preserved in places. The unit here appears to be unidirectionally 

cross-bedded having an inferred direction of transport toward the northeast. 

Ophiomorpha burrows and Anomia shells are preserved in places. A 0.4 meter thick 

shell hash unit comprised of oyster, turtle bone, and shark teeth fragments is present 

near the top of the white sandstone section. 

Exposures at Willow locality L-3 

Exposures of the white sandstone facies are also present in the lowermost portion of 

the Willow locality L-3 section (stratigraphic interval 0-10.3 m). Here, the facies 

disconformably overlies carbonaceous mudstone of the lower shale member. The lower 
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contact is highly irregular and exhibits numerous gutter casts and prod marks. 

Direction of transport inferred from these features is towards the southeast, as depicted 

in Figure 3.8. Manganese nodules up to two centimeters in diameter are present in a 

horizon approximately 0.6 meters above the lower contact. 

Individual sandstone beds within the facies at this locality are less than one 

centimeter in thickness and exhibit low angle trough cross-bedding. Direction of 

transport indicated by these cross-beds is variable, but predominantly toward the south 

(Figure 3.1 0). The entire section here is moderately bioturbated. Numerous burrows 

of the ichnogenera Ophiomorpha, Skolithos, Arenicolites, and Monocriterion, are 

present. In addition, well-preserved transported wood fragments containing Teridolites 

are present in places. 

Sands present in the stratigraphic interval 7.1 meters to 10.3 meters are highly 

indurated and dark brown in color, weathering to form large "cannonball" concretions 

measuring up to approximately one meter in diameter. Manganese oxide staining is 

common on the surfaces of these concretions. 

The white sandstone facies here is conformably overlain by a thin unit of the low 

angle cross-stratified facies which is in turn overlain by a carbonaceous mudstone unit. 

This white sandstone unit diminishes in thickness to the east, as is flanked by 

carbonaceous mudstones of the lower shale member. 

A second white sandstone unit is present in the Willow L-3 section disconformably 

above the carbonaceous mudstone unit capping the lower white sandstone (Figure 3.1 0). 

The second unit weathers light yellow, but is otherwise similar to the lower white 

sandstone unit. The upper white sandstone section here is approximately 12.5 meters in 

thickness. The lowermost 3.5 meters of the section consists of low-angle trough cross

bedded sandstone. A manganese nodule conglomerate horizon 30 centimeters thick is 

present approximately 1.5 meters above the base of this section. Tracing the outcrop 
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Figure 3. 1 0 Stratigraphic section of the lower and upper white sandstone facies units at 
Willow locality L-3. The scale to the left of the stratigraphic column is in 
meters. Numbers in parentheses refer to stratigraphic position in 
centimeters. Paleocurrent data is shown on rose diagrams. 
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trough cross-bedding, and rip-up dasts noted. Laterally, note presence of 
a Vent!rlcilldum "lag" deposit. 

CARBONACEOUS MUDSTONE FACIES 

(71Q-1030 em) 

(66Q-710 em) 

(GD0-660 em) 

(43Q-600 em) 

()SQ-430 em) 

(280-350 em) 

Brown, more induriited sandstone. Note numerous burrows of 
Monocriterion, Skolithos, and Arenicolites. 
White to light-grily, flne-!7ained. cross-bedded sandstone. 

Reddsh brov.n, indurated sandstone similar in character to that in 280-350 
em interval. Note thin cross-laminae. 
White to light-gray, fme-grained, cross-bedded sandstone. 

Brov.n, more indurated sandstone. Note numerous burrows of 
Monocriteriotl, Skolithos, and Arenicolites. 

Note sparse to modefate Ophiomorpha burrows in interval Q-280 em. 
Low-angle trough cross-beddng. Base of numerous cross-beds contain 
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abundant plant fragments. ( 120 em) Salnp'e WM-7. ( 180 em) Sample WM-8. ( 2 60 em) Sample WM-6. 
(GQ-65 em) Manganese nodule conglomerate. Manganese nodules up to 2 em in 

cbmeter. 
(0 em) White to light-gray, fine-gained sandstone. Disconformable, erosive 

contact with carbonaceous shale and rn~dstone. 

CARBONACEOUS MUDSTONE FACIES OF THE 
LOWER SHALE MEMBER 



laterally to the east, abundant molds of Venericardium bivalves and shell fragments 

appear in a lag unit at the base. The lower contact with underlying carbonaceous 

mudstone is irregular and appears disconformable. 
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Higher up in the white sandstone section here, the cross-bedding becomes more 

tabular in geometry. Numerous cross-bed orientations were measured from the upper 

part of the section. These measurements are included in Figure 3.1 0. Measurements 

indicate a highly variable distribution of paleocurrent directions. The color of this unit 

grades to yellow or tan, and is very similar in appearance to the Ophiomorpha sandstone 

facies. Exposed upper surfaces of many of the individual beds reveal randomly oriented 

plant fragments, clay and manganese nodules, and interference ripples. 

This upper white sandstone section is overlain by sandy mudstone toward the west, 

and shell hash deposits, discussed below, to the east. A view of this section at Willow 

locality L-3 (Figure 3.7) reveals low-angle epsilon cross-bedding dipping toward the 

south-southwest, implying the presence of lateral accretion surfaces that span the 

entire facies section. 

Exposures at Willow locality L-5 

The white sandstone section at Willow locality L-5 is approximately 9.8 meters in 

thickness. This facies disconformably overlies the carbonaceous mudstone facies and 

gradationally underlies sediments of the sandy mudstone facies. The lower 3.4 meters of 

the white sandstone facies section is well exposed on the bluff of an arroyo at locality L-

5. The upper portion of the section is less well exposed and appears as a weathered slope 

covered by thin, platy, indurated sandstone "float." The sandstone float contains sparse 

Skolithos, and Ophiomorpha burrows. Approximately three meters above the base of 

this facies, a sheet-like shell hash deposit, described below, is present. Approximately 
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5.9 meters above the base of this facies is a channelized cross-bedded deposit including a 

shell hash unit. 

Exposures at the South Willow locality 

Exposures of the white sandstone facies at the South Willow locality are very similar 

in appearance to the lower section of this facies at Willow locality L-3. The section at 

South Willow disconformably overlies carbonaceous mudstone and is approximately ten 

meters thick. The unit here is comprised of low-angle trough cross-bedded sandstone, 

weathering in places to form cannonball concretions as at Willow locality L-3. The 

white sandstone facies here is overlain by a shell hash unit discussed below. 

Interpretation 

Physical characteristics including grain size, primary sedimentary structures, 

biota, and facies associations indicate that the white sandstone facies was likely deposited 

in a relatively high energy setting within a lagoonal system. Higher energy 

environments in lagoonal settings include tidal deltas, tidal channels, and washover fan 

complexes. Based on its physical characteristics and relationships with other facies, the 

majority of the white sandstone facies appears to comprise tidal delta and tidal channel 

sediments deposited in a wave-dominated to transitional (between wave- and tide

dominant end members) tidal inlet system. 

The white sandstone facies is everywhere associated with inferred low-energy 

lagoonal deposits of the carbonaceous mudstone, sandy mudstone, or interbedded 

sandstone-mudstone facies. Where present, the white sandstone facies occurs at the base 

of the Rattlesnake Mountain sandstone member, and disconformably overlies 

carbonaceous mudstone of the lower shale member. The disconformable contact between 



the white sandstone facies and the underlying mudstones suggests the introduction of 

higher-energy processes into a lagoon or interdistributary bay complex. 
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Tidal inlet and associated lagoonal sand deposits are complex in nature, being 

influenced by tidal processes, oceanic waves and currents, fluvial systems, and local 

climatologic conditions. The influences of tidal and wave processes on the modern 

Georgia coast are discussed by Hubbard et al. (1979). Their discussion is applicable to 

the white sandstone facies interpretation in this study. 

Tidal and wave effects tend to dominate in lagoonal/estuarine depositional systems. 

The range of tidally generated currents can significantly dominate patterns of 

sedimentation in these settings due to the shape of the estuary and the commonly 

restrictive nature of tidal inlets. Tidally induced current velocities present in lagoonal 

systems are directly related to the tidal prism (Boothroyd, 1985). Significant tidally 

influenced patterns of sedimentation have been demonstrated even in microtidal settings, 

such as those along the present day eastern coast of the United States (Hubbard et al., 

1979). 

The location of tidal deltas, tidal channels, and washover fans within a lagoon is 

controlled by the position of tidal inlets and barrier island breaches. In turn, the 

position of inlets and barrier island breaches are controlled by tidal and oceanic wave 

and current effects. In wave-dominated settings, tidal inlets may shift laterally rapidly, 

due to the inability of tidal flow to maintain the inlet throat. Inlet migration and 

development in wave-dominated systems is controlled by spit development and storm 

breaching processes. 

Observations from other facies, including a lack of significant tidal flat depos!t~, and 

the presence of multiple shell hash washover deposits suggests a microtidal setting with 

oceanic wave and current-induced processes dominating shoreline development. Such 

processes tend to limit ebb-tide delta development, restricting them to the area 
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immediately outboard of the tidal inlet. Flood tide deltas and tidal channel fill are likely 

the predominant sedimentary features preserved in the white sandstone facies. 

Paleocurrent data collected from lagoonal sand deposits is expected to be quite 

complex as a result of the dynamics of the tidal inlet system. These dynamics are 

commonly variable over short lateral distances and tend to change frequently. Variations 

are induced by the following processes: 

1. tidal channels commonly bifurcate and meander over time, incising into 

previously deposited channel margin bar sediments; 

2. inlet systems typically have flood-dominant and ebb-dominant bedform 

development in differing locations within the tidal channel(s) ; 

3. shallower portions of tidal channels and channel margin bars are typically 

dominated by wave-swash bedforms; and 

4. sediments passing through tidal inlets or through barrier island breaches 

typically disperse in a radial pattern away from the inlet or breach upon 

entering the standing water of the lagoon. 

Paleocurrent data obtained from various locations and stratigraphic intervals within 

the white sandstone facies suggests widely varying sediment transport directions 

(Figures 3.8, 3.9, and 3.1 0) . Consistency of inferred transport direction is present 

only at a locality-scale and within limited stratigraphic intervals of the white sandstone 

facies section. For example, the inferred unidirectional northeasterly (offshore) 

transport direction observed at the Dawson Creek "A" locality suggests preservation of 

bedforms generated in an ebb-tidal channel. The paleocurrent data supports a 

hypothesis that each locality and stratigraphic interval represents a different portion of 

the tidal delta/tidal inlet complex. 

lchnofauna present in the white sandstone facies are representative of marginal 

marine settings based on studies of modern and ancient deposits (for example, Ekdale et 
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al., 1984; Kamola, 1984). Ophiomorpha, Thallassinoides, Skolithos, and Arenicolites 

burrows may be found in higher-energy settings within an estuarine/lagoon system. 

Arenicolites and Skolithos are typically present in upper shoreface deposits where wave 

swash processes dominate. Wave swash processes are the dominant fair-weather mode 

of sediment reworking in tidal channel margin bars. Teridolites burrows are commonly 

found in driftwood fragments transported by longshore currents or tides The occurrence 

of Anomia bivalves in white sandstone facies at the Dawson Creek "A" exposure, suggests 

a brackish water setting similar to that described by Kamola (1984). 

The observed relationship of the white sandstone facies with the yellow friable 

sandstone facies suggests juxtaposition of tidal delta/tidal channel deposits with 

lagoonward margins of barrier islands and shoals. The absence of oysters within the 

white sandstone facies is attributed to the energetic and ephemeral nature of the tidal 

channel/tidal delta system. The abrupt lateral contact with carbonaceous mudstones at 

Willow locality L-3 suggests contemporaneous development with lagoon margin 

sediments. 

Shell hash horizons in the white sandstone facies indicate periodic breaching of 

barrier islands and transport of gravel-size shell material into the lagoon during 

hurricanes or intense winter storms. This is a common depositional process in modern 

wave-dominated marginal marine environments. The genesis of shell hash deposits is 

further discussed below. 

The great thickness (1 0 to 16) meters observed in some exposures of the white 

sandstone facies may imply accretion of these deposits within the lagoon during a 

relative still-stand of sea level. Such thicknesses have been observed in a variety of 

settings of both microtidal and mesotidal estuarine systems (Clifton, 1982). 

The upper white sandstone unit at localities L-14 and L-15 on the southwest flank of 

Rattlesnake Mountain is interpreted as a washover fan deposit. The steeply inclined 
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unidirectional cross-beds, inferred southwest (onshore) direction of transport, fining

upward sequence, and close association with other shell hash units are characteristic of 

washover fans described along the Texas Gulf coast (Andrews, 1970) and along the 

Georgia coast (Deery and Howard, 1977). 

The upper white sandstone unit present at Willow locality L-3 may represent a tidal 

inlet channel sequence. A study of the modern Atlantic Coast Fire Island Inlet documented 

in Kumar and Sanders (1974) led to the development of a tidal inlet sequence which 

should be applicable to wave-dominated inlets. The sequence developed includes a basal 

tidal inlet channel lag deposit overlain by portions of the inlet representing a 

shallowing-upward sequence. The migrating tidal inlet sequence is, in a sense, analogous 

to the point-bar sequence of migrating river channels The resultant inlet sequence 

would be preserved as a sheet-like sand body due to relatively rapid inlet migration. As 

pointed out in Kumar and Sanders {1974), the migration of tidal inlets is a practically 

instantaneous process within the geologic time scale. Thus, even in the event of 

shoreface retreat through transgression, extensive inlet deposits would be expected. 

The upper white sandstone unit at Willow has similar characteristics to the tidal 

inlet channel sequence described above, consisting of a shell lag unit at the base, overlain 

by cross-bedded sands. As in the case of tidal channel and tidal delta sands, the highly 

variable distribution of cross-beds represents disparate portions of the inlet complex. 

Modern tidal inlets have bedforms representative of ebb-tidal flow, flood-tidal flow, 

meandering channel, and wave swash features. Rippled surfaces, generally ephemeral in 

nature in these settings, may be preserved in some cases due to relatively rapid 

deposition of sands where tidal and wave forces establish temporary locations of 

hydrodynamic equilibrium (Deery and Howard, 1977). The epsilon-type accretion 

surfaces apparent within this unit suggest the south-southwestward migration of a large 

tidal inlet complex. 
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Yellow Friable Sandstone Facies 

The yellow friable sandstone facies consists of very fine- to fine-grained sandstone 

that readily weathers to form yellow to tan colored slopes (Figure 3.2). A cliff-face 

exposure of this facies is present at Sierra Aguja L-1 (Figure 3.11 ). Sand grains 

within this facies are typically sub-angular, well sorted, and weakly cemented by 

calcite and ferroan calcite. This facies is highly fossiliferous in places; the most 

prominent macrofossils are oysters of the genus Flemingostrea (Figure 3.12). 

Stratigraphic sections representative of this facies are included in Figures 3.13 and 

3.14. 

Horizontal stratification is the only evident primary sedimentary structure 

preserved. Fossiliferous sections of this facies contain extensively bioturbated crude 

horizontal bedding near their upper contact. Most sections lack preserved primary 

structures. 

The yellow friable sandstone facies is distinct in its spectacular accumulations of the 

oysters Flemingostrea pratti and F. subspatulata. The facies occurs at every locality and 

is one which helps distinguish the Rattlesnake Mountain sandstone member from the 

other members of the Aguja Formation. The occurrence of these oysters is mentioned 

prominently in the discussion of the Aguja Formation by Adkins (1933). Though the 

presence of the oysters is not unique to the Rattlesnake Mountain sandstone member, 

with a few exceptions the large collections are found only within this member. Those 

sections which exhibit similarities to this facies, but lack fossils, represent either 

laterally equivalent sediments that were faunal-poor, or highly weathered sediments of 

other depositional facies. 

The oysters Flemingostrea pratti and F. subspatulata are found in either biostromal 

or transported accumulations. The character of the biostromes is interesting in that 
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Figure 3. 11 (top) Photograph of cliff-face exposure of the yellow friable sandstone 
facies at Sierra Aguja locality L-1. Note presence of horizontal 
layering which includes gray sandy mudstones. Exposure is 
capped by reddish brown, indurated sandstone of the convex-up 
cardid bivalve shell hash subfacies. View is toward the east. 
Height of the cliff-face exposure shown is approximately 8. 5 
meters. 

Figure 3.12 (bottom) Photograph of in situ Flemingostrea pratti, within the yellow 
friable sandstone facies, locality L-3 at Santa Elena. Color bands 
on Jacob's staff represent 1 0 centimeter increments. 
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Figure 3. 1 3 Stratigraphic section of the yellow friable sandstone at locality L-1 of the 
southwestern flank of Rattlesnake Mountain. The scale to the left of the 
stratigraphic column is in meters. Numbers in parentheses refer to 
stratigraphic position in centimeters. 
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McKINNEY SPRINGS TONGUE 
OF THE PEN FORMATION 

OPHIOMORPHA SANDSTONE FACIES 

YELLOW FRIABLE SANDSTONE FACIES 

TURRITELLID-DOMINANT 
SHELL HASH SUBFACIES 

(ll0.750 em) 

Yellowish-gray, friable. tine-g-ained sandstone containing 
abundant macrofosslts. Fauna present include AerrWigastrea pratti, 
FTtrningostrea subspatulata (present in cistinct accumulations, possibly 
biostromal acc:umulaticns), NfiiTJOdcn eu~ensis, Bnchidolltes sp., 
Ethmot:M'dium sp., Urrw sp., Cymela sp., Crasutel/a sp., Anania sp., 
Telllna sp., CMnptonectes sp., shan teeth, Hamulus onyx tubes, cnb 
pincers, and ramose and encrusting bryozoans • 

co-zzo em) 

Yellowish-gny, frable, very-fine- to fine-gnened sandstone. Slope 
taming, apparently stnJctureless un•t. 

CARBONACEOUS MUDSTONE FACIES 
OF THE LOWER SHALE MEMBER 
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Figure 3. 14 Stratigraphic section of the yellow friable sandstone facies at locality 1, 
Sierra Aguja. This relatively unweathered exposure exhibits the greatest 
detail of the yellow friable sandstone facies observed in this study. The 
scale to the left of the stratigraphic column is in meters. Numbers in 
parentheses refer to stratigraphic position in centimeters. 
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OPHIOMORPHA SANDSTONE FACIES 

CONVEX-UP CARDID BIVALVE 
SHELL HASH FACIES 

(621~56 em) 

(583~21 em) 

(46S.583 em) 

(41 5-469 em) 

(408-41 5 em) 

(163-408 em) 

(101-163 em) 

(D-101 em) 

Very light gray, friable, fine-grained sandstone. 

Gray sandy shale and mustone with thin, fine-gnined sandstone lenses. 

Yella.Msh t;l/ay friable, fin~ained sandstone with some gray clay wisps 
and distinct in situ Flemingostrea pratti horizons. 

Gray to daric gray shale and mudstone. 

tJ situ Flemngostrea pratfi horizon in yello~Msh gray, friable, fine-grained 
sandstone. 

Yellowish t;l/ay friable, fine-grained sandstone with numerous shale 
partings. 

Gray to daric gray shale and mudstone (samples SA-3 and SA-4). 

Poorty bedded to structureless yeiiOIMsh gray, friable, fine-grained 
sandstone and mudstone (s.nples SA· 1 and SA-2). 

CYMBOPHORA SHELL HASH FACIES 

LOW-ANGLE CROSS-STRATIFIED FACIES 
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each one is composed of one or the other oyster species, but seldom both. This feature is 

best demonstrated along the southwest flank of Rattlesnake Mountain. Here, a large 

biostrome of F. pratti is found at the same stratigraphic interval and within a lateral 

distance of a few tens of meters from a biostrome containing F. subspatulata. Overall, F. 

pratti is much more abundant within the Rattlesnake Mountain sandstone member. 

The oyster shells are host to numerous borings of the ichnogenera Gastrochaenaolites 

and Entobia. These borings are produced by lithophagid bivalves and clionid sponges 

respectively. Such borings on adult oyster shells range from sparse to abundant. Some 

of the shells are riddled with these borings, thus providing a means for in situ shell 

fragmentation. 

The crudely horizontally bedded sediments mentioned above contain a variety of 

whole and fragmented fossils, including preserved specimens, external molds, and 

burrows. These units, though somewhat indurated, are easily weathered and thus 

contribute to the "float" present on slopes of the yellow friable sandstone facies. The 

fauna includes Flemingostrea pratti, F. subspatulata, Nemodon eufalensis, Brachidontes 

sp., Ethmocardium sp., Lima sp., Cymella sp., Crassatella sp., Anomia sp., Tel/ina sp., 

rare Camptonectes sp., shark teeth ( Scapanorynchus and Squalicorax), Hamulus onyx 

tubes, crab pincers, and ramose and encrusting bryozoans. Ichnofossils present include 

Planolites-Paleophycus burrows (undifferentiated in the field study) and sparse 

Ophiomorpha burrows. Also present in places are phosphatic pebbles and bone 

fragments. 

The occurrence of faunal-rich units in the yellow friable sandstone is intimately 

related to the distribution of oyster biostromes. In sediments that are devoid of oysters, 

or where discrete and somewhat isolated oyster horizons occur (as at Sierra Aguja L-

1), other fossils are sparse or absent. Conversely, faunal-rich units always co-occur 

with large oyster accumulations. 
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The yellow friable sandstone facies overlies carbonaceous mudstone, sandy mudstone, 

low angle cross-stratified sandstone, shell hash deposits, or the Ophiomorpha sandstone 

described in this chapter. The yellow friable sandstone facies gradationally overlies the 

sandy mudstone facies. Contacts with other underlying facies are abrupt, implying 

either erosion of underlying strata prior to deposition of the yellow friable sand facies, 

or a rapid change in sedimentary processes. 

Sediments of the yellow friable sandstone facies appear to grade laterally into the 

white sandstone facies between localities L-5 and L-9, along the southwestern flank of 

Rattlesnake Mountain. As the white sandstone facies is highly weathered at locality L-9, 

facies change is inferred based on dominant color change and absence of oysters relative 

to the yellow friable sandstone facies. 

The yellow friable sandstone facies is present at single or multiple stratigraphic 

intervals within the sections studied. It is most commonly present immediately beneath 

the Ophiomorpha sandstone facies or the Turritella-dominant shell hash facies near the 

top of the Rattlesnake Mountain sandstone member. The Turritella-dominant shell hash 

facies may also be present lateral to sediments of this facies. The contacts with these 

overlying or lateral facies are typically abrupt. At several exposures along the 

southwest flank of Rattlesnake Mountain, and the northeast flank of Rattlesnake 

Mountain, the yellow friable sandstone is the uppermost facies and it is gradationally 

overlain by carbonaceous mudstone of the McKinney Springs tongue of the Pen 

Formation . 

The exposure at Sierra Aguja L-1 reveals a gradationally coarsening-upward 

sequence from gray mudstone and siltstone laminae to yellow friable sandstone (Figure 

3.14). Several oyster horizons within this sequence are draped by gray mudstone 

layers, approximately one centimeter in thickness, which may indicate that sudden 

clastic inundation terminated isolated oyster communities. All other exposures of the 
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yellow friable sandstone facies studied do not reveal the detail of the section found at 

Sierra Aguja L-1 , but it is assumed that all of the sections are somewhat similar in 

character. This assumption is supported by the occurrence of sandy mudstone slopes at 

the base of this facies at several other localities. The gradation between sandy mudstone 

and the yellow friable sandstone facies reflects increasing hydraulic energy. 

It should be noted that other facies may weather to form friable sands similar in 

character to the yellow friable sandstone facies. The facies are distinguished by tracing 

the outcrop laterally, where better exposure is provided. 

I nterpretatjon 

Sediments of the yellow friable sandstone facies were most likely deposited in one or 

both of the following environments: 

1. shallow, subtidal shoal systems or subaqueous barriers associated with an 

eroding deltaic headland system; and/or 

2. the lagoonward and shielded inlet margins of emergent barrier islands and 

spits, in other words, sand-dominant deposits within a protected bay setting. 

The stratigraphic position of this facies with respect to others interpreted as being 

lagoonal, shoreface, or foreshore in origin suggests a shallow littoral brackish to marine 

aquatic setting. Crude horizontal stratification within this facies suggests a 

predominance of current oscillation or low intensity swash processes. The lack of 

cross-bedding indicates that the environment was not host to pronounced tidal, 

longshore, or rip current systems necessary for unidirectional migration of bedforms. 

Studies of inner-shelf shoals flanking the Mississippi River delta complex reveal a lack 

of well-developed cross-stratification (Penland et al., 1988). Rather, these sections 

are structureless or exhibit crude horizontal bedding. 
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Bioturbation present in the yellow friable sandstone facies suggests that high wave 

or current energies responsible for the character of other associated facies were 

somewhat dissipated, at least periodically, in this depositional environment. This 

suggests some degree of shielding from higher energy environments. Planolites burrows 

are indicative of "soupy" substrates which indicate a low energy depositional setting 

(Ekdale et al., 1984). It is suggested that the structureless nature of most exposures of 

this facies is related to extensive bioturbation occuring during and immediately after 

deposition. 

In addition to the evidence of bioturbation, the association of very fine-grained 

sandstone with mudstone at several localities (best observed at Sierra Aguja L-1) also 

suggests a somewhat "protected" setting. The presence of disarticulated and fragmented 

fossils, however, is unlikely in an environment fully shielded from waves and currents. 

Exceptions occur in marginal marine settings where currents generated by severe 

storms introduce transported marine faunal constituents across the shoreface, through 

tidal inlets, or through temporary breaches in barrier islands. The evidence indicates 

an intimate association between mud or "soupy" sand layers and fossiliferous sandy 

layers deposited under more energetic settings. Such environmental settings have been 

documented in deposits along the modern East Coast of North America (see Wells, 1988). 

A study conducted by Wells (1988) on Cape Lookout Bight, North Carolina, a 

microtidal, wave-dominated coastline, revealed the presence of preserved mud layers in 

partially sheltered areas. These areas are repeatedly subjected to tidal currents, waves, 

and severe storms capable of resuspending mud-sized particles. Observations of the 

water column and of the sediments suggest that these muds accumulate rapidly as a result 

of the fallout of "marine snow". Marine snow is the term applied for aggregates of 

phytoplankton, protozoans, bacteria, fecal pellets, and clastic grains. The aggregate 

components are held together by "amorphous mucilage" and rapidly settle out of the 



water column. The mucilage and constituents of the "snow" apparently resist 

resuspension, thus accumulations may persist in the rock record. Periodic higher

energy events, especially storm-induced wave and current action, may introduce 

coarser material into such environments without extensively scouring the substrate. 
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The protected bay facies described along the modern Florida Gulf Coast (Davis et al., 

1989) appears to be very similar in character to the yellow friable sandstone facies in 

this study. The protected bay represents the lowest energy bay floor environment 

within the estuary. In the cited example, the facies is composed primarily of quartz sand 

with shell material and mud averaging less than 1 0 percent by weight. Bioturbation is 

extensive and oyster communities are prevalent where salinities are favorable. 

Studies of the presence and distribution of fauna in modern brackish to marine water 

environments partially support the interpretation of a lagoonal origin for the yellow 

friable sandstone facies. Environmental interpretations based on relating Late 

Cretaceous genera to modern genera and their ecology can be misleading without other 

supporting evidence. Other available evidence, however, supports the interpretation 

that certain genera have maintained similar ecological requirements over time. Studies 

on macroinvertebrate assemblages along the Texas Gulf Coast indicate the preferential 

occurrence of species within the genera Brachidontes, Anomia, and Tel/ina in lagoons and 

barrier islands (Bernard et al., 1970; Parker, 1959). In addition, modern oysters 

occur exclusively in lagoonal and estuarine settings (Stenzel, 1971 ). Lithophagid 

bivalves and clionid sponges are active in modern environments within estuarine 

(slightly brackish) to marine waters (Warme, 1975). 

A lagoonal setting suggests that some degree of isolation from normal marine 

salinities existed. Studies of modern lagoons along the Texas Gulf Coast indicate that wide 

ranging salinity gradients may occur in both a lateral and temporal sense, corresponding 

to weather conditions and proximities of fluvial channels, estuaries, and tidal inlets 
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(Parker, 1959). Thus, faunal distribution and abundance may fluctuate within such a 

transitional setting over time. All fauna present within the yellow friable sandstone 

facies suggest brackish to marine conditions. 

The co-occurrence of the oyster biostromes with faunal-rich units in the yellow 

friable sandstone, likely indicates the establishment of small communities in association 

with these biostromes. Such physical structures would also favor the entrapment of 

transported faunal constituents by impeding current flow. Oyster reef development, 

common within favorable modern lagoonal settings, is not present within the yellow 

friable sandstone facies. 

Qphiomorpha Sandstone Eacjes 

The Ophiomorpha sandstone facies is recognized as the widespread body of sediment 

within the Rattlesnake Mountain sandstone member which contains abundant, 

recognizable burrows of the ichnogenus Ophiomorpha (Figure 3.15). This facies is 

comprised of yellowish gray to tan-colored, indurated, fine- to very fine-grained sands. 

The sandstone is light gray in color on fresh surfaces. Irregular, horizontal bedding 

dominates this facies (Figure 3.16) . Localized cross-bedding, where present, suggests a 

predominant offshore direction of transport (Figure 3.17). Typically, sandstones of 

this facies form resistant continuous ledges which are prominent on slopes otherwise 

composed of more friable material. 

Ophiomorpha burrows are present in several other lithofacies observed in this 

study. For ease of reference and application to field studies, the term Ophiomorpha 

sandstone facies applies specifically to those deposits where the dominant observed 

sedimentary structures are burrows of the ichnogenus Ophiomorpha. 

Ichnofossils present within this facies include numerous Ophiomorpha burrows and 

branching or unbranching Paleophycus burrows. Macrofossils present include external 
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Figure 3.15 (top) Photograph of Ophiomorpha burrows within the Ophiomorpha 
sandstone facies. Exposure shown is near locality L-1 at Sierra 
Aguja. 

Figure 3.16 {bottom) Photograph of the typical crude horizontal stratification within 
the Ophiomorpha sandstone facies. Exposure shown is near 
locality L-1 at Sierra Aguja. Color bands on Jacob's staff shown 
in photo are in 1 0 centimeter increments. 
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n = 43 

Figure 3. 1 7 Paleocurrent data collected from cross-bedded units present within the 
Ophiomorpha sandstone facies. 
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molds of the genus Venericardia, and unidentified, fragmented bivalve shells. Bivalve 

shells present are commonly disarticulated, abraded and/or fragmented, thus indicating 

that the skeletal components were transported to some extent and/or fragmented by 

high-energy conditions. Whole disarticulated bivalve shells are generally sparse and 

are almost exclusively oriented with the convex side of the shell up. Preserved burrows 

are the only obvious in situ tau nal evidence present. 

The thickness of this facies varies from 30 centimeters to about 300 centimeters, 

however, sections at Sierra Aguja and Willow reveal thicknesses of 640 and 860 

centimeters, respectively. These anomalously thick sections indicate either more 

complete preservation of these sediments or perhaps the repetition and stacking of the 

such deposits at stratigraphic inflection points (see Donselaar, 1989). 

The Ophiomorpha sandstone facies is typically present at or near the top of the 

Rattlesnake Mountain sandstone section, indicating widespread facies establishment 

occurred prior to deposition of clays and muds of the overlying McKinney Springs tongue 

of the Pen Formation. This facies is also present within lower stratigraphic intervals at 

several localities. Representative stratigraphic positioning of this facies may be 

observed in the cross sectional diagrams presented in Chapter VI. 

The exposures at Willow near the L·S section reveal the presence of thin, platy, 

brown-weathering sandstones associated with the uppermost portion of the Ophiomorpha 

sandstone facies. These sands contain numerous Arenicolites burrows. The burrows are 

observed on the upper bedding surface as paired "holes." Observation of these features 

in profile view reveals U-shaped burrows lacking spreite, hence their identification as 

Arenicolites. 

Several exposures reveal that sediments of the Ophiomorpha sandstone facies grade 

laterally into, and are overlain by shell hash deposits (discussed below) consisting of 

transported fauna. These shell hash deposits also contain in situ Ophiomorpha and 



exposure to hydrodynamic conditions which precluded the accumulation of muds. The 

dominance of Ophiomorpha and Arenicolites also suggest that a continually shifting 

substrate was present. 

105 

Ophiomorpha burrows are dwelling structures produced by decapod shrimp and are 

commonly communal structures (Frey et al., 1978). A study of the modern shrimp 

Callianassa major, responsible for modern Ophiomorpha-type burrows, suggests that 

the organism lines its burrow with clay pellets only in conditions of shifting substrate 

(Frey and Howard, 1972). Unlined Callianassa-type burrows have been identified as 

Thallasinoides burrows (Frey et al., 1978) or as Planolites burrows (Frey and Howard, 

1972) in the rock record. The relatively stable structure of clay-lined Ophiomorpha 

burrows favors their preservation in conditions of shifting substrates. In addition, 

callianassid burrows are known from modern studies to extend to depths of up to five 

meters below the sediment-water interface (Howard and Scott, 1983). Thus, lower 

portions of the burrow are not subject to wave reworking. Most of the other burrowing 

organisms that inhabit the upper and middle shoreface have shallow and ephemeral 

burrows (Howard and Frey, 1984). These factors favor the preservation of 

Ophiomorpha burrows over other burrow types that probably co-existed at the time of 

deposition. All other facies studied in this report which have preserved bioturbation 

contain several co-occurring ichnogenera. 

The presence of Arenicolites burrows indicates a shallow littoral environment 

(Crimes, 1975). These burrows have been interpreted as burrowing/feeding 

structures. As in the case of the clay-lined Ophiomorpha burrows, Arenicolites also 

indicates conditions of shifting substrate. 

Cross-bedding within the Ophiomorpha sandstone facies represents offshore

directed bedload transport of sediments from more landward foreshore and shoreface 



104 

Thallassinoides burrows. Many of the Thallassinoides burrows are infilled with shell 

hash sediments from the surrounding matrix. 

Ophiomorpha burrows in these strata are present as external molds of the original 

clay-lined burrow although casts may be found in less weathered rocks. The burrows 

range in diameter from approximately one to three centimeters and are oriented in 

straight, branching, vertical, oblique, and horizontal orientations. Vertical shafts 

predominate at most localities although boxwork structure is present at Sierra Aguja, 

Willow, and Dawson Creek "A" exposures. The upper surface of the exposure at Sierra 

Aguja L-11 reveals protrusions of numerous Ophiomorpha burrows above the 

surrounding sandstone, and suggests that substrate scour occurred prior to deposition of 

overlying layers. Preserved boxwork structure present on some of the upper bedding 

surfaces also supports the probability of substrate scour. Modern studies of 

Ophiomorpha burrows indicate that boxwork structures are present only within lower 

levels of the burrow system (Frey et al., 1978). These same studies indicate that 

vertical shafts predominate in higher energy environments, whereas boxwork structure 

is indicative of lower energy environments. 

Interpretation 

The stratigraphic position, faunal constituents, lithology, sedimentary structures, 

and geometry of the Ophiomorpha sandstone facies indicate that the widespread units 

were deposited in a middle shoreface environment. Several other possible 

environmental interpretations were considered, including upper shoreface, lower 

shoreface, foreshore, and tidal delta. The parameters observed, however, most strongly 

indicate that this facies is of middle shoreface origin. 

Lithologies and sedimentary structures within this facies suggest a wave and current 

dominant depositional setting. The absence of mud within this facies indicates continual 



exposure to hydrodynamic conditions which precluded the accumulation of muds. The 

dominance of Ophiomorpha and Arenicolites also suggest that a continually shifting 

substrate was present. 
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environments. Exposures at Sierra Aguja indicate a limited lateral extent of these 

cross-bedded units. Lateral stratigraphic equivalents display crude horizontal bedding. 

Sediment transport within typical wave-dominated settings is affected by onshore

directed transport induced by shoaling wave processes, longshore transport, and 

offshore-directed rip currents. Depositional systems dominated by wave processes 

commonly are host to rip current systems within the upper shoreface. Rip currents are 

generated in the upper shoreface in response to the temporary mass transport of water 

toward the shore resulting from inbound wave motion. Hence, paleocurrent patterns 

within wave-dominated shoreline deposits may contain units that exhibit horizontal beds 

in close proximity to onshore-, longshore-, or offshore-directed cross-beds. The 

presence of offshore-directed cross-beds within the Ophiomorpha sandstone facies is not 

unexpected, and is interpreted as a result of rip current systems within the middle 

shoreface environment. 

An alternative hypothesis is that the Ophiomorpha sandstone facies records storm 

transport of sands across the shoreface environment. It is known from modern studies 

that storms can transport sediment offshore at a greater rate than fair-weather 

processes can return them onshore (Niedoroda et al., 1985). Offshore-directed cross

beds may have resulted from offshore migrating bedforms generated by geostrophic flow 

conditions induced by intense storms, as discussed by Swift et al. (1983). This 

hypothesis suggests that fair weather-induced bedform migration may have little effect 

compared to storm transport. Bioturbation in the Ophiomorpha sandstone facies must 

have occurred during fair weather periods following such storms. 

In exposures where the Ophiomorpha sandstone facies grades into or is overlain by 

shell hash units, relationships suggest the introduction of storm-transported shell 

fragments onto the middle shoreface. During subsequent fair-weather conditions, the 

middle shoreface experienced bioturbation that imprinted the rock record of these shell 
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hash units. Evidence of substrate scour, mentioned above, is common in shoreface 

environments, especially those of transgressive depositional systems. Such scour can be 

induced by episodes of increased wave and current activity, and by the long-term 

process of shoreface retreat (Elliott, 1986). 

The widespread presence of this facies near the top of the Rattlesnake Mountain 

sandstone member section throughout exposures in Big Bend National Park suggests a 

sheet-like geometry. This geometry is consistent with the interpretation of a middle 

shoreface environment which migrated landward in response to transgressive conditions. 

Facies repetition, caused by landward and seaward migration of shoreface 

environments, may be responsible for the apparent presence of this facies at lower 

stratigraphic intervals. It should be noted, however, that Ophiomorpha burrows are 

present in several coastal environments in modern settings. Indeed, the multiple 

Ophiomorpha horizons present at some of the localities studied may simply reflect 

preservation of Ophiomorpha in other sedimentary facies. 

Shell Hash Facies 

The Rattlesnake Mountain sandstone member contains numerous shell hash units. 

Exclusive of faunal-rich units within the yellow friable sandstone facies, six distinct 

shell hash subfacies have been identified in the field study. These include the following: 

1. shell hash deposits containing abundant turritellid gastropods; 

2. shell hash deposits dominated by Cymbophora bivalves; 

3. shell hash deposits dominated by layered convex-up oriented cardid bivalve 

shells; 

4. shell hash deposits associated with the white sandstone facies; 

s. shell hash deposits present at the South Willow locality associated with a 

Crassostrea reef complex; and 



6. shell hash deposits present at the Santa Elena locality containing abundant 

inoceramid bivalves and Baculites. 

108 

A discussion of each of these subfacies is presented below. An interpretation of their 

origin is presented following the descriptive portion. Representative stratigraphic 

positioning of these facies may be observed in the cross sectional diagrams presented in 

Chapter VI. 

Turrjtel!id-domjnant shell hash subfacies 

The turritellid gastropod-dominant shell hash subfacies is an indurated, dark 

reddish brown-weathering shell hash deposit containing abundant whole and fragmented 

turritellid gastropods within a fine-grained sandstone matrix. The facies also contains 

sparse to moderately abundant Flemingostrea oysters and other bivalves, shark teeth, 

and Diploconcha worm tubes. Unweathered surfaces of rocks in this facies are gray. The 

matrix includes clastic grains, prismatic calcite (possibly fragmented inoceramid 

bivalve shell prisms) and ferroan calcite cement. In places, phosphatized sediment, 

especially within gastropod or articulated bivalve shells, is also present. 

Deposits of this facies occur as channelized beds or as sheet-like deposits ranging in 

thickness from 30 centimeters to over 100 centimeters . The majority of units 

measured are approximately 80 centimeters in thickness. Good exposures of this facies 

are present at localities along the southwestern flank of Rattlesnake Mountain and at the 

easternmost Willow localities. The turritellid hash beds commonly appear as pods 

jutting out within, or immediately above, the yellow friable sandstone facies, typically 

near the top of the Rattlesnake Mountain sandstone member section (Figure 3.18). At 

localities L-15, L-12, L-11, and L-7 along the southwestern flank of Rattlesnake 
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Photograph of typical pod-like weathering pattern observed in most 
exposures of the turritellid-dominant shell hash subfacies. Example 
shown is near the top of the Rattlesnake Mountain sandstone section at 
locality L-4,-southwestern flank of Rattlesnake Mountain. View is 
toward the north. Each color band on Jacob's staff shown is 1 0 
centimeters in length. 
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Mountain, this facies is present at the highest stratigraphic position within the member, 

and at multiple stratigraphic intervals at localities L-15 and L-14. 

The shell hash includes both whole and fragmented fossils. In addition to gastropods 

Haustator trilira and Turritella bilira, oyster shells of Flemingostera pratti and F. 

subspatulata are present both as articulated or as disarticulated, commonly fragmented 

specimens. These shells, as typical within the Rattlesnake Mountain sandstone member, 

are commonly hosts for the ichnogenera Gastrochaena (lithophagid bivalve borings) and 

Entobia (clionid sponge borings). Other faunal components within this facies include 

Crassatella, Gyrodes, Squalicorax, Scapanorynchus and Diploconcha. Diploconcha worm 

tubes within the facies appear to be broken and probably transported, however, it is 

possible that these worm tubes were developed by organisms inhabiting the shell lag 

hardground and were subsequently fragmented by later transport and weathering. 

The facies exhibits a hemispherical pod-like weathering pattern at exposures along 

the southwest flank of Rattlesnake Mountain and at the eastern Willow exposures. The 

best exposures of this characteristic are present near Willow locality L-5. Here, the 

"pods" appear to be arranged in a geometrically regular pattern. Each "pod" typically 

measures 90 centimeters in thickness and ranges from 1.3 to 2.3 meters in diameter. 

Spacing between individual pods typically ranges from 1.8 to 4.8 meters. 

The densest accumulation of Flemingostrea oysters observed in the entire study area 

is present at Willow localities L-9 and L-16 at the base of less pronounced pods and 

sheet-like deposits of this facies (Figure 3.19). Here, both whole articulated, and 

abraded disarticulated Flemingostrea pratti shells are present. The majority of these 

oysters are not cemented within the hash facies, rather, they are present at the base of 

the hash beds. Turritellid gastropods in rocks at these localities range from sparse to 

abundant. 
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Figure 3. 1 9 Photograph of dense accumulation of Flemingostrea pratti shells in deposit 
associated with turritellid-dominant shell hash subfacies, Willow locality 
L-9. Scale in photograph is 15 centimeters in length. 
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Trace fossils present in this facies include those of Ophiomorpha, Thallassinoides, 

and Zoophycos. Ophiomorpha and Thallassinoides burrows are observed at each locality 

and are commonly infilled with fine shell detritus of the surrounding matrix. Zoophycos 

burrows were observed only at exposures along the southwest flank of Rattlesnake 

Mountain, the Tule Mountain section, and at the eastern Willow exposures. The best 

examples of Zoophycos burrows are present at Willow localities L-5, L-9, and at L-16 

within the pod-like outcrops described above (Figure 3.20). 

Paleocurrent data are sparse within this facies. Shell components are typically 

randomly oriented, though alignment of turritellid gastropods was observed at the Tule 

Mountain locality on a fallen block. Cross-bedding is observed only at locality L-11 

along the southwestern flank of Rattlesnake Mountain. Here a cross-bedded exposure is 

observed, indicating a northeastward (offshore) direction of transport (see Fig. 3.21 ). 

Cymbophora -dom jnant shell hash subfacjes 

The Cymbophora-dominant shell hash subfacies is a highly indurated dark reddish 

brown-weathering shell hash deposit containing, almost exclusively, whole and 

fragmented shells of the bivalve genus Cymbophora. The facies is present as a sheet-like 

deposit, approximately 70 centimeters in thickness, between layers of the low-angle 

cross-stratified facies at the Sierra Aguja localities. 

The Cymbophora shells are found in dense accumulations. Each shell is typically two 

centimeters in width and is present in a fine- to very fine-grained sand matrix. Sparse 

fish and shark teeth are also present in places. No other fauna were identified within 

this facies during the field study. This facies was not observed at other localities, 

however, Cymbophora bivalves are found as apparently transported shells in lesser 

numbers within other faunal-rich deposits. 



Figure 3.20 Photograph of Zoophycos burrow in turritellid-dominant shell hash 
subfacies near Willow locality L-5. Scale in photograph is 15· 
centimeters in length. 
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Figure 3.21 Paleocurrent data obtained from exposures of the shell hash facies. Top 

diagram represents data collected from the turritellid-dominant shell 

hash unit near locality L-11, southwestern flank of Rattlesnake 

Mountain. Middle diagram represents data collected from a convex-up 

cardid bivalve shell hash unit exposed near locality L-1 5, southwestern 

flank of Rattlesnake Mountain. Bottom diagram represents data collected 

fr~m a convex-up car did bivalve shell hash unit exposed near locality L-

7, northeastern flank of Rattlesnake Mountain. 
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Convex-up cardjd bjyalye shell hash subfacjes 

The convex-up cardid bivalve shell hash subfacies is a highly indurated, dark 

reddish brown-weathering shell hash deposit between 1.5 and two meters in thickness. 

Cardid bivalves of the genera Granocardium, Ethmocardium, and Venericardium dominate 

the fauna within this facies, though sparse Cymbophora, turritellid and other 

gastropods, shark teeth, bryozoans, and fragmented Diploconcha worm tubes are also 

present. In places, Ophiomorpha or Thallasinoides burrows are present within this 

facies. 

Excellent exposures of this facies are present at Sierra Aguja (Figures 3.11 and 

3.22), along the southwestern flank of Rattlesnake Mountain, and the northeastern flank 

of Rattlesnake Mountain. In addition, a possibly channelized unit of this facies is present 

near the Willow L-5 locality. The facies disconformably overlies deposits of the yellow 

friable sandstone facies, the sandy mudstone facies, or (at locality L-15 along the 

southwest flank of Rattlesnake Mountain and locality L-3 at Willow) the white sandstone 

facies. This shell hash facies underlies deposits of other shell hash facies, the 

Ophiomorpha sandstone facies, or the white sandstone facies, as at Willow locality L-3. 

With the exception of the possible channel-like character observed at Willow 

locality L-5 and locality L-15 along the southwestern flank of Rattlesnake Mountain, the 

geometry of this facies appears to be mostly sheet-like. Lateral variation and thinning 

is observed at each locality. In addition, the orderly convex-up orientation of the cardid 

bivalves present diminishes laterally into a disorderly aggregate of bivalve, gastopod, 

and shark teeth components. The lateral character of this facies is best observed at 

localities L-14 and L-15 along the southwestern flank of Rattlesnake Mountain. At 

Willow locality L-5, this facies is laterally equivalent to a low-angle cross-bedded 

sandstone unit. 
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Figure 3.22 Close-up photograph of the convex-up cardid bivalve shell hash subfacies 
at Sierra Aguja locality L-1. Note "orderly" convex-up orientation of 
mostly cardid bivalve shell fragments. Increments on scale in photograph 
are in millimeters. 



11 7 

Detail of the internal stratigraphy within this facies is best studied at Sierra Aguja 

locality L-1 . Here an excellent exposure is present revealing a thickness of two meters. 

Disarticulated cardid bivalve shells up to three centimeters in diameter are present 

with the convex side of the shell oriented stratigraphically upward. The shells are 

present in discrete layers from one to fourteen centimeters in thickness in a matrix of 

fine- to very fine-grained sandsone. Unidentified burrow escape structures are noted in 

some places, implying rapid deposition of this unit. Exposures of this unique and readily 

identifiable facies may be correlated across faults and recent erosion surfaces present at 

both Rattlesnake Mountain and Sierra Aguja localities. 

A cardid bivalve shell hash deposit lacking the orderly convex-up arrangement is 

present at the South Willow locality. The deposit is approximately 60 centimeters in 

thickness, overlies the Ophiomorpha sandstone facies and is overlain by sandy mudstone. 

The deposit is noted for its very high density of fragmented bivalve shells. This unit may 

be an example of the disorderly aggregate that occurs on the flanks of the similar 

deposits at locality L-14 on the southwestern flank of Rattlesnake Mountain. 

Shell hash deposits associated wjth the 
whjte sandstone facies 

Shell hash deposits associated with the white sandstone facies are present at Willow 

and South Willow localities. The facies is characterized by a moderately indurated, 

brown to yellow-weathering fine-grained sandstone. Faunal constituents present within 

this facies include molds of the genus Venericardium, whole or fragmented shells of the 

genus Pychnodonte, shell fragments of the genus Crassostrea, shark teeth, fish 

vertebrae, unidentified bone fragments, Granocardium impressions, inoceramid molds, 

fragmented shells of the genus Flemingostrea, internal molds of unidentified ammonites, 

and wood fragments. An ichnofauna including Diplocraterion with retrusive spreite, 

Thallassinoides, and Ophiomorpha is present in the deposits at the Willow localities. 
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Crude horizontal bedding is the prominent sedimentary structure at each locality. 

Greater induration within this unit relative to the underlying white sandstone facies has 

lead to the development of resistant brown-weathering ledges which can be correlated 

across the Willow and South Willow localities. The facies appears to be sheet-like in 

geometry, and covers a broad area at the Willow exposures. The term "shell hash facies" 

is applied loosely to this unit, as the number of shell constituents at each exposure 

ranges from sparse to moderately abundant. The similarity in faunal constituents, 

sedimentologic characteristics, and weathering profile in each of the exposures, 

however, suggests a similar mode of origin for this unit. 

This facies disconformably overlies white sandstone deposits at Willow localities L-

3 and L-5, comprising a layer approximately 50 centimeters in thickness. At the South 

Willow exposure, the unit also disconformably overlies white sandstone deposits and is 

up to three meters in thickness. The variation in thickness noted in the field study is 

likely a result of gradation with surrounding facies or preservation of multiple layers at 

the South Willow exposure. 

At Willow locality L-5, this facies is overlain by a 6.4 meter-thick white sandstone 

facies section. At Willow locality L-3, the shell hash facies is overlain by a cross

bedded sandstone which grades laterally into the yellow friable sandstone facies. The 

shell hash facies at the South Willow exposure is overlain by sandy mudstone deposits. 

Shell hash subfacjes associated with Crassostrea 

A shell hash deposit associated with abundant Crassostrea oysters is present at the 

South Willow exposure. The unit is composed of a dark reddish brown weathering, fine

grained sandstone containing an abundance of highly fragmented cardid bivalves, 

turritellid gastropods, Crassostrea, and Flemingostrea shells. In addition, 

Thallassinoides burrows are present. 
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This shell hash type was only noted at the South Willow exposure and appears to be a 

unique deposit. This unit, approximately 80 centimeters in thickness, disconformably 

overlies, and is laterally equivalent to, Ophiomorpha sandstone deposits. The unit 

underlies yellow friable sandstone deposits. Though exposures are discontinuous, the 

apparent lateral equivalence with Ophiomorpha sandstone deposits suggests a channelized 

or restricted sheet-like geometry. 

Shell hash subfacjes dominated by 
jooceramjd bjyalyes and Baculites 

The basal unit of the Rattlesnake Mountain sandstone member at the Santa Elena 

locality is comprised of a unique shell hash deposit, noted for its accumulation of 

inoceramid bivalves and specimens of the ammonite genus Baculites. This subfacies is a 

light gray to brownish gray, indurated, fine-grained sandstone, approximately 1.2 

meters in thickness, which weathers to form a craggy unit with crude horizontal 

bedding. This subfacies appears to be restricted to the Santa Elena exposures, though 

portions of its macrofauna! content bear some resemblance to that exposed just above the 

base of the Rattlesnake Mountain sandstone at Willow locality L-5. 

Other macrofauna present in this facies, both as whole and fragmented specimens, 

include unidentified ammonites and gastropods. Disarticulated and commonly fragmented 

specimens of Crassostrea and Flemingostrea are also present. Specific orientation of the 

macrofauna! components is not observed in this unit. Baculites specimens within this 

facies, consisting of whole and fragmented internal molds, are tentatively identified as 

Baculites mclearni. Coiled ammonites within this facies are tentatively identified as 

Pachydiscus. 

As discussed above, this subfacies is present at the base of the Rattlesnake Mountain 

sandstone member, disconformably overlying carbonaceous mudstone of the lower shale 

member. The lower contact appears erosive in nature. This shell hash facies is overlain 
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by sediments of the yellow friable sandstone facies containing moderately abundant fish 

teeth, shell fragments, and bryozoan fragments. 

General Interpretation 

Each of the above shell hash facies was likely deposited as a result of reworking of 

shoreface, tidal inlet, and backbarrier sediments via storm and fair-weather processes. 

Paleocurrent directions obtained from several of the exposures of this facies is shown in 

Figure 3.21. The deposits are similar in character to shell beds described in studies of 

the Texas Gulf Coast (Hayes, 1967; Bernard et al., 1970; Davies et al., 1989) which 

document shell-rich units within a microtidal setting associated with tidal inlets. 

The variation in faunal content between shell hash deposits of the Rattlesnake 

Mountain sandstone member is attributed both to variations in the shell source region 

habitat (reworking of disparate portions of the coastal depositional environment) and to 

hydrodynamic sorting. Variations in hydrodynamic sorting are related to the 

sedimentary processes specific to the locality of deposition. 

Shell deposits studied in the San Luis tidal inlet along the Texas Gulf Coast (Davies et 

al., 1989) vary in density, content, and composition. Approximately 50 percent of the 

shells examined were locally derived, with the remainder having been transported from 

a different portion of the coastal sedimentary environment. Only 42 percent of the 

fragmented shells were locally derived. The San Luis tidal inlet study, as well as other 

studies conducted along the Florida Gulf Coast and Georgia Coast, indicate that the shells 

contained within many of these deposits have been reworked numerous times. Agitation 

of shoreface sediment during hurricane events is known to rework inner shelf sediment 

to a depth of two meters below the sediment/water interface. 

As observed in studies of modern wave-dominated coastal environments (e.g., Kumar 

and Sanders, 1976; Hayes, 1967), storm-derived shell deposits comprise a 
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considerable portion of shoreface sedimentary sections. Many examples of Mesozoic 

shoreface storm deposits are documented in the geologic literature (e.g., Brenner and 

Davies, 1973; Rice, 1984). The specific interpretation applied to each of the shell hash 

subfacies is based primarily on facies association. A more detailed taphonomic study 

may reveal additional information about the origin of these deposits, however, such a 

study is beyond the scope of this project. Interpretations for each subfacies are 

presented below. 

Interpretation of turrjtelljd-domjnant 
shell hash sybfacjes 

The position of this facies over the yellow friable sandstone facies suggests a sudden 

introduction of coarse-grained material over a shoal deposit. The sheetlike geometry and 

consistent stratigraphic position for the most prominant of these deposits (Rattlesnake 

Mountain and Willow localities) suggests a major storm event affecting a large area. The 

inclusion of fragmented and in some instances articulated Flemingostrea suggests that 

reworking of the shoals (primary habitat for these oysters) occurred. In Cretaceous 

deposits of the Western Interior Seaway, turritellid gastropods typically inhabited inner 

and middle shelf environments (Kauffman, 1967), suggesting these deposits were 

derived from storm transport directed toward or alongside the shoreline. 

The rarity of primary sedimentary structures within this unit suggests obliteration 

of the original fabric by bioturbation or intense reworking of the sediments during or 

following the storm event. The offshore direction of transport indicated by the cross

beds exposed at locality L-11 (southwestern flank of Rattlesnake Mountain) has been 

observed in modern studies of hurricane effects on coastlines. Large-scale offshore 

transport of shoreface sediments is known to occur on modern coasts as a result of 

geostrophic flow conditions set up by landward directed surface winds (Morton, 1981 ). 



Maximum offshore flow velocities occur shortly after the oceanic water column 

experiences the maximum wind stress during the passage of a storm. 
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The presence of Zoophycos burrows within this facies is unusual, given the current 

theory that Zoophycos burrows are restricted to deep-sea environments in post

Paleozoic strata {Bottjer et al., 1987}. Facies relations observed in the Rattlesnake 

Mountain sandstone member strongly indicate that all of these shell hash units were 

deposited in shallow water environments. One possible explanation for the presence of 

Zoophycos in these shell hash deposits relies on the notion that Zoophycos producers 

inhabited anaerobic substrates typical of deeper water environments. Decomposition of 

abundant organic material within the shell hash unit following deposition may have 

generated anaerobic conditions within the substrate. Zoophycos producers were then 

able to take advantage of these temporary conditions. Zoophycos burrows are not found 

within any of the other shell hash subfacies. Perhaps the thickness of other shell hash 

deposits was not sufficient to generate adequate anaerobic conditions, and/or abundant 

organic material was not present to induce anaerobic conditions. 

Although burrows of Ophiomorpha and Thallasinoides are also found within these 

deposits, the burrows are typically present only within the uppermost portion of the 

facies. These burrows would be developed later, as normal shoreface conditions were 

re-established following storms. 

Interpretation of the Cvmboohora-dominant 
shell hash subfacjes 

The Cymbophora-dominant shell hash subfacies appears to be a deposit associated 

with the reworking and concentration of shell material across the middle shoreface or 

tidal channel areas. The thickness of the deposit suggests somewhat rapid deposition 

which would be expected during a storm event. Apparently a Cymbophora-dominant 
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units, establishment of shoreface conditions over storm deposits has occurred with the 

resumption of fair-weather processes. 

Interpretation of the shell hash deposits 
assocjated wjth the whjte sandstone facies 

This shell hash subfacies appears to be a concentration of shell material and other 

hard parts as a result of normal fair-weather processes within tidal inlet channel and 

tidal delta environments. Swash processes experienced within this subenvironment will 

typically rework the existing substrate of shoreface-derived sediment and older storm 

deposits. It is also possible, within portions of this subfacies having greater 

accumulations of hard parts, that storm processes operating over the tidal inlet and tidal 

delta areas have concentrated the faunal constituents. The ichnofauna present within this 

subfacies indicate substrate reworking during fair weather processes. In general, this 

subfacies does not exhibit the high density of abraded, fragmented, and disarticulated 

shells observed in the "episodic" shell hash deposits described above. In addition, this 

subfacies appears to be gradational with the enveloping white sandstone facies. 

Interpretation of the shell hash subfacjes 
associated with Crassostrea 

Other than the presence of Crassostrea reef deposits, this subfacies appears to be 

similar in character and origin to the turritellid-dominant shell hash subfacies. This 

unique deposit suggests that inundation of the back-barrier or tidal inlet region 

occurred. 

Interpretation of the shell hash subfacies 
dominated by inoceramid bjyalyes and Baculites 

The erosive contact with underlying carbonaceous mudstone of the lower shale 

member suggests that this shell hash facies was deposited as a lag during incipient local 

transgression. The large clast size of the macrofauna indicates a strong surge across a 



former marsh/swamp environment. Accumulations of the ammonites observed may 

indicate rafting of the shells from the marine environment and deposition across the 

lagoonal shoreline. 
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The presence of the overlying yellow friable sandstone facies indicates establishment 

of shoal conditions over the shell lag deposit. Mudstones associated with lagoonal deposits 

are not observed immediately above this facies. If a barrier island had developed and 

provided some shielding of the initial shoreface and development of a lagoon, the record 

has been removed by encroaching higher·energy processes. 

Low·angle Cross-stratified Sandstone Facies 

The low-angle cross-stratified sandstone facies is comprised of cross-bedded, well

sorted, fine- to very fine·grained sandstone. This facies weathers to form flaggy cross

bedding with individual beds up to three centimeters in thickness (Figure 3.23). Sparse 

bivalve shell fragments with maximum dimensions of up to one centimeter are present 

in discrete layers. The term low·angle cross-stratified sandstone is here applied to 

strata exhibiting one of two distinct, but readily recognizable bedding types. These are: 

{1) multi-directional cross-laminae with curved, parallel or curved, non-parallel 

stratification; and (2) low·angle trough cross-bedding. 

Many of the characteristics described below are similar to those of sediments of the 

white sandstone facies. The distinction between the low-angle cross-stratified sandstone 

facies and the white sandstone facies is based on color variation, absence of clay layers, 

and paucity of unidirectional cross-beds in the former. 

Type (1) low-angle cross-stratified sediments are best exhibited along the 

northeast flank of Rattlesnake Mountain. Here, the cross-beds are omni-directional and 

can be traced for lateral distances of up to ten meters. The thickness of each layer 

ranges from three millimeters to two centimeters. Individual beds are less than one 
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Figure 3. 23 Photograph of a typical section of the low-angle cross-stratified sandstone 

facies near locality L-7 of the northeastern flank of Rattlesnake Mountain. 

View is toward the northeast. Jacob's staff shown is 1 . 5 meters in length 

with each color band being 1 0 centimeters in length. 



centimeter thick and are therefore referred to as laminae (Collinson and Thompson, 

1982). In places, climbing wave ripples and reactivation surfaces are apparent. 

Samples of these sediments, observed petrographically, reveal bimodal grain size 

layering. 
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Type (2) cross-stratified sediments are best exhibited at Sierra Aguja Locality 3. 

These sediments appear almost hummocky in nature but are actually very low angle 

trough cross-beds. Each bed is typically three centimeters in thickness. Symmetrical 

straight-crested ripples are present on the foreset surfaces of many of the cross-beds. 

Laterally, Type (2) cross-stratified sediments of this facies grade into the Ophiomorpha 

sandstone facies, Type (1) cross-stratified sediments, or carbonaceous mudstone. The 

Type (2) cross-stratified facies at Sierra Aguja thins considerably over a short lateral 

distance. Sections separated laterally by approximately 500 meters reveal 

stratigraphic pinch-out from a laterally equivalent thickness of 4.8 meters. 

The low-angle cross-stratified facies typically overlies sediments of the white 

sandstone facies. The facies is overlain by the yellow friable sandstone facies or shell 

hash units. Low-angle cross-stratified sands may occur at multiple intervals 

throughout the Rattlesnake Mountain sandstone member, however, most examples occur 

in the middle of the sequence. Representative stratigraphic positioning of this facies 

may be observed in the cross sectional diagrams presented in Chapter VI. 

I nterpretatjon 

The low-angle cross-stratified sandstone facies represents deposition in foreshore 

and upper shoreface environments, and where associated with the white sandstone facies, 

the shallowest and/or proximal portion of flood tide deltas. The sedimentary structures 

are typical of those present in modern foreshore environments where rapidly varying 

currents and wave swash processes dominate. 
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Modern foreshore environments are host to a variety of burrowing organisms, 

however, even structurally reinforced burrows such as those of Ophiomorpha are not 

expected to be preserved in the rock record as continual wave swash continually reworks 

the substrate. Thus, the lack of preserved bioturbation features is likely the result of 

subsequent destruction by wave swash rather than a lack of former burrowing 

organisms. 

The close relationship and subtle differences between the low-angle cross-stratified 

sandstone and the white sandstone facies in certain localities is attributed to their 

related depositional environment. At those locations, the white sandstone unit appears to 

be dominated more by unidirectional current activity than by wave activity, whereas the 

opposite is true for the low-angle cross-stratified facies. This variation in dominant 

process is observed in flood tide deltas along the Texas Gulf Coast. Proximal portions of 

the flood tide delta lobes are typically dominated by wave reworking of the sediments 

whereas the channel portions experience greater unidirectional current energy 

(Hubbard et al., 1979). The result is a predominance of more unidirectional cross

bedding in the channel portions (white sandstone facies) and low-angle, possibly omni

directional cross-bedding in the proximal portions (low-angle cross-stratified facies). 

The presence of this facies at multiple intervals throughout several of the 

stratigraphic sections of the Rattlesnake Mountain sandstone member reflects the 

continual lateral shifting of depositional environments typical of marginal marine 

settings. The superposition of these sediments over those of the white sandstone facies 

implies encroachment of the swash zone over tidal delta systems. This is an expected 

feature of accreting and shallowing-upward deposits such as those of tidal delta systems. 
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Sandy Mudstone Facies 

The sandy mudstone facies includes those sections comprised of horizontally 

laminated or structureless gray mudstone and sandy mudstone lacking carbonaceous 

material. The sand fraction is fine- to very fine·grained. Bioturbation and other 

sedimentary structures are not observed in this facies. Contorted discontinuous clay 

laminae are noted in unweathered exposures such as those along the southwest flank of 

Rattlesnake Mountain. Selenite gypsum is typically present in seams within the unit, 

commonly forming float on weathered surfaces. 

Sandy mudstone sections, typically less than three meters in thickness, are present 

at all localities studied. The facies appears to be genetically associated with sediments of 

the yellow friable sandstone facies, consisting of predominantly finer·grained material 

and lacking abundant macrofauna. Yellow friable sands conformably overlie the sandy 

mudstone facies at most observed sections. In other exposures, the sandy mudstone 

facies is disconformably overlain by shell hash deposits, or the white sandstone facies 

(Figure 3.6). Horizons of Flemingostrea pratti are noted in sandier portions of this 

facies where it appears to grade into yellow friable sandstone sections. These oysters 

have not been observed in situ within pure mudstone sections. 

Sandy mudstone gradationally overlies the yellow friable sandstone facies at several 

localities along the flanks of Rattlesnake Mountain. Elsewhere, sandy mudstone overlies 

shell hash deposits, Ophiomorpha sandstone units, or white sandstone units. 

The sandy mudstone facies is poorly indurated, thus most exposures are highly 

weathered and form relatively featureless slopes. The weathered character of the sandy 

mudstone and closely associated yellow friable sands results in indistinguishable 

contacts at most localities. At several localities, the presence of selenite gypsum 

crystals as float on yellow friable sandstone slopes is inferred to indicate the presence of 

the sandy mudstone facies. 
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Interpretation 

Sediments of the sandy mudstone facies were likely deposited within a protected bay 

setting on the lagoonal floor. The association of this facies with the yellow friable sand 

facies indicates close lateral proximity at the time of deposition. The fine grain size of 

the sandy mudstone facies, and the presence of horizontal laminations in places, suggests 

low-energy hydraulic conditions. Structureless units of this facies were likely a result 

of extensive bioturbation, common in protected bay settings. 

The characteristics of this facies are similar to those of lagoonal mud deposits 

described in modem analogs such as on the Texas and Louisiana Gulf coasts. The 

relationship between this facies and others suggests depositional processes similar to 

those observed in lagoons along the modern Gulf Coast. Shell hash and white sandstone 

units which disconformably overlie the sandy mudstone facies, represent the breaching 

of barrier islands and introduction of coarse clastics into the lagoonal setting. The 

gradational contacts between the sandy mudstone facies and the yellow friable sandstone 

facies record mostly gradual fluctuations in hydraulic energy at particular locations 

within the lagoonal setting. In locations where sandy mudstone overlies the Ophiomorpha 

sandstone facies, establishment or re-establishment of the hydraulic shielding afforded 

by a spit or barrier island is suggested. 

The paucity of oyster horizons within the unit implies the preference of these 

oysters to firmground substrates containing a greater percentage of sand. Thus, oysters 

are more abundant in the yellow friable sandstone facies. The lack of other macrofauna 

suggests either conditions were not conducive for the existence of shelled organisms 

within these deposits, or that dissolution of shell material has occurred. In modern 

analogs, lagoonal deposits are commonly host to numerous bivalves, including 
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Crassostrea. The distribution of these organisms within the Aguja Formation, however, 

suggests their preference for higher-energy settings. 

Crassostrea Sandstone Eacjes 

The Crassostrea sandstone facies is recognized as a gray to dark yellowish gray, 

fine-grained sandstone containing sparse to very abundant oysters of the genus 

Crassostrea (Figure 3.24). The facies generally weathers to a craggy sandstone 

exhibiting crude horizontal stratification, which grades laterally into a trough cross

bedded sandstone. Other macrofauna present within this facies include bivalves 

Camptonectes, Cymella, Inoceramus, Pholadomyidae, and unidentified gastropods. 

Thallasinoides burrows are also observed. 

This facies is exposed in only two known localities within the study area, including 

the Santa Elena outcrop and a limited exposure at the South Willow outcrop. The 

exposure at South Willow is mostly obscured by a turritellid-dominant shell hash 

deposit, but appears to be approximately 80 centimeters in thickness. This facies 

overlies sediments of the Ophiomorpha sandstone facies, and underlies sediments of the 

yellow friable sandstone facies. At South Willow, the apparent lateral equivalent is the 

Ophiomorpha sandstone facies. 

At the Santa Elena exposure, the Crassostrea sandstone facies is well exposed and may 

be traced over a distance of approximately 0. 7 kilometers. Maximum thickness of this 

unit is approximately 2.4 meters. Crude horizontally bedded portions grade laterally 

into unidirectional trough cross-bedded units similar to those observed in the white 

sandstone facies. The facies is enveloped, both in a lateral and vertical sense, by shell 

fragment-rich yellow friable sandstone sediments containing Flemingostrea pratti. In 

places, even within the core of this deposit, the yellow friable sandstone interfingers 

with this unit. 
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Figure 3.24 Photograph of large Crassostrea cussetta shells within the Crassostrea 
sandstone facies, locality L-4 of Santa Elena. Near the head of the rock 
hammer note a large disarticulated Crassostrea shell and an adjacent 
Flemingostrea shell. 
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Crassostrea oysters are present in three types of accumulations. These include the 

following: (1) dense accumulations of large, mostly disarticulated shells of the species 

Crassostrea cusseta; (2) very dense "picket-line" accumulations of an unidentified 

species of Crassostrea (perhaps Crassostrea subtrigonalis); and (3) less abundant 

flanking pod-like accumulations of Crassostrea cusseta. 

The largest of these oysters, measuring up to 60 centimeters in length, are present 

in what may be the core of a reef deposit. The smaller, unidentified Crassostrea oysters 

are present within flanking portions dominated by unidirectional trough cross-bedded 

units. A southeastward direction of transport is suggested by these cross-beds. 

I nterpretatjon 

The Crassostrea sandstone facies represents oyster reef development within a 

shoaling environment, probably closely associated with a tidal inlet channel complex. 

The deposit suggests development of an oyster reef complex over a firmground composed 

of pre-existing shoal sediments. This reef complex is flanked by cross-bedded 

channelized sands similar in character to tidal inlet complex sands of the white sandstone 

facies, and shoal sediments of the yellow friable sandstone facies. Associated yellow 

friable sandstone deposits here contain abundant fragmented macrofauna, including 

Crassostrea, as a result of the high-energy hydraulic conditions associated with shoaling 

waters around the reef complex. 

The reef exposed at Santa Elena bears a close resemblance to an Upper Cretaceous 

Crassostrea soleniscus reef complex described by Brown (1988). In both cases, the 

reef core is developed on sandy deposits flanked by shoal deposits. The growth habit of 

the oysters is also similar. 

Oysters of the genus Crassostrea are typically considered brackish water organisms, 

and today inhabit protected bays, river mouths, and lagoons. The associated underlying 
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deposits typically consist of clays and silts characteristic of low-energy deposits. 

Descriptions of modern Crassostrea reef settings are included in Parker (1959) and 

Bernard et al. (1970) among others. The presence of the Santa Elena deposit over a 

sandy firmground suggests development within a tidal inlet complex rather than in a 

protected lagoon. Applying the brackish water requirement, this reef deposit suggests 

that a freshwater input source may have significantly affected salinities even over 

portions of the tidal inlet complex. The South Willow exposure of this facies suggests 

that offshore-derived, storm-induced sedimentation was capable of reaching the reef 

complex. Such an occurrence is possible in proximity to a tidal inlet system. 

Termination of the living reef complex was likely a result of burial by laterally 

shifting sands within the tidal inlet environment. A similar conclusion was reached in a 

study of a Crassostrea soleniscus reef complex (Brown, 1988). Preservation of this 

reef complex suggests that shoreface erosion has not affected this deposit. 



CHAPTER IV 

SEDIMENTARY PETROGRAPHY 

Introduction 

Rocks which comprise the Rattlesnake Mountain sandstone member include 

sandstones, shell-rich sandstones, and mudstones. The general lithologic and 

petrographic characteristics of each of the nine facies identified in Chapter Ill are 

described below and summarized in Table 4.1 . Rock specimens were collected and 

labeled in the field with reference to facies type, locality, and stratigraphic position. 

Thin sections were made of selected specimens for petrographic analysis. The selected 

specimens include at least one of each lithofacies, with the exception of the carbonaceous 

mudstone and sandy mudstone facies. In addition, within the interbedded sandstone

mudstone facies, samples of the sandstone beds were selected for petrographic analysis. 

Table 4.1 includes a summary of each thin section prepared and analyzed with its 

corresponding lithofacies. 

Twenty-eight of the prepared thin sections were analyzed using a petrographic 

microscope. The objectives of the analysis were to : (1) determine the detrital grain 

composition; (2) determine the mean grain size, grain size distribution, roundness, and 

sphericity of detrital grains; (3) determine the relative degree of mechanical 

compaction; (4) determine the volume percentage of pore space or infilled pore space; 

and (5) determine the character and sequence of cementation. An attempt is made to 

discern variation in detrital grain composition and diagenesis among the nine lithofacies 

in the Rattlesnake Mountain Sandstone. A summary of the observed diagenetic sequence 

is given in Chapter V. 

Two thin section staining techniques were utilized to aid in identification of detrital 

grain composition and cements. One technique utilized the application of Alizarin Red S 
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Table 4.1 Summary of detrital grain morphology and composition, selected samples of the 

Rattlesnake Mountain sandstone member. 

IBS 
wss 
LAS 
YFS 
ass 
CU-SHF 
IA-SHF 
css 
C-SHF 
WSS-L 
wss-u 
T-SHF 

mm 
ALK FELD 
PLAG 
SED 
MET 

Interbedded sandstone-mudstone facies 
White sandstone facies 
Low-angle cross-stratified sandstone facies 
Yell ow friable sandstone facies 
Ophiomorpha sandstone facies 
Convex-up cardid bivalve shell hash subfacies 
Inoceramid-ammonite shell hash subfacies 
Crassostrea sandstone facies 
Shell hash subfacies associated with Crassostrea reef 
Lower white sandstone (Willow) 
Upper white sandstone (Willow) 
Turritellid-dominant shell hash subfacies 

millimeters 
alkali feldspar 
plagioclase feldspar 
sedimentary 
metamorphic 
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and potassium ferricyanide for determination of carbonate cement types. The second 

technique utilized the application of sodium cobaltinitrite to aid in distinguishing 

potassium feldspars from quartz grains. The two techniques were not applied to the same 

thin section. 

General Sandstone Composition 

The majority of sandstone samples from the Rattlesnake Mountain sandstone plot 

within the feldspathic litharenite field, using the classification of Folk (1974), as 

shown in Figure 4.1. Samples of the shell hash units plot within the feldspathic 

litharenite or litharenite fields. Quartz grains in the sandstones are predominantly 

monocrystalline. Polycrystalline quartz grains are also present to a lesser degree, and 

quartz of metamorphic origin is rare. Feldspars are predominantly orthoclase with 

lesser amounts of plagioclase. Lithic fragments are dominated by volcanic rock 

fragments. Sparse detrital chert, muscovite, and biotite are also present. 

Typically, sediments of the Rattlesnake Mountain sandstone member are comprised of 

well- to very well-sorted fine- to very fine-grained sandstones. With the exception of 

shell fragments and heavy minerals, no consistent pattern of grainsize segregation 

between grain types is apparent. Rounding, where observed, is most notable in volcanic 

rock fragments, quartz, and chert. Sphericity values typically range between 0.7 and 

0.9 with the highest sphericity values observed in monocrystalline quartz and volcanic 

rock fragments. A mild degree of mechanical compaction is apparent in samples of most 

lithofacies. Tight packing, depressed grain to grain contacts, and ductile deformation of 

some micaceous minerals, detrital clay, and volcanic rock fragments provide evidence 

for compaction. 

The prevalent cement types in sandstone samples include calcite, ferroan calcite, and 

kaolinite. Minor amounts of quartz and iron oxide cements are also present. Siderite is 
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Figure 4.1 Classification of sandstone specimens collected from the Aguja Formation, 

Big Bend National Park, Texas. Each dot represents the compositional 

plot of a referenced specimen collected from the Rattlesnake Mountain 

sandstone member as part of this study. Classification scheme is based 

on Folk ( 1 9 7 4). The compositional fields for sandstone specimens 

collected from the basal sandstone (BSS) and Terlingua Creek sandstone 

(TCSS) members near McKinney Springs (Bohanan, 1987), and the 

Terlingua Creek sandstone (TCSS), Grapevine Hills area (Schroeder, 

1988), are shown for comparison. The figure demonstrates the 

compositional variability observed between depositional settings. The 

high-percentage quartz specimens observed in Bohanan's study were of a 

deltaic abandonment facies. 
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the predominant cement in one lithologic unit, discussed below. Other minor cement 

constituents within the Rattlesnake Mountain sandstone member include carbonaceous 

organic material, calcium phosphate, pyrite, and sericite. As a general rule, indurated 

sandstone units which are reddish brown or yellow in color are predominantly cemented 

by ferroan calcite or calcite. Indurated and friable sandstone units which are white to 

very light gray in color are typically dominated by kaolinite cement. 

Interbedded sandstone-mudstone facies 

Three thin sections (ERM-3, ERM-9, and ERM-1 0) were prepared from samples of 

the interbedded sandstone-mudstone facies collected at the L-1 section along the 

northeastern flank of Rattlesnake Mountain. Each specimen represents an individual 

sandstone layer within the facies. Two of the three specimens plot within the feldspathic 

litharenite field. The third specimen plots within the lithic arkose field (Figure 4.1 ). 

The specimens have a mean grain size between 0.12 and 0.13 millimeters and are 

very well-sorted. Detrital grains are subrounded to subangular, and have sphericity 

values between 0.7 and 0.9. Detrital rock fragments are almost entirely comprised of 

volcanic rock fragments. Small amounts of chert, and sparse clinopyroxene, zircon, and 

muscovite grains are present. Some of the feldspar grains have undergone partial 

dissolution, though this is not pervasive. Numerous volcanic rock fragments have 

undergone partial silicification and/or contain "clots" of iron oxide. 

Apparent pre-cement porosity values range from 19 to 37 percent, with almost all 

original and secondary porosity infilled by cement. Cement types vary within the facies. 

Well-indurated layers are dominated by poikilotopic and blocky ferroan calcite. 

Kaolinite cement is present in less-indurated layers. There is not a consistent 

relationship of stratigraphic position and cement type, though a general trend of 

increasingly abundant calcite cement in successive layers is apparent. 
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Whjte sandstone facies of tjdal delta orjgjn 

Two thin sections (ERM-11 and WRM-1 0) were prepared from samples of white 

sandstone facies interpreted to be of tidal delta origin. The specimens were collected at 

the L-1 section along the northeastern flank of Rattlesnake Mountain and the L-9 section 

on the southwestern flank of Rattlesnake Mountain. At the megascopic scale, the 

specimens are both white-weathering, friable sandstones. Specimen ERM-11 is 

associated with clay wisps and clay partings within an otherwise sandstone-dominant 

unit. The specimens both plot close to the border between the lithic arkose and 

feldspathic lith arenite fields (Figure 4.1). 

The specimens have an average grain size between 0.12 and 0.13 millimeters and 

are well-sorted to very well-sorted. Detrital grains are mostly subrounded, and have 

sphericity values between 0.7 and 0.9. Detrital rock fragments are almost entirely 

comprised of volcanic rock fragments with lesser amounts of chert, carbonate rock 

fragments, metamorphic rock fragments, and sparse muscovite grains. Numerous 

feldspar grains have undergone partial dissolution. Volcanic rock fragments have 

undergone silicification and/or contain "clots" of iron oxide. Many feldspar grains and 

volcanic rock fragments have been altered to kaolinite. Sericite is also associated with 

numerous feldspar grains. 

Apparent pre-cement porosity values range from 28 to 34 percent, with present 

porosity values of 7 to 8 percent. The predominant cement type is kaolinite. Numerous 

quartz overgrowths are also present. Dark brown stains of probable organic origin, 

occur in patches and wisps in places. Virtually all secondary porosity is infilled by 

kaolinite cement. 

Three additional thin sections (WM-2, WM-6, and WM-8) were prepared from 

samples of the white sandstone facies interpreted to be of tidal delta origin. The samples 
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were collected from the L-3 section at Willow. At the megascopic scale, the specimens 

are white-weathering, indurated cross-bedded sandstones. Specimen WM-2 contains 

numerous clay-ball clasts. Specimen WM-8 contains layers of fragmented plant 

material. Specimen WM-6 is a sample from near the top of the facies, where the unit 

weathers into "cannonball" concretions. The specimens all plot within the feldspathic 

litharenite field (Figure 4.1 ). The specimens have an average grain size between 0.12 

and 0.17 millimeters and are moderately to well-sorted. Detrital grains are mostly 

subangular, and have sphericity values between 0.7 and 0.9. Detrital rock fragments 

are comprised of volcanic rock fragments. Small amounts of chert, chlorite, and sparse 

muscovite and biotite grains are present. 

Numerous feldspar grains have undergone dissolution and alteration to kaolinite. 

Numerous volcanic rock fragments have undergone silicification and/or contain "clots" 

of iron oxide. Alteration and dissolution of feldspar and volcanic rock fragments is 

particularly pervasive in sample WM-8, collected approximately one meter above the 

contact with the lower shale member. Apparent pre-cement porosity values range from 

33 to 47 percent, with present porosity values of up to 5 percent. Secondary porosity 

is preserved in many of the partially dissolved feldspars. Kaolinite is a common cement 

in the lower portion of this facies and is dominant in the middle portion of the facies. 

Ferroan calcite is present in the lower portion of the facies and is the dominant cement 

in the upper portion. Iron and/or manganese oxides are abundant throughout the facies. 

Minor amounts of gypsum and possibly barite are present within the middle portion. 

Quartz overgrowths are present, but are not pervasive. Multiple kaolinite crystal 

morphologies are present in sample WM-8. This implies multiple episodes of 

emplacement of kaolinite cement, possibly as an early cement and later as an alteration 

product. It is also probable that detrital kaolinite forms a portion of this facies. 
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White sandstone facies of washoyer fan origin 

One thin section (WRM-288) was prepared from inferred washover fan deposits in 

the white sandstone facies. The sample was collected from the L-14 section along the 

southwestern flank of Rattlesnake Mountain. At the megascopic scale, the specimen is a 

white-weathering, slightly indurated cross-bedded sandstone. The specimen plots 

within the feldspathic litharenite field (Figure 4.1 ). 

The mean grain size is 0.19 millimeters and the sand is very well-sorted. Detrital 

grains are mostly subangular to subrounded, and have sphericity values between 0.7 and 

0.9. Detrital lithic grains are almost entirely volcanic rock fragments with lesser 

amounts of chert, and shell fragments. Some feldspar grains have undergone partial 

dissolution, and some volcanic rock fragments have undergone silicification and/or 

contain "clots" of iron oxide. The apparent pre-cement porosity value is 20 percent, 

with a present porosity value of 45 percent. The predominant cement type is kaolinite. 

Quartz overgrowths over chlorite rims are sparse, and grains may have been 

transported in this condition. 

White sandstone facies of tidal inlet origin 

One thin section (WM-13) was prepared from a sample of the white sandstone facies 

which may be of tidal inlet origin. The sample was collected from the L-3 section at 

Willow. The specimen was collected at locality L-5, where this unit is relatively thin 

and may represent marginal inlet sediments. At the megascopic scale, the specimen is a 

yellow-weathering sandstone rich in shell fragments, shark teeth, and fish bones. The 

specimen plots along the border between the lithic arkose and feldspathic litharenite 

fields (Figure 4.1 ). 

The specimen has an average grain size of 0.19 millimeters and is well- to very 

well-sorted. Detrital grains are mostly subangular, and have sphericity values between 
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0.7 and 0.9. Lithic fragments are comprised of volcanic rock fragments. Shell 

fragments, plant fragments, and lesser amounts of chert and sparse muscovite are 

present. Numerous feldspar grains have undergone partial dissolution. The secondary 

pore spaces are typically infilled with calcite. Numerous volcanic rock fragments have 

undergone some degree of silicification and/or contain "clots" of iron oxide. 

The apparent pre-cement porosity value is 33 percent, with present porosity values 

of less than 1 percent. Poikilotopic calcite is the prevalent cement in this rock type. 

Minor amounts of patchy kaolinite cement and iron oxides are also present. Quartz 

overgrowths are present, but sparse. 

Yellow friable sandstone facies 

Four thin sections (ERM-14, RMSS -7, SA-1, and WM-15) were prepared from 

samples of the yellow friable sandstone facies collected at Rattlesnake Mountain, Sierra 

Aguja, and Willow localities. Each of the specimens are from sandstone units which 

contain Flemingostrea. At the megascopic scale, specimens ERM-14 , RMSS-7, and 

WM-15 are yellow-weathering, slightly indurated sandstone. Specimen SA-1 is a 

slightly indurated sandstone with thin laminae of clay. Each of these specimens plot 

within the feldspathic litharenite field (Figure 4.1 ). 

The mean grain size in these specimens ranges from 0.10 to 0.18 millimeters and 

the sandstone is well- .to very well-sorted. Detrital grains are mostly subangular, and 

have sphericity values between 0.7 and 0.9. Lithic grains are comprised of volcanic 

rock fragments. Shell fragments, plant fragments, and small amounts of chert, 

transported organic material, and sparse muscovite are present. Some feldspar grains 

have undergone partial dissolution. Secondary pore spaces are infilled with calcite or, 

in the case of specimen SA-1, kaolinite. Some volcanic rock fragments have undergone 



silicification and/or contain "clots" of iron oxide. On the whole, detrital grains in 

specimens ERM-14 , RMSS-7, and WM-15 are mostly unaffected by alteration. 
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The apparent pre-cement porosity values are 31 to 41 percent in specimens ERM-

14 , RMSS-7, and WM-15. A pre-cement value of 15 percent was observed in 

specimen SA-1. Present porosity values are less than 1 percent. Poikilotopic calcite 

comprises more than 99 percent of the cement in specimens ERM-14 and RMSS-7. 

Ferroan calcite is indicated in specimen ERM-14. Specimen RMSS-7 was not treated 

for calcite distinction. Iron oxide rims are observed around many of the grains in these 

samples. Kaolinite and other unidentified clays comprise almost 100 percent of the 

cement observed in specimen SA-1 . It is likely, however, that a majority of this 

material is detrital and therefore indicated "pre-cement" porosity values are too great. 

Ophiomorpha sandstone facies 

Five thin sections (ERM-19, ERM-21, WRM-5, WRM-7, and WRM-9) were 

prepared from samples of the Ophiomorpha sandstone facies collected at Rattlesnake 

Mountain localities. At the megascopic scale, specimens ERM-19 and ERM-21 are 

yellow- and red-weathering , indurated sandstones which contain numerous 

Ophiomorpha burrows. ERM-21 was collected from the top of the Ophiomorpha 

sandstone facies. Specimens WRM-5, WRM-7, and WRM-9 were collected from 

multiple units of the Ophiomorpha sandstone present on the southwest flank of 

Rattlesnake Mountain, and are yellow-weathering, indurated sandstones containing 

sparse to very abundant Ophiomorpha. Four of the five specimens analyzed plot within 

the feldspathic litharenite field. Specimen ERM-21 plots within the litharenite field 

(Figure 4.1 ). 

The mean grain size in these specimens ranges from 0.11 to 0.18 millimeters, and 

the sand is well- to very well-sorted. Detrital grains are mostly subrounded to 
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subangular, and have sphericity values between 0.7 and 0.9. Some quartz grains have 

spericity values as low as 0.3 and are positioned with their long axes in a subhorizontal 

orientation. Lithic grains are comprised of volcanic rock fragments. Shell fragments, 

chert, oxidized organic material, and sparse glauconite, muscovite, and biotite are 

present. Very few feldspar grains have indications of alteration or partial dissolution. 

Secondary pore spaces, where present, are filled with calcite. Numerous volcanic rock 

fragments have undergone silicification and/or contain "clots" of iron oxide. Pyrite is 

observed on the rims of some volcanic rock fragments. 

The apparent pre-cement porosity values range from 28 to 39 percent. Present 

porosity values are less than 2 percent. Poikilotopic ferroan calcite comprises the 

majority of the cement in these specimens. Patchy kaolinite is present in each 

specimen, though in ERM-19, abundant kaolinite cement is present. Minor cement 

types include iron oxides and chlorite. Numerous quartz overgrowths are also present 

on grains in specimen ERM-19. 

Turrjtelljd-domjnant shell hash subfacjes 

One thin section (WRM-6) was prepared from a sample of the turritellid-dominant 

shell hash subfacies collected at the Rattlesnake Mountain. At the megascopic scale, the 

sandstone is a reddish brown-weathering sandstone containing abundant shell material. 

WRM-6 was collected from a typical "pod" of this facies associated with the yellow 

friable sandstone facies. WRM-6 plots within the feldspathic litharenite field(Figure 

4.1) . 

The mean grain size in this specimen (excluding shell material) is 0.10 

millimeters. The sandstone is well-sorted with respect to clastics. Including the shell 

fragments, the sandstone is poorly sorted. Detrital grains are mostly subrounded to 

subangular, and have sphericity values between 0. 7 and 0.9. Rock fragments are 
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comprised of volcanic rock fragments, with lesser amounts of chert and phosphate. Very 

few feldspar grains have indications of alteration. Sericitization is the only alteration 

observed. Some of the volcanic rock fragments have undergone silicification and/or 

contain "clots" of iron oxide. There are no indications of mechanical compaction or 

rotation of grains in these samples. 

The apparent pre-cement porosity value in this specimen is 52 percent. Its present 

porosity value is less than 1 percent. Ferroan calcite of several morphologies 

comprises the cement in WRM-6. Other cement-types present include pyrite, 

phosphate, and very sparse kaolinite. 

Cement morphologies noted in this sample include radial fibrous calcite, 

cryptocrystalline calcite, two phases of blocky-equant calcite, and "wormy" calcite. 

Further description of the cement morphologies and sequencing is discussed in the 

section on diagenesis (Chapter V). Other cement types include iron oxides, organic 

material, pyrite, and phosphate. 

Convex-up cardid biyalve shell hash subfacies 

One thin section (ERM-24) was prepared from the convex-up cardid bivalve shell 

hash subfacies. The specimen was collected from the northeastern flank of Rattlesnake 

Mountain. At the megascopic scale, this is reddish brown-weathering shell hash with 

abundant cardid bivalve shell fragments. ERM-24 plots within the litharenite field 

(Figure 4.1 ). 

The mean grain size (excluding shell material) in this specimen is 0.12 

millimeters. Excluding the shell fragments, this sandstone is very well-sorted. 

Including the shell fragments, the sandstone is moderately sorted, with some degree of 

apparent hydrodynamic sorting of shell material. Detrital grains are typically 

subrounded to subangular, and have sphericity values between 0.7 and 0.9. Lithic 
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grains are comprised of volcanic rock fragments and chert. Very few feldspar grains 

have indications of alteration or partial dissolution. Some of the volcanic rock fragments 

have undergone silicification and/or contain "clots" of iron oxide. There are no 

indications of mechanical compaction or rotation of grains in these samples. 

An apparent pre-cement porosity value of 28 percent was determined for this 

sample. The present porosity value is approximately 5 percent. Blocky and poikilotopic 

calcite is the dominant cement in this specimen. Isolated patches of kaolinite are also 

present. Iron oxides are associated with the volcanic rock fragments throughout the 

specimen. 

Shell hash subfacjes associated with 
the white frjable sandstone facjes 

One thin section (WRM-29) was prepared from a shell fragment-rich layer 

associated with the interpreted washover fan at locality L-14 along the southwestern 

flank of Rattlesnake Mountain. At the megascopic scale, this specimen is a light gray-

weathering sandstone containing abundant shell material, and numerous shark teeth. 

WRM-29 plots within the feldspathic litharenite field (Figure 4.1 ). 

The mean grain size (excluding shell material) is 0.15 millimeters. Excluding the 

shell fragments, this sandstone is well-sorted. Including the shell fragments, this 

sandstone is moderately to poorly sorted. Detrital grains are typically subrounded to 

subangular, and have sphericity values between 0.7 and 0.9. Lithic grains are 

comprised of volcanic rock fragments, chert, glauconite, and unidentified clay nodules. 

Very few feldspar grains have indications of alteration or partial dissolution. Some of 

the volcanic rock fragments have undergone silicification and/or contain "clots" of iron 

oxide. 

An apparent pre-cement porosity value of 19 percent was determined for this 

sample, though it is possible that much of the kaolinite "cement" present in this 



specimen is actually detrital in origin (indicated by numerous squashed grains}. 

Present porosity values are 4 to 5 percent. Kaolinite is the dominant cement in this 

specimen, with lesser amounts of patchy calcite cement. 

Shell hash subfacjes associated with Crassostrea 
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One thin section (SWM-4} was prepared from the cardid bivalve-dominant shell 

hash associated with the Crassostrea reef at the South Willow locality. At the megascopic 

scale, this specimen is a reddish brown-weathering sandstone containing abundant 

fragmented shell material. SWM-4 plots within the feldspathic litharenite field (Figure 

4 . 1} . 

The average grain size in this specimen (excluding shell material) is approximately 

0.16 millimeters. Excluding the shell fragments, this sandstone is well sorted. 

Including the shell fragments, this sandstone is poorly sorted. Detrital grains are 

mostly subrounded to rounded, and have sphericity values between 0.7 and 0.9. Rock 

fragments are comprised of volcanic rock fragments, chert, and phosphate. Very few 

feldspar grains have indications of alteration. Some of the volcanic rock fragments have 

undergone silicification and/or contain "clots" of iron oxide. Other volcanic rock 

fragments have been altered to kaolinite. There are no indications of mechanical 

compaction or rotation of grains in this sample. 

The apparent pre-cement porosity value is 42 percent. The present porosity value 

is less than 1 percent. Calcite of several morphologies, similar in character to those 

described in specimen WRM-6 above, comprises the cement in SWM-4. Other cement 

types include iron oxides, organic material, pyrite, and phosphate. Very sparse quartz 

overgrowths are also present. 



Shell hash subfacjes dominated by 
jooceramjd bjyalves and Baculites 
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One thin section (SE-3) was prepared from a sample of the shell hash subfacies 

dominated by inoceramid bivalves and Baculites. This subfacies is present at the base of 

the Santa Elena locality, just above the contact with the lower shale member. At the 

megascopic scale, this specimen is a gray indurated sandstone with abundant inoceramid 

bivalves and ammonites of the genus Baculites. SE-3 plots within the feldspathic 

litharenite field (Figure 4.1 ). 

The mean grain size in this specimen is approximately 0.21 millimeters, and the 

sediment is well sorted. Detrital grains are mostly subrounded, and have sphericity 

values between 0.7 and 0.9. Lithic grains are volcanic rock fragments. Some shell 

material and chert is also present. Many feldspar grains have been partially altered to 

kaolinite. Some of the volcanic rock fragments have undergone silicification and/or 

contain "clots" of iron oxide. Other volcanic rock fragments have been altered to clay. 

The apparent pre-cement porosity value is 49 percent. The present porosity value 

is less than 1 percent. Siderite is the dominant cement in SE-3, a unique condition 

compared to all of the other specimens collected from the Rattlesnake Mountain sandstone 

member. Other cement types include gypsum, to a lesser degree anhydrite, and sparse 

patchy kaolinite. Quartz overgrowths are present on some grains. 

Low-angle cross-stratjfjed facies 

Three thin sections (ERM-12, ERM-26, and SA-21) were prepared from samples 

of the low-angle cross-stratified facies. At the megascopic scale, these specimens are 

yellow- to reddish brown-weathering, indurated and thinly laminated sandstone. 

Specimen ERM-12 plots within the feldspathic litharenite field. Specimen ERM-26 and 

SA-21 plot within the litharenite (volcanic arenite) field (Figure 4.1 ). 
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The mean grain size in these specimens ranges from 0.11 to 0.20 millimeters and 

the sediment is moderately to well-sorted. A bimodal grain size distribution is found in 

specimen ERM-12. Detrital grains are mostly subangular, and have sphericity values 

between 0.5 and 0.7. Lithic grains are comprised of volcanic rock fragments, shell 

fragments, and chert. Some feldspar grains have undergone partial dissolution. 

Secondary pore spaces are typically filled with calcite. Some volcanic rock fragments 

have undergone silicification and/or contain "clots" of iron oxide. 

The apparent pre-cement porosity values range from 23 to 51 percent. Present 

porosity values range up to 5 percent. Poikilotopic ferroan calcite comprises the bulk 

of the cement in these rocks. Other cement types include iron oxides and sparse pyrite. 

Crassostrea sandstone facies 

One thin section (SE-SA) was prepared from a sample of the Crassostrea sandstone 

facies collected at the Santa Elena section. This specimen is a light gray, indurated 

sandstone with shells of the oyster Crassostrea and other bivalves. Specimen SE-SA 

plots within the feldspathic lith arenite field (Figure 4.1 ). 

The mean grain size in this specimen is 0.18 millimeters and it is well-sorted. 

Detrital grains are subrounded to subangular and have sphericity values between 0.7 and 

0.9. Lithic grains are volcanic rock fragments, shell fragments, and sparse detrital 

mud clasts. Some volcanic rock fragments have undergone silicification and/or contain 

"clots" of iron oxide. On the whole, detrital grains in this specimen are mostly 

unaffected by alteration. 

The apparent pre-cement porosity value is 36 percent. Present porosity values are 

less than 1 percent. Non-ferroan poikilotopic calcite comprises more than 94 percent 

of the cement. Some indication of partial conversion to ferroan calcite is present. Other 

cement types include iron oxide and organic material. 
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facies and Detrital Grajn Associations 

A crude correlation exists between lithofacies type and detrital grain composition. 

Feldspars and volcanic rock fragments are abundant within the tidal delta deposits of the 

lower white sandstone facies compared to other facies. The relative abundance of 

feldspars and rock fragments within the lower white sandstone facies may indicate that 

the primary source for these sediments was the influx of "fresh" detrital sediments 

from distributary channels entering the lagoonal setting. The reduction of feldspar and 

volcanic rock fragments in the other lithofacies may be indicative of some loss of these 

grains through mechanical destruction and/or hydrodynamic sorting associated with a 

greater degree of reworking. Additionally, the vast majority of sediments in a 

transgressive coastal depositional system are expected to be derived from the reworking 

of underlying deltaic and distributary sand bodies, again indicating a potentially greater 

degree of reworking. 

The lithofacies identified are all closely related in both a spacial and temporal sense. 

Transgressive coastal depositional systems are also dominated by reworking of shoreface 

material over a relatively short span of geologic time. With the exception of the shell 

hash units, each lithofacies is basically a product of the reworking of other coastal 

sediments. 

A proposed method of investigation to potentially reveal more about the 

lithofacies/grain composition relationship, would be to conduct a more extensive 

sampling of lithofacies types with subsequent petrographic investigation of samples. A 

broad study of this type was conducted by Davies and Etheridge (1975), which 

uncovered more detail about sandstone composition and depositional environment. 

However, the study was conducted over a wider range of depositional environments 

(spanning the fluvial to lower shoreface environments) than those identified in the 
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Rattlesnake Mountain sandstone member. As discussed above, the close spacial and 

temporal relationship between lithofacies identified in the Rattlesnake Mountain 

sandstone member may obscure any sandstone composition/depositional environment 

relationship, if such relationships exist. 



CHAPTERV 

SANDSTCJ-.JE DIAGENESIS 

Introduction 

Cements observed in sandstone samples collected from the Rattlesnake Mountain 

sandstone member include, in general order of decreasing abundance: ferroan calcite, 

calcite, authigenic clays (kaolinite, chlorite, illite, and sericite), siderite, iron oxides, 

organic material, pyrite, phosphate, and quartz. Cement-types and calculated porosity 

values are shown in Table 5.1. Cementation within the Rattlesnake Mountain sandstone 

member apparently began soon after deposition, and was influenced by the deposional 

setting of each facies. The rapid filling of pore space generally restricted extensive 

alteration of detrital grains in most specimens, as pore fluid circulation was severely 

limited early after deposition. 

Petrographic analysis of sandstone specimens reveals five general grain/cement 

associations. The five associations, listed in decreasing order of abundance, include the 

following: 

1. predominantly ferroan or non-ferroan calcite cement with or without 

patchily distributed kaolinite, coupled with limited compaction and limited 

alteration of feldspars or volcanic rock fragments; 

2. predominantly kaolinite cement with small amounts of calcite or ferroan 

calcite cement, coupled with limited compaction and limited alteration of 

feldspars or volcanic rock fragments; 

3. predominantly calcite or ferroan calcite cement of several morphologies 

associated with abundant shell fragments, organic material, and some phosphate, 

coupled with virtually no compaction of grains and minimal alteration of 

feldspars or volcanic rock fragments; 
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4. predominantly kaolinite cement, coupled with limited compaction but 

considerable alteration of feldspars and volcanic rock fragments; and, 

158 

5. predominantly siderite cement with lesser amounts of gypsum and iron oxide, 

associated with limited compaction of grains and limited alteration of feldspar and 

volcanic rock fragments. 

The sequence of cement emplacement varies somewhat between these five associations 

and is described below. In general, it is difficult to establish the actual diagenetic 

sequence in most specimens. Most thin sections exhibit a single pervasive cement type 

(carbonate or kaolinite) with "patchy" distribution of a less common cement (carbonate 

or kaolinite), and minute amounts of other cement types. Specimens which contain other 

pervasive cements include those which have organic matter and/or iron oxide present 

throughout the primary cement matrix. Other exceptional specimens, such as those 

collected from immediately above the lower shale member, show a late-stage gypsum

anhydrite cement. 

Characteristics common to four of the five associations include the lack of extensive 

compaction or mechanical rotation of grains, and the lack of extensive dissolution and 

alteration of detrital grains. Much of the original depositional fabric is well-preserved 

in rocks of the Rattlesnake Mountain sandstone member. 

Mechanical Compaction 

Evidence for mechanical compaction of detrital grains subsequent to deposition is 

observed in some grain-to-grain contacts, and in the deformation of "ductile" grains 

such as the micaceous minerals and detrital clay clasts. Typical grain-to-grain contacts 

which indicate compaction include those between quartz grains and volcanic rock 

fragments or detrital clay clasts where slight deformation of the more ductile grains is 



Table 5.1 Summary of diagenetic cement composition, selected samples of the Rattlesnake Mountain 
sandstone member. 

IBS 
wss 
LAS 
YFS 
oss 
CU-SHF 
JA-SHF 
css 
C-SHF 
WSS-L 
wss-u 
T-SHF 

Interbedded sandstone-mudstone facies 
White sandstone facies 
Low-angle cross-stratified sandstone facies 
Yellow friable sandstone facies 
Ophiomorpha sandstone facies 
Convex-up cardid bivalve shell hash subfacies 
Inoceramid-ammonite shell hash subfacies 
Crassostrea sandstone facies 
Shell hash subfacies associated with Crassostrea reef 
Lower white sandstone (Willow) 
Upper white sandstone (Willow) 
Turritellid-dominant shell hash subfacies 
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observed. As mentioned above, the specimens examined which record some degree of 

mechanical compaction, show evidence for only very limited compaction. Evidence for 

compaction was not observed in sandstones of the various shell hash facies, likely as a 

result of very early cementation. Moreover, the exceptionally high pre-cementation 

porosity values (40 to 50 percent, see Chapter IV), and super-loose grain packing in 

most samples, indicates that virtually no compaction occurred after deposition. Loose 

uncompacted sands seldom exceed 30 percent original porosity. Hence, early 

cementation may have expanded, rather than compacted, the sediment. 

Based on estimations of the average measured thickness of overlying strata 

(Bohanan, 1987), the maximum burial depth experienced by the Aguja Formation was 

between 1300 and 1900 meters. This relatively shallow burial depth, coupled with 

early phases of cementation, resulted in the limited compaction of sediments comprising 

the Rattlesnake Mountain sandstone member. 

Cement Composition 

Calcite 

Ferroan calcite is the most common cement observed in the Rattlesnake Mountain 

sandstone member, comprising the dominant cement in well-indurated sandstone units of 

the Ophiomorpha sandstone facies, shell hash facies, and low-angle cross-stratified 

sandstone facies, and isolated units within the yellow friable sandstone facies. This 

cement typically exhibits blocky-poikilotopic crystal morphology; however, multiple 

morphologies discussed below, are preserved in some units of the shell hash facies. 

Blocky-poikilotopic low-magnesium calcite is observed in two of the specimens 

examined. Sparry low-magnesium calcite is the morphology observed as late stage 

infilling of fractures, possibly a result of recent weathering phenomena. 



160 

The multiple calcite crystal morphologies observed in thin sections of the shell hash 

facies include two phases of radial fibrous calcite, microcrystalline calcite, two phases 

of blocky-equant calcite, and "wormy" calcite (for lack of a better descriptor). These 

crystal morphologies are very similar to those observed in aragonite cements found in 

recent sediments (Allen et al., 1969) and somewhat similar to those found in the 

Cretaceous fossiliferous concretions studied by Carpenter et al. (1988). 

The radial fibrous crystal variety appears in two phases. The apparently earlier 

"rimming" phase is characterized by radiating acicular crystals which project from the 

surfaces of shell material and other detrital grains into original void space (Figure 

5.1). The apparently later phase is a more coarsely crystalline radial fibrous variety 

with crystals "splaying" into void space. 

The microcrystalline morphology appears as micritic rims around shells, peloids, 

and some detrital grains, and as an infilling of sponge and bivalve borings. "Wormy" 

calcite appears throughout the original void spaces as elongate cylinders enveloped by 

micrite (Figures 5.2 and 5.3) . These cylindrical calcite crystals are similar in 

morphology to some produced by algae, as well as the blunted rods of aragonite observed 

in some modern carbonate depositional environments (Bathurst, 1975). 

Calcium carbonate is common as an early cement within marine siliciclastic 

environments. Numerous studies conducted of Holocene and Pleistocene siliciclastic 

shorelines have found that early carbonate cementation was pervasive, especially within 

shelly sandstones (e.g ., Allen et al., 1969; Weiss and Wilkinson , 1988). 

Allen et al. (1969) suggested that a very early phase of aragonite cementation occurs 

on a regional scale in shallowly submerged sandstones overlying buried marsh deposits. 

Methane released during methanogenesis of the underlying marsh deposits apparently 

were found to contribute the carbon component. The findings suggest a means for 



Figure 5.1 
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Photograph of thin section WRM-6 ( turritellid-dominant shell hash 

subfacies). Note early acicular carbonate morphology rimming detrital 

grains and shell fragments. This texture is similar to that reported as an 

early marine cement in modem environments. Field of view is 

approximately 1 millimeter in width. 
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Figure 5.2 (top) 

Figure 5.3 (bottom) 

Photograph of thin section SWM-4 (shell hash associated with 

Crassostrea reef). Note "wormy" calcite texture: numerous 

elongate rods of calcite enveloped in micritic envelopes. Large 

clasts shown are shell fragments. Field of view is 

approximately 5 millimeters in length. 

Photograph of thin section SA-4 (convex-up cardid bivalve 

shell hash facies) . Note association of relatively fine-textured 

"wormy" calcite with organic material in the interior of a 

bivalve shell. Field of view spans approximately 1 millimeter. 
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precipitation of aragonite in a marine siliciclastic setting, without the necessity for 

unusually high salinities within interstitial pore waters. 

Early precipitation of high magnesian calcite and aragonite is a common marine 

cementation phenomenon along the Texas Gulf Coast (Weiss and Wilkinson, 1988). 
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Later influx of meteoric water in this setting typically induces aragonite dissolution and 

precipitation of low-magnesium calcite. Much of the calcium carbonate in these deposits 

is thought to be derived from dissolution of aragonitic shell material associated with 

nearshore molluscan faunas. 

Ferroan calcite is most commonly considered a metastable late-stage replacive 

carbonate cement. Several studies have found that ferroan calcite replaces other calcite 

phases. This replacement reaction has been attributed to the chemical instability of 

earlier phase carbonate cements composed primarily of high-magnesium calcite, which 

is commonly deposited as an early marine cement (Richter and Fuchtbauer, 1978). The 

source of ferrous iron for this replacement reaction is believed to be clay minerals, 

volcanic rock fragments, glauconite, and reduced organic material in the surrounding 

sediments. 

Thin sections which contain both shell fragments and ferroan calcite cement 

demonstrate an interesting phenomenon also observed by Richter and Fuchtbauer 

(1978). Shell fragments with preserved original shell morphology are observed in 

both the ferroan and non-ferroan states. Using geochemical and paleontological 

information, Richter and Fuchtbauer concluded that shells originally composed of low

magnesium calcite typically remain in the non-ferroan state, whereas those composed of 

high-magnesium calcite may be replaced by ferroan calcite. An observation, made from 

thin sections of the Rattlesnake Mountain sandstone, is that those shell fragments which 

appear to be replaced by ferroan calcite are in optical continuity with the surrounding 

ferroan calcite cement matrix. Those shell fragments which are composed of 
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non-ferroan calcite are not in optical continuity with the surrounding ferroan calcite 

matrix. Several of the shell hash specimens observed indicate complete dissolution of 

select shell fragments (probably originally of aragonite composition) and subsequent 

infilling with ferroan calcite (Figure 5.4). 

Petrographic analysis of ferroan calcite-cemented units within the Rattlesnake 

Mountain sandstone member supports the findings of Richter and Fuctbauer (1978) . 

Replacement of high-magnesium calcite cement and shell material as a dissolution

reprecipitation process, resulted in the petrographic relationships observed. As a 

majority of shell fragments within the Rattlesnake Mountain sandstone member are of 

ostreid origin (low-magnesium calcite composition) , their original morphology and 

non-ferroan composition is maintained even in the presence of otherwise massive 

replacement of non-ferroan calcite by ferroan calcite. 

It should be noted, however, that early ferroan calcite cementation is possible under 

some conditions. Soon after deposition, just below the sediment-water interface, 

reduction of organic matter leads to the release of ferrous iron. In most situations, 

however, in situ reduction of sulfate by bacterial action leads to the preferential 

formation of pyrite. An increase in ferrous iron concentration in interstitial water is 

therefore suppressed. In order for a significant increase in available ferrous iron to 

occur, depletion of sulfate is necessary. 

Authjgenjc clay 

Authigenic clays comprise the second most common cement within sediments of the 

Rattlesnake Mountain sandstone member. Kaolinite is the dominant authigenic clay 

observed. Other clays which appear in trace quantities include illite and sericite. The 

latter two authigenic clays are always observed in direct association with the dissolution 



Figure 5. 4 Photograph of thin section WRM-6 ( turritellid-dominant shell hash 

subfacies} ~ N()te preservation of original shell morphology in some 

specimens (suggesting original stable low-magnesium calcite 

composition) and complete dissolution and replacement of other 

specimens with ferroan calcite (suggesting original unstable high

magnesium calcite or aragonite composition). Field of view is 

· apP,.oximately 5 millimeters in width. 
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of a "parent" feldspar grain. Due to the preponderance of kaolinite as the primary 

authigenic cement, the following discussion focusses on kaolinite. 
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Predominantly kaolinite-cemented units include the majority of the white sandstone 

facies, and discrete units within the interbedded sandstone-mudstone facies and yellow 

friable sandstone facies. The generally friable weathering state of these units is clearly 

attributable to the easily disaggregated kaolinite cement. Kaolinite cement appears as 

very-fine to relatively coarse booklets which fill pore space or replace feldspar grains 

and volcanic rock fragments. The cement appears as a pervasive infilling of pore space 

or as patchily distributed cement within otherwise calcite-cemented sandstone. 

Authigenic kaolinite is believed to be derived from the partial or total alteration or 

dissolution of feldspars, rock fragments, and/or detrital kaolinite minerals (Shelton, 

1964). The presence of authigenic kaolinite in Cretaceous limestones of the Western 

Interior Seaway has been attributed to alteration of volcanic ash and rock fragments 

(Pollastro, 1981 ). 

The formation of authigenic kaolinite from alteration of parent material has been 

attributed to parent material instability in low salinity interstitial waters (Shelton, 

1964). Dissolution of feldspars and volcanic rock fragments has also been associated 

with acidic environments generated by the decay of associated organic material in 

moderately oxidizing environments (Edam and Surdam, 1986). The patchy distribution 

of kaolinite may be attributed to alteration of rock fragments in acidic 

microenvironments within the Rattlesnake Mountain sandstone. 

Kaolinite cement in the Rattlesnake Mountain sandstone member is also associated 

with detrital clay. This association is apparent in specimens collected from the yellow 

friable sandstone facies at Sierra Aguja, and from the white sandstone facies at numerous 

localities. A single thin section specimen (WM-8), which exhibits extensive alteration 
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of feldspars and volcanic rock fragments, is also associated with detrital and authigenic 

kaolinite, and with abundant transported plant material. 

Sjderjte 

Siderite cementation was observed in one thin section specimen (SE-3) as a 

pervasive cement. The cement appears to be primary (not replacive) in origin, and fills 

original pore space. 

The genesis of siderite cement has been attributed to the influx of marine water and 

the presence of abundant ferrous iron during calcium carbonate precipitation. Ferrous 

iron becomes available during the decay of organic material under reducing conditions. 

As discussed above, in order for ferrous iron to remain available in interstitial waters 

during organic decay, reduced sulfur must be elimited. The suggested mechanism for the 

elimination of reduced sulfur involves depletion by anaerobic bacteria a few meters 

below the sediment water interface as suggested in Gautier and Claypool (1984) . 

Accompanying loss of carbon dioxide through methanogenesis would promote the 

precipitation of calcite, and, in the presence of ferrous iron, result in siderite 

precipitation. It is interesting to note that siderite-cemented sandstones were only 

observed at the Santa Elena exposure just above the contact with carbonaceous mudstones 

of the lower shale member. 

Iron oxjdes 

Iron oxides are found in several specimens, typically associated with sediments 

containing abundant oxidized volcanic rock fragments and some specimens containing 

shell material. It seems likely that the iron oxides are derived exclusively from 

oxidation of volcanic rock fragments, trace iron-rich minerals such as biotite or 

hornblende, and organic material. 
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Organjc material 

"Authigenic" organic material is present as dark brown splotchy inclusions, 

typically within rocks of the shell hash facies. Clots and wisps of organic material are 

also found in samples collected from the yellow friable sandstone facies at Sierra Aguja. 

Where present, organic material is typically associated with pyrite and iron oxides. 

"Authigenic" organic material is likely derived from adjacent host sediments and 

represents the resting place for organic acids and phenols generated during the decay of 

associated organic material (Edam and Surdam, 1986). 

Pyrite 

Pyrite occurs as framboidal inclusions typically disseminated in sparse quantities 

throughout ferroan calcite cements, around the margins of volcanic rock fragments or, 

as in specimen WRM-1 0, with kaolinite cement. The genesis of pyrite in shallow 

marine sedimentary rocks is discussed above. In summary, release of ferrous iron from 

glauconite, volcanic rock fragments, or organic material, and sulfate reduction leads to 

the formation of pyrite in interstitial waters under reducing conditions. The 

emplacement of pyrite in these sediments is typically an early diagenetic event. 

Phosphate 

Calcium phosphate was found in some specimens of the shell hash lithofacies. The 

phosphate observed in thin sections of this facies appears to represent an early cement 

which envelops detrital grains, and is associated with abundant shell fragments and 

organic material. The character of phosphate cement in the Rattlesnake Mountain 

sandstone member is very similar to that described in a study of the Cretaceous Fox Hills 

Sandstone (Carpenter et al. , 1988). As discussed in that study, phosphatization of 
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glauconite grains and some aragonite was a very early diagenetic phenomenon. A similar 

relationship is evident in thin sections of the Rattlesnake Mountain sandstone member. 

Phosphate mineralization typically occurs in zones of moderate oxidation of abundant 

organic material and associated genesis of humic acid. Phosphate ions are released from 

organic material as a result of the transition of fulvic to humic acids during the decay 

process, and become attached to calcium ions during this phase (Siansky, 1986). The 

presence of phosphate cement along with shell material and organic matter in the shell 

hash facies is therefore expected, given the inferred entrapment of organic material 

during the storms responsible for the generation of these deposits. 

Quartz 

Quartz overgrowths are sparse in all lithofacies of the Rattlesnake Mountain 

sandstone, which is in marked contrast to sandstones from the basal sandstone and 

Terlingua Creek sandstone members (Bohanan, 1987; Schroeder, 1988). Based on the 

sparse distribution within the Rattlesnake Mountain sandstone member, it is likely that 

the few quartz overgrowths observed, resulted from the reworking of older sediments 

which contained quartz overgrowths. A possible exception to this generalization is found 

in specimen ERM-19 from the Ophiomorpha sandstone facies, which contains numerous 

monocrystalline quartz grains having quartz overgrowths. 

Gypsum-anhydrite 

Gypsum- and anhydrite-filled fractures and pore spaces are observed in specimen 

SE-3. As discussed above, SE-3 was collected from the base of the Rattlesnake Mountain 

sandstone member just above carbonaceous mudstones of the lower shale member. 

Gypsum is typically observed as thin discontinuous lenses and on fracture surfaces 

associated with limonite throughout the lower shale member. The presence of these 
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cements in the lowermost portion of the Rattlesnake Mountain sandstone member 

suggests a common origin for these cements. The gypsum-anhydrite cement is likely a 

late stage, (possibly recent) surficial weathering phenomenon, associated with 

precipitation from sulfate-rich fluids. Such fluids may result from the interaction of 

groundwater with organic material and pyrite in the carbonaceous mudstone facies. 

Diagenetic Seguences 

The sequence of cement precipitation observed in each of the five grain-cement 

associations is presented below. Table 5.1 shows the relative abundances of each cement 

type. 

Grain-cement association 1 

Grain-cement association 1 is observed in all well-indurated sandstone units within 

the Rattlesnake Mountain sandstone, except those of the shell hash facies. Well

indurated units are found within the Ophiomorpha sandstone facies, isolated portions of 

the yellow friable sandstone facies, and the low-angle cross-stratified sandstone facies. 

The general cement morphology observed is that of blocky and poikilotopic ferroan 

calcite enveloping all or most of the detrital grains. In some specimens, patchily 

distributed authigenic clay is observed, likely associated with the in-place alteration 

and/or dissolution of feldspars and volcanic rock fragments. Other grain alterations 

observed include partial silicification of volcanic rock fragments, formation of sparse 

pyrite typically on the outer rims of volcanic rock fragments, and oxidation of iron-rich 

inclusions within volcanic rock fragments. A few specimens indicate that partial 

dissolution of feldspars preceded emplacement of ferroan calcite within the secondary 

pore spaces. Ferroan calcite cement is so pervasive that it is difficult to determine 

whether or not it has replaced a pre-existing low-magnesium calcite. Due to the very 
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limited nature of infilling, the optical continuity relationship between ferroan calcite in 

primary and secondary pore space could not be determined. Therefore, it is not known if 

ferroan calcite emplacement was in single or multiple stages. There are some 

indications that low-magnesium calcite cementation may have preceded ferroan calcite 

emplacement. The presence of isolated patches of low-magnesium calcite within 

otherwise ferroan calcite-dominated pore spaces suggests incomplete replacement. 

Specimen ERM-12 from the low-angle cross-stratified sandstone facies shows this 

relationship best among the thin sections examined. 

In summary, for grain-cement association 1, early phase pervasive calcite cement 

was later replaced by ferroan calcite. As discussed above, original marine phreatic 

calcite cement was almost completely replaced by later-stage ferroan calcite. Other 

cement types present are typically related to localized phenomena including 

precipitation of kaolinite cement as a by-product of alteration of feldspars, volcanic 

rock fragments, and detrital clay, and the formation of pyrite and later iron oxides 

around volcanic rock fragments. In rare examples, partial dissolution of some feldspars 

appears to have preceded calcite cementation . 

Grain-cement association 2 

Grain-cement association 2 is observed in the majority of white sandstone facies 

specimens, and some of the yellow friable sandstone specimens. In this association, 

kaolinite cement envelops the detrital grains. Patchy calcite cement is observed in 

places. Alteration of detrital grains includes partial silicification of volcanic rock 

fragments, formation of sparse pyrite typically on the outer rims of volcanic rock 

fragments, and oxidation of iron-rich inclusions within volcanic rock fragments. A few 

specimens show that partial dissolution of feldspars preceded emplacement of finer 

kaolinite cement within the secondary pore space. It was not determined if the kaolinite 



was replacive in nature, or if it simply infilled pre-existing secondary porosity, 

however, the latter is more likely, given the fine booklet crystal morphology of the 

kaolinite. 
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In summary, for grain-cement association 2, early phase pervasive kaolinite cement 

was precipitated, occluding most of the available pore space. The patchy distribution of 

calcite cement within an otherwise kaolinite cement-dominated rock suggests that calcite 

cementation occurred after kaolinite cement emplacement. Other cement types present 

are typically related to localized phenomena including the precipitation of later (finely 

crystalline) kaolinite cement as a by-product of alteration of feldspars, volcanic rock 

fragments, and detrital clay, and the formation of pyrite and later iron oxides around 

volcanic rock fragments. In some examples, partial dissolution of feldspars appears to 

have preceded the second phase of kaolinite cementation, although this second phase may 

be a direct product of alteration of the "host" grain. 

Grain-cement assocjatjon 3 

Grain-cement association 3 is observed with in well-indurated units comprising the 

shell hash facies. The dominant cement is multiple-morphology ferroan calcite 

enveloping all or most of the detrital grains, and abundant shell fragments (see 

preceding discussion of calcite cement). Initial cementation included very early phase 

phosphate and pyrite emplacement, which preceded or coincided with very early phase 

radial and microcrystalline aragonite or high-magnesium calcite. Later stage radial 

fibrous aragonite precipitation followed, resulting in complete occlusion of original 

primary porosity. Subsequently, dissolution of aragonite shell components was followed 

by cementation of ferroan calcite in resultant void spaces, and pervasive ferroan calcite 

replacement of the original aragonite or high-magnesium calcite cement occurred. The 

mechanism for replacement is described in the discussion of calcite cements, where 
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high-magnesium calcite cements were replaced by later-stage ferroan calcite. Other 

cement types are typically related to localized phenomena including precipitation of 

kaolinite cement as a by-product of alteration of feldspars, volcanic rock fragments, and 

detrital clay, and the formation of pyrite and later iron oxides around volcanic rock 

fragments. 

Grain-cement association 4 

Association 4 is basically identical to association 2, except that the presence of 

abundant detrital organic material in the lower white sandstone facies at Willow has led 

to the formation of acidic environments which more extensively altered the detrital 

components including feldspars and volcanic rock fragments. Extensive alteration has 

lead to the development of a more pervasive second episode of authigenic kaolinite 

emplacement, typically of a finer booklet morphology. 

Grain-cement association 5 

Association 5, observed only at the base of the Rattlesnake Mountain sandstone 

section at Santa Elena, is characterized by the envelopment of detrital grains in siderite 

cement, with late stage surficial weathering inducing lesser amounts of gypsum and 

anhydrite emplacement. Other characteristics of this association include the alteration 

of detrital components, identical to that found in association 1 . 

Sedimentary Facies and Diagenetic Relationships 

Comparison of lithofacies with sandstone diagenetic characteristics in the 

Rattlesnake Mountain sandstone member leads to the conclusion that original depositional 

environment may have had a direct control over subsequent diagenetic events. The 

general conclusion is that fully marine or marginal marine deposits (interpreted by 
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facies analysis) are dominated by carbonate cementation, and brackish to freshwater 

deposits (also interpreted by facies analysis) are dominated by kaolinite cementation. 

As discussed in Chapter Ill, fully marine to marginal marine lithofacies include the 

Ophiomorpha sandstone facies, the yellow friable sandstone facies, the low-angle cross

stratified sandstone facies, the various shell hash facies, and the Crassostrea sandstone 

facies. Brackish to freshwater lithofacies include the white sandstone facies of tidal 

delta and washover fan origin, the interbedded sandstone-mudstone facies, the sandy 

mudstone facies, and the carbonaceous mudstone facies. Record (1988) also found 

primarily kaolinite cementation in sandstones interbedded with carbonaceous mudstones 

of the lower shale member of the Aguja Formation, and siderite cement was also 

documented in this lithofacies. The genesis of siderite and kaolinite cement in such 

deposits is discussed above, and may be typical of organic-rich lagoonal and marsh 

deposits. 

Specimens collected from the interbedded sandstone-mudstone facies and yellow 

friable sandstone facies record a gradational upward change in cementation from 

kaolinite-dominant in the lower portions of the section, to calcite-dominant in the upper 

portions of the section. This trend is mirrored by the inferred sequential encroachment 

of marine conditions in these facies, the development of marginal marine and fully 

marine environments over previous lagoonal environments. 

The relationship between depositional environment and cement mineralogy and 

morphology was discussed by Shelton (1964) . He concluded that a direct correlation 

between depositional environment and cementation is not ubiquitous, but cited many 

examples from the rock record which would suggest such a correlation. Such a 

correlation is supported by study of the Rattlesnake Mountain sandstone. The 

requirements for a correlation between depositional environment and cement type would 

include the following: 
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1 . Uthification must be initiated soon after deposition to occlude most available pore 

space and limit subsequent movement of interstitial fluids, thereby preserving cements 

precipitated from the original interstitial fluids; 

2. Contrasting chemical properties must exist in the interstitial fluids between 

lithofacies for a cementation distinction to result. In this example, the contrast is 

directly related to the difference in chemical characteristics between marine and 

brackish water-derived interstitial fluids. The presence of abundant organic material 

and development of reducing conditions below the sediment-water interface, unique to 

certain depositional settings, also affected early cement types; 

3. Composition of the detrital sediment must vary to some degree. As discussed 

above, the presence of detrital organic material has a strong influence over cement-type 

and grain alteration. In addition, the presence of detrital clays and the presence of 

abundant shell material, unique to certain depositional settings, influences early 

interstitial fluid chemistry; and 

4. The sedimentary section must not be subjected to extreme burial depths, or 

extreme temperature or pressure gradients which would extensively affect the stability 

of the detrital grains and early cements. As discussed above, the Aguja Formation in the 

study area has not been subjected to extreme burial depths. Local high heat flow and 

hydrothermal activity in the vicinity of the Tertiary intrusions likely affected some 

localities in the study area, such as at Willow, South Willow, and the southwestern flank 

of Rattlesnake Mountain. However, obvious alteration of the surrounding sedimentary 

rocks seldom extends beyond a few meters from the intrusive contact, and samples 

examined in this study were collected at a substantial distance from the intrusions. 

In conclusion, dominant modes of cementation were strongly influenced by original 

pore water composition. Subsequent diagenesis was limited by the pervasive occlusion of 

original porosity with calcite or kaolinite, and lack of extreme burial of the Aguja 
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Formation. The primary later diagenetic alterations observed include replacement of 

high-magnesium calcite with ferroan calcite in marine lithofacies, and localized 

alteration and dissolution of feldspars and volcanic rock fragments, typically due to 

acidic microenvironments set up by the decay of organic material. 



CHAPTER VI 

PALEOENVIRONMENTAL SUMMARY 

Introduction 

Reconstruction of the paleoenvironmental setting of the Rattlesnake Mountain 

sandstone member is based on the interpretation of its nine individual lithofacies and the 

correlation of these facies across the study area. A summary of primary characteristics 

of each of the nine lithofacies is shown in Table 6.1. Large-scale lateral lithofacies 

relationships are best observed at the Rattlesnake Mountain exposures (Figures 6.1 and 

6.2), and at the Sierra Aguja exposure (Figure 6.3). Based on the suite of lithofacies 

observed, the Rattlesnake Mountain sandstone is interpreted to have been deposited in a 

wave-and storm-dominated, transgressive coastal environment. The focus of this 

chapter is to discuss the preservation potential of transgressive depositional sequences, 

and to compare the observed lithofacies relationships with modern and ancient analogs to 

support the above interpretation. This chapter summarizes the observations presented 

in Chapter Ill, which focussed on description and interpretation of individual lithofacies. 

Coastal Depositional SeQuence Preservation Potential 

As discussed in Chapter Ill, non-marine paludal sediments of the lower shale 

member are overlain by lagoonal and nearshore sediments of the Rattlesnake Mountain 

sandstone member, which are in turn overlain by marine shelf sediments of the 

McKinney Springs tongue (Pen Formation). This stratal succession requires marine 

transgression across the study area. The vertical facies sequence observed in the 

Rattlesnake Mountain sandstone member generally suggests sequential deposition of 

progressively higher energy deposits. This characteristic is observed in many modern 
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Table 6.1 Summary of primary characteristics and interpretation of lithofacies within the 
Rattlesnake Mountain sandstone member. 
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Figure 6.1 Lithofacies correlation between measured sections within the Rattlesnake Mountain 
sandstone member, northeastern flank of Rattlesnake Mountain. 
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Figure 6.2 Lithofacies correlation between measured sections within the Rattlesnake Mountain 
sandstone member, southwestern flank of Rattlesnake Mountain. 
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Figure 6.3 Lithofacies correlation between measured sections within the Rattlesnake Mountain 

sandstone member, exposures near Sierra Aguja. 
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non-deltaic coastal regimes which have been subjected to relative sea level rise since 

the Pleistocene (e.g., Bernard et al., 1970). 

The preservation potential of such transgressive depositional sequence has been 

questioned for some time (discussed in Elliott, 1986). During transgression, 

encroaching marine conditions are thought to subject paralic deposits to shoreface 

erosion and would hence remove and redistribute most, if not all of these sediments. 

Thus, only regressive coastal sedimentary sequences are expected to have good 

preservation potential. 

Partial preservation of a transgressive shoreline sequence was noted in a study of the 

modern Delaware coast by Kraft (1971 }. Kraft (1971} concluded that preservation of 

these sequences may vary from complete retention to total loss, depending upon the 

length of time the beach face had been exposed to shoreface erosion. Recent studies have 

shown that a variety of factors influence the degree of preservation in transgressive 

coastal stratigraphic sequences. As discussed in Kraft and Chrzastowski (1985), these 

factors include depth of erosion across the shoreface as the transgression progressed, 

sediment characteristics, shoreline orientation, tidal range, pre-existing topography, 

and the rate of relative sea level rise. The rate of relative sea-level rise is controlled 

by the rate of basin subsidence, the rate of sediment supply to the shoreline, and the rate 

of global (eustatic) sea-level rise. In the Big Bend region, an appropriate balance must 

have been achieved between these factors, allowing preservation of the transgressive 

coastal deposits. 

Landward migration of beach facies resulting from transgression is currently 

believed to result from one of two mechanisms including shoreface retreat, where 

shoreface sediments are reworked during relative sea level rise and deposited in lagoons 

as washover fans or offshore as storm beds, and in-place drowning, where landward 

shoreline jumps may completely submerge a barrier island (discussed in Elliott, 
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1986). Lack of a barrier facies preserved in situ within the Rattlesnake Mountain 

sandstone member supports the more commonly held view of shoreface retreat, though 

considerably modified by the presence of tidal inlets. 

Where tidal inlets are present, the inlet sand bodies tend to dominate the depositional 

record. Due to the great depth of scouring during migration of inlets, their deposits are 

emplaced below the level of shoreface erosion during transgression. In addition, tidal 

inlets migrate at a relatively rapid rate, leaving behind their deposits over a widespread 

area. Deposition of tidal inlet sand bodies during shoreface retreat would be recorded as 

a sheet-like complex of longshore accreted inlet-related sand facies disconformably 

overlying lagoonal sediments. This is the case in the Rattlesnake Mountain sandstone 

member. 

A study of the modern Mississippi delta region by Penland et al. (1988) revealed 

that up to 50 percent of the total stratigraphic sequence thickness present today records 

deposition during periods of transgressive submergence. Some degree of shoreface 

reworking occurs during deltaic submergence, and the rate of submergence controls the 

degree of sequence preservation. Processes which have affected preservation of the 

Rattlesnake Mountain sandstone member are likely a combination of shoreface retreat 

under relatively low wave energy, coupled with tidal inlet migration and relatively 

rapid transgressive submergence (Figure 6.4). Such processes could explain the 

preservation of the transgressive sequence found in the Rattlesnake Mountain sandstone. 

In an alternative interpretation for the preservation of thick transgressive 

sequences, Ryer (1977) suggested that deposition of such sequences actually occurs 

during short-term periods of still-stand or progradation, during a long-term 

transgressive episode. Should each sequential still-stand or progradational deposit 

become preserved in a given area, an overall transgressive sequence would be inferred. 

Each still-stand or progradational deposit would be bounded by disconformities, 
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WASHOVER FANS, TIDAL DELTAS 
MAXIMUM DEPTH OF INTENSE REWORKING 

LAGOON 
SHOREFACE 

MAXIMUM DEPTH OF INTENSE REWORKING 
EXPOSED BARRIER ISLAND 

Figure 6.4 

TIDAL INLET 

~DIRECTION OF TIDAL INLET MIGRATION 

Suggested mechanisms for preservation of sediments deposited under 
transgressive conditions. In the upper diagram, the rate of relative sea
level rise exceeds the rate at which erosional processes are able to 
completely rework the shoreface. In the lower diagram, lack of erosion of 
facies deposited below the zone of reworking in tidal inlet complexes, 
coupled with relatively rapid inlet migration and burial of facies, may 
preserve a significant portion of the transgressive record. 
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representing periods of depositional hiatus or condensed sections. Recognition of such 

disconformities in the Rattlesnake Mountain sandstone member would be difficult for two 

primary reasons. First, as discussed above, transgressive coastal environments are 

replete with "normal" erosional surfaces caused by active depositional processes such as 

inlet migration or storm events. It would likely be difficult to differentiate a still-stand 

or progradational disconformity from a normal erosional surface in examples where 

only an abrupt facies contact is observed. Second, owing to the limited lateral extent of 

most Rattlesnake Mountain sandstone exposures, such disconformities may not be 

correlatable over a broad area, a suggested requisite for such an interpretaion. 

Moreover, the vertical sequence of lithofacies, and associated fauna, in the Rattlesnake 

Mountain sandstone requires gradual transgressive submergence rather than general 

progradation punctuated by non-depositional episodes of transgression. Given the nature 

of lithofacies contacts observed in this study, erosional surfaces are interpreted to be 

from normal short-term erosional/depositional processes characteristic of a 

transgressive coastal system, rather than from relatively long-term non-depositional 

periods. 

The Rattlesnake Mountain sandstone member is limited in extent, primarily to the 

western portion of Big Bend National Park, where this member is well developed and 

exhibits a complex pattern of facies development typical of modern transgressive coastal 

environments. In the easternmost exposures, the Rattlesnake Mountain sandstone 

member is limited to a thin transgressive lag deposit typical of most ancient analogs 

(e .g., Elliott, 1986). Complete erosion of shoreline deposits (expected in a 

transgressive setting) was limited to the easternmost region, and the stratigraphic 

turnaround point where transgressive sandstones of the Rattlesnake Mountain and 

progradation sandstones of Terlingua Creek members merge, was likely just west of the 

present exposures. 
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As discussed above, the lithofacies characteristics and relationships observed in this 

study are typical of those present in modern transgressive, microtidal to mesotidal 

coastal systems having tidal inlets (e.g., Bernard et al., 1970; Elliott, 1986; Israel et 

al., 1987). These systems are dominated by wave and storm processes, and 

characteristically have rapidly shifting subenvironments. Based on the stratigraphic 

columns developed in this study (Appendix) and Lehman's initial study of the Rattlesnake 

Mountain sandstone member (Lehman, 1985), the following general characteristics are 

consistent with modern analogs: 

1 . A generally consistent succession of lithofacies, invertebrate fauna, and 

ichnofauna, is observed in the western Park exposures, with marsh and swamp deposits 

at the base of the section overlain by progressively more marine facies; 

2. The typical lithofacies succession observed here indicates sequential development 

of the following coastal subenvironments (in order of development) : fringing or 

backbarrier marsh (carbonaceous mudstone facies), lagoon floor (interbedded 

sandstone-mudstone facies), flood-tidal delta and washover fan with laterally equivalent 

tidal inlet channel and shoal (white sandstone to yellow friable sandstone and shell hash 

facies), and upper and middle shoreface (Ophiomorpha and shell hash facies). The top of 

this section indicates redevelopment of shoal deposits, likely due to tidal inlet and 

barrier island migration. This sequence is best represented in exposures along the 

northeastern flank of Rattlesnake Mountain (Figure 6.5) ; 

3. In some stratigraphic sections of this member having several lithofacies 

represented, internal stratigraphy is complicated by repetitive emplacement of 

individual facies, and the general lack of laterally extensive development of 
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Photograph showing preserved facies succession in the Rattlesnake 
Mounta.in sandstone member, northeastern flank of Rattlesnake Mountain. 
Cliff-face is composed of (in succession) the carbonaceous mudstone 
facies, the interbedded sandstone-mudstone facies, the white sandstone 
facies, and the low-angle cross stratified sandstone facies. The yellow 
friable sandstone facies comprises the slope former above the upper ledge 
of the cliff-face. The shell hash and Ophiomorpha sandstone facies 
comprise the relatively indurated unit protruding from the slope face. 
The yellow friable sandstone facies and McKinney Springs tongue of the 
Pen Formation comprise the slope-forming u~ at the left edge of the 
photo. Photograph taken from near locality L-5. View is toward the 
south. · 
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individual facies. This characteristic is apparent in exposures along the southwestern 

flank of Rattlesnake Mountain, Willow, and South Willow; 

4. Contacts between individual lithofacies are erosive in nature, with the exception 

of the lagoonal sequence consisting of interbedded sandstones and mudstones over 

carbonaceous mudstones. The erosive contacts are typical of coastal lithofacies, 

controlled predominantly by rapidly shifting subenvironments, and commonly 

punctuated by storm sedimentation events; and 

5. As observed at Rattlesnake Mountain, Willow, and South Willow exposures, the 

most repetitive units present in the stratigraphic sections are of the shell hash facies, 

again, typical of transgressive coastal environments punctuated by storm sedimentation 

events. 

Paleoenvironmental Model 

Based on the information gathered in this study, a paleoenvironmental model is 

herein proposed for the Rattlesnake Mountain sandstone member. Figures 6.6 and 6.7 

are diagrammatic representations of the paleoenvironmental model. 

Forlowing the coastal progradational episode which deposited the basal sandstone and 

lower shale members of the Aguja Formation, regional relative sea level rise began 

eroding the former progradational shoreface and deltaic deposits resulting in a 

transgressive barrier island system. Development of the barrier system lead to the 

formation of the morphologic features shown in Figure 6.6. The figure depicts a typical 

microtidal, wave dominated transgressive shoreline analogous to those present in the 

modern Gulf of Mexico, and in some areas along the Georgia and South Carolina coasts. 

As the shoreline retreated across the study area, fringing and back-barrier marsh 

deposits (carbonaceous mudstone facies) were covered by sediments from encroaching 

distal regions of flood-tide deltas (interbedded sandstone-mudstone facies) . Shoreface 



0 

. . . 

. : ----.....:- . 

ABANDONED 
DISTRIBUTARY CHANNEL 

1 2 km 

. . . .. . 

LAGOON 

194 

. . 

. . . 

. .. 

FRINGING MARSH 

Figure 6.6 Idealized representation of various sul:renvironments associated with 
development of the Rattlesnake Mountain sandstone member. 
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Figure 6.7 Proposed identification of lithofacies with sub-environments represented 
in the Rattlesnake Mountain sandstone member. 
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erosion began reducing older deposits farther east into a thin, winnowed transgressive 

lag deposit. 

With continued shoreface retreat, sediments began inundating the area as tidal delta 

and washover fan encroachment progressed (white sandstone facies). Episodic 

hurricanes and/or severe winter storms lead to accumulation of washover sheets and 

shell hash deposits. These deposits punctuate all subsequent transgressive shoreline 

deposits in the area. 

Over shallow lobate portions of the tidal deltas and over limited shoaling areas 

beyond the tidal inlets, current energy was sufficient to transport sand in subaqueous 

dunes (low~angle cross-stratified facies). Crassostrea reefs developed over portions of 

the tidal delta complex. In addition, Flemingostrea oysters and associated fauna began 

inhabiting hospitable portions of the shoal areas fringing the tidal inlets and tidal delta 

complexes. 

As the transgression progressed, and the barrier island complexes retreated, shoal 

deposits (yellow friable sandstone facies) and upper and middle shoreface deposits 

( Ophiomorpha sandstone facies) began to accumulate over the study area. Pre-existing 

morphologic features, including the subaerially exposed portions of the barrier islands 

and their associated upper shoreface deposits, were removed from the study area by 

continued shoreface erosion. Erosion did not, however, completely remove underlying 

marsh, lagoon, tidal delta, tidal channel, shoal and middle shoreface deposits. 

Eventually, as water depth increased and the area fell below wave base, lower shoreface 

and offshore muds of the McKinney Springs tongue of the Pen Formation covered the 

Rattlesnake Mountain sandstone member. 
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ADDITIONAL STRATIGRAPHIC SECTIONS 
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Figure A. 1 Stratigraphic section of the Rattlesnake Mountain sandstone 
member at locality L-1, northeastern flank of Rattlesnake 
Mountain. The scale to the left of the stratigraphic column is 
in meters. 
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Figure A.2 Stratigraphic section of the Rattlesnake Mountain sandstone 
member at locality L·1 , southwestern flank of Rattlesnake 
Mountain. The scale to the left of the stratigraphic column is 
in meters. 
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Figure A.3 Stratigraphic section of the Rattlesnake Mountain sandstone 
member at locality L- 1 4, southwestern flank of Rattlesnake 
Mountain. The scale to the left of the stratigraphic column is 
in meters. 
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Figure A.4 Stratigraphic section of the Rattlesnake Mountain sandstone 
member at locality L-3, Willow. The scale to the left of the 
stratigraphic column is in meters. 
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Figure A. 5 Stratigraphic section of the Rattlesnake Mountain sandstone 
member at locality L-5, Willow. The scale to the left of the 
stratigraphic column is in meters. 
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Figure A. 6 Stratigraphic section of the Rattlesnake Mountain sandstone 
member at locality L-3, Santa Elena. The scale to the left of 
the stratigraphic column is in meters. 
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Figure A. 7 Stratigraphic section of the Rattlesnake Mountain sandstone 
member at the South Willow locality. 
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