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ABSTRACT

The Early Cretaceous in the northern Gulf of Mexico was a time of widespread carbonate deposition. The catchment area
of clastic sediment directed into the Gulf of Mexico was relatively small. Moreover, a rimming carbonate margin prevented the
movement of any significant volume of siliciclastic sediment, especially sand, into deep water. This depositional system changed
dramatically, but briefly, in the Albian and Cenomanian with a shift to siliciclastic deposition recorded by the Tuscaloosa
Group. The latest Cretaceous marked a return to carbonate deposition in the Navarro-Taylor supersequence up to the time of
the Chicxulub Impact.

In this paper, we investigate a phase of clastic deep-water deposition during the Cretaceous with a new biostratigraphic age
model integrated with core sedimentology and well log correlation, for the deep-water siliciclastic rocks encountered in the
Keathley Canyon (KC) 102 #1 (Tiber) well. These data suggest that the transition to siliciclastic deposition in deep water began
in the Albian, earlier than previously thought. Our new age model shows that a large part of the 1650 ft thick section of deep-
water siliciclastic rocks encountered in the Tiber well are Albian and associated with the Paluxy-Washita (PW) supersequence,
not Cenomanian-Turonian Eagle Ford—Tuscaloosa (EFT) supersequence as previously thought. Furthermore, the sandstones
seen in core from the PW and EFT supersequences are relatively coarse-grained as compared to other Cenozoic reservoirs
ranging from fine sand to coarse sand and granules. A thick section of deep-water sandstone in this grain size range hundreds
of miles from the contemporaneous shoreline suggests a direct connection between updip fluvial deltaic systems and submarine
canyons routing sand into submarine fans.

Geochemical data identifies organically enriched shales above the sand-rich siliciclastic interval seen in the KC 102 #1 well,
which we interpret as evidence for the Coniacian-Santonian Oceanic Anoxic Event (OAE) 3.

The occurrence of thick, sand-rich, deep-water deposits in the Albian is important for two reasons. First, it has significant
implications for unraveling the paleogeography of North America in the Cretaceous, especially the orientation of fluvial drain-
age systems that fed these submarine fans. Secondly, Cretaceous deep-water reservoirs are an emerging play in the central
Gulf of Mexico, as demonstrated in recent drilling campaigns. Understanding reservoir distribution is key to the success of this
new play. Moreover, potential source rocks in the Cenomanian and Coniacian overlie these reservoirs in an optimal position to
both charge and seal reservoir sandstone.

INTRODUCTION

The Cretaceous stratigraphy of the Gulf of Mexico is com-
plex, with a plethora of local formation and lithostratigraphic
names. A number of these units occur entirely in the subsurface
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accepted July 19, 2022. purposes of this paper, we use the basin-wide supersequences
defined by Snedden and Galloway (2019) based on micropaleon-
GCAGS Journal, v. 11 (2022), p. 58-70. tology, well log, and 2D seismic correlation. Of particular inter-
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est in this paper are the Paluxy-Washita (PW) and Eagle Ford—
Tuscaloosa (EFT) supersequences (Fig. 1). Within these superse-
quences are a series of lithostratigraphic units such as the Albian
Paluxy Formation and Dantzler Formation. This Upper Albian
supersequence and the overlying Cenomanian/Turonian Tusca-
loosa Group can be uniquely differentiated based on biostratigra-
phy.

In the northern Gulf of Mexico, the Albian was a time of
largely carbonate deposition with broad carbonate platforms rim-
ming the basin and restricting the movement of siliciclastic sedi-
ments into deep water (Salvador, 1991; Phelps et al., 2014; Sned-
den and Galloway, 2019). This depositional framework changed
in the Cenomanian with the influx of siliciclastic rocks associated
with the Woodbine and Tuscaloosa formations (Salvador, 1991;
Snedden and Galloway, 2019; Snedden et al., 2022). Although
the fluvial and deltaic facies of the Woodbine and Tuscaloosa are
well known from outcrops and subsurface data, there are few
penetrations of their coeval deep-water facies. Recent sediment
volume mapping by Snedden et al. (2022) shows that significant
volumes of sediment were deposited in the fluvial deltaic systems
of the Albian PW supersequence in present-day southern Ala-
bama, Mississippi, Georgia and the Florida Panhandle. Their
mapping shows very limited sand bypass off the shelf, with ma-
jor accommodation in a series of siliciclastic subsurface depocen-
ters. In contrast, mapping suggests significant deep-water sedi-
mentation linked to updip Cenomanian Tuscaloosa deltas and
incised valleys (Wolf, 2012).

The objective of this paper is to describe the Cretaceous
deep-water facies seen in newly released data from the Keathley
Canyon (KC) 102 #1 Tiber well, determine their age, place them
in a regional context, and discuss their significance for explora-
tion in the Gulf of Mexico.

BP and partners drilled the KC 102 #1 well in 2009 to a
depth of 35051 ft measured depth (MD) (Figs. 2 and 3). At the
time, it was the deepest well drilled in the Gulf of Mexico. It is
one of a small number of wells to encounter Cretaceous deep-
water deposits in the northern Gulf of Mexico. Core photos from
this well are the only publically released data on deep-water
lithofacies from the Cretaceous interval in this area of the north-
ern Gulf of Mexico. In addition to the KC 102 #1 well, several
updip wells penetrate the Cretaceous; these helped us to under-
stand slope channel-fill and deltaic deposits that record the feeder

systems to the submarine fans seen in KC 102 #1 (Fig. 4). Core
and well log data indicate that these deep-water sandstones are
not only over 1500 ft thick, they are relatively coarse grained
with mean grain-size in the fine upper to medium lower sand size
range and maximum grain sizes of coarse sand and granules.

Since the drilling of the KC 102 #1 well there have been no
other tests of the Cretaceous deep-water play in the KC protrac-
tion area. Instead, the focus of exploration for this play shifted
eastward to the Mississippi Canyon (MC) protraction area where
two exploration wells have recently been drilled into the Mesozo-
ic section—the BP Galapagos Deep prospect (MC 518 #2) in
2020, and in 2021 the Chevron MC 35 #2 Silverbank prospect
(Fig. 2). Results of these wells are not publically available as of
December 2022.

DATA AND METHODS
Biostratigraphy

We conducted an in-depth biostratigraphic re-interpretation
of a 2000 ft interval through the Cretaceous section in the KC
102 #1 well using the publicly available raw biostratigraphy data
initially collected by BP and onsite paleontologist (Digital Plate
1; see Appendix). Biostratigraphy data were collected from ditch
cuttings at 30 ft intervals, a standard industry procedure.

Our first iteration of data interpretation applied traditional,
industry-standard methods of identifying biohorizons—typically
extinction events—of established marker species and applying
their age datum (Waterman et al., 2017). Last appearance da-
tums (LADs) and first appearance datums (FADs) of calcareous
nannofossil and foraminifer marker species were recognized ac-
cording to the widely applied Cretaceous and Upper Jurassic
biostratigraphic chart of the Gulf Basin (Lu et al., 2019). We
used the geologic time scale of Ogg et al. (2016) to ensure the
most current stratigraphic calibrations. Two academic biozona-
tions were also referenced: the classic nannofossil biozonation
from Perch-Nielsen (1985); and Corbett et al. (2014) who pro-
duced a quantitatively-derived optimum sequence of nannofossil
biostratigraphic events from the late Cenomanian to Coniacian
using ranking and scaling (RASC) statistical analysis including
datums with absolute ages. Our next approach applied FADs
and/or LADs of non-marker species and genera, which yielded
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Figure 2. Map of the Gulf of
Mexico showing the location of
the wells referenced in this pa-
per. Red line shows the Albian
shelf edge from Snedden and
Galloway (2019). Wells MC 35
and MC 518 are reported to be
recently drilled exploration wells
testing the Cretaceous deep-
water play in the eastern Gulf of
Mexico.
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enough useful age datum to make a conservatively reliable and
informative biostratigraphic interpretation with which we were
able to effectively address the study’s objectives.

We produced distribution charts and interpreted them in
conjunction with the biostratigraphy chart (Digital Plate 1). In
contrast to biostratigraphic charts, which focus on select species
intended for age interpretation, distribution charts plot all species,
in order of observation from the top to the bottom of the hole,
identified in each group of calcareous nannofossils and foramini-
fers, including total microfossil abundance curves. Distribution
charts, therefore, are valuable tools for visualizing any abnormal-
ities in microfossil distribution that may occur because of signifi-
cant geological events and environmental shifts—abnormalities
that may go unnoticed when applying only a regional stratigraph-
ic datum chart.

Gamma ray and resistivity well logs were integrated with the
biostratigraphy and incorporated on to the biostratigraphy chart
to further constrain geologic age and interpret geological events
recorded in KC 102 #1 (Digital Plate 1). Answers sought from
biostratigraphy include identification of the Cenomanian/
Turonian boundary, the oceanic anoxic events (OAEs), position
of any major unconformities, interpreting the age of the sand-
stones previously interpreted as Tuscaloosa (Upper Cretaceous),
and, finally, to interpret the geologic age at the base of hole
(BOH).

Core Data

BP released core photos, thin-section photos, porosity and
permeability data, and petrophysical logs from the Cretaceous
section in the KC 102 #1 well. We downloaded these data from
the Bureau of Ocean Energy Management (BOEM) website
(https://www.data.boem.gov/) for interpretation. Of particular
interest were high-resolution core photos, thin-section photos,
and porosity and permeability data from 235 ft of conventional

core taken in what we interpret as the Tuscaloosa Group, part of
the EFT supersequence and the Dantzler sandstones of the Albian
PW supersequence (Fig. 3). The well penetrated but did not core
the Paluxy Sandstone. High quality core photos were used to
describe lithology and sedimentary structures seen in core. Thin-
section photos, that had a scale in mm, were used to measure
grain size. We did not gather or have access to petrographic data
on framework mineralogy. We did not have access to the core to
sample it for other data such as detrital zircon analysis.

Petrophysical Logs and Seismic Data

We used gamma ray and resistivity logs to infer litho-
facies (sandstone, mudstone, and limestone). Log motifs (e.g.,
cleaning-up, fining-up) gave clues to environment of deposition.
Given the burial depth of over 30,000 ft below the seafloor,
available 2D seismic reflection data were not useful for determin-
ing depositional environment.

Geochemical Data

Bulk geochemical data, total organic carbon (TOC, in
weight % organic carbon) and Rock-Eval hydrogen index values
(HI, in mg hydrocarbon HC/g TOC) were taken from previous
geochemical studies on three industry wells (Garden Banks
[GB] 754 #1 Norton, Alaminos Canyon [AC] 557 #1 Baha II,
and KC 102 #1 Tiber) retrieved from the Bureau of Safety
and Environmental Enforcement (BSEE) data repository
(https://www.data.bsee.gov/) (Fig. 2). The data were derived
from sample-based measurements obtained mainly from ditch-
cuttings samples at 30 ft to 60 ft intervals and secondarily from
rotary sidewall cores. Stratigraphic relationships between organ-
ic-rich beds in the wells are demonstrated through correlation of
biostratigraphic tops obtained from this study and the BSEE re-
ports (Fig. 5). Additional aids for recognizing OAEs such as
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Figure 3. Wells logs showing
the Cretaceous section in the KC
102 #1 well (left) and sedimento-
logic graphic log of the KC 102
#1 core (right).
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Figure 4. Shelf to basin cross-section showing the stratigraphy and interpreted paleoenvironments of the Albian through Ceno-
manian-Turonian section in the northern Gulf of Mexico. The location of this cross-section is shown in Figure 2. Log motifs as
shown in the legend are further explained in the text. Vertical scale on left. Equal spacing for wells used and location of wells

shown in Figure 2.

carbon isotope stratigraphy were not available for this study, so
assignments of organic-rich beds to individual OAEs are based
on biostratigraphic ages and are considered provisional.

RESULTS
Geologic Age and Major Geological Events

We focused our re-interpretation of the biostratigraphy on
the Cretaceous section of the KC 102 #1 well from 32,330 ft to
35,000 ft MD (Digital Plate 1). We interpret the Cretaceous/
Paleogene boundary event at 32,330 ft MD, with associated im-
pact related processes (cf Sanford et al., 2016) having truncated
the section down to the lower Maastrichtian, according to the
original biostratigraphy report (Bergen, 2009). The top Campa-
nian is interpreted to be within the sample from 32,415-32,430 ft
MD (Bergen, 2009).

From 32,430-33,390 ft MD the geologic age is interpreted
to be Coniacian through Campanian (undifferentiated), and the
Turonian is interpreted to be entirely truncated. Our interpreta-
tion is based primarily on the first occurrence (FO) of Micula
decussata at 33,360 ft MD (FAD, 89.77 Ma; Turonian/Coniacian
boundary) and the FO of Micula concava at 33,300 ft MD (FAD,
~88 Ma; mid-Coniacian). The co-existence of these two species
means the geologic age cannot be younger than Coniacian. Our
interpretation is consistent with the original biostratigraphy re-
port that noted a major stratal discontinuity in the upper Coni-
acian from 33,350-33,360 ft MD (Bergen, 2009).

In addition to truncation of the Turonian, we also interpret
the strata containing the Cenomanian-Turonian OAE 2 were
completely eroded based on the absence and/or truncation of
several critical marker species (Corbett et al., 2014). The ab-
sence of gamma ray and resistivity log signatures characterizing

OAE 2 (Lowery et al., 2017) and multiple major stratal disconti-
nuities observed and noted in the original biostratigraphy report
(Bergen, 2009) also point to a significant unconformity (Fig. 5).

The Cenomanian/Coniacian boundary, therefore, is inter-
preted at 33,390 ft MD, and is also interpreted to be truncated
based on a significant uphole decrease in total microfossil abun-
dance, a characteristic often indicative of a major geological
event that disturbed the environment and the established ecosys-
tem. Supporting our interpretation of this stage boundary are the
last occurrences (LO) of calcareous nannofossils Rhagodiscus
asper (LAD, 93.9 Ma) and Corolithion kennedyi (LAD, 94.64
Ma) at 33,390 ft MD. Supporting the interpretation of an uncon-
formity is the observation of Broinsonia signata (LAD, 99.9 Ma)
at 33,390 ft MD, although it is a single occurrence. The original
biostratigraphy report noted another major stratal discontinuity in
the upper Cenomanian from 33,390-33,420 ft MD (Bergen,
2009).

Just below the Cenomanian/Coniacian boundary, at 33,400
ft MD, we interpreted the top EFT supersequence based on log
signatures. Within the Cenomanian, the top of the lower Tusca-
loosa sand is interpreted at 33,650 ft MD.

The Cenomanian/Albian boundary, interpreted at 33,850 ft
MD, is another disconformable surface. Supporting this interpre-
tation is the occurrence of calcareous nannofossil Braaru-
dosphaera stenorhetha (LAD, 100.49 Ma) (single occurrence).
Further supporting this boundary interpretation and its likely
truncation are the occurrences of foraminifers Rotalipora appen-
ninica (LAD, 95.47 Ma), Praeglobotruncana delrioensis (LAD,
96.76 Ma), Rotalipora subticinensis (LAD, 102.42 Ma), and Tici-
nella roberti (LAD, 101.48 Ma) that are all truncated at 33,850 ft
MD. The ranges of Rotalipora appenninica and Rotalipora sub-
ticinensis do not overlap, however, so Rotalipora subticinensis



The Early Cretaceous Transition from Carbonate to Siliciclastic Deposition in the Deep Waters 63
of the Northern Gulf of Mexico: New Insights from the Keathley Canyon 102 #1 Well

may be reworked. Similar to the Cenomanian/Coniacian bounda-
ry, there is also a significant shift in total microfossil abundance
across this boundary indicating a significant geological event,
and/or environmental shift. Integrated with the biohorizon,
the well log signatures and lithostratigraphy align with and in-
form what we interpret as the base of a thick Tuscaloosa sand
package.

From 33,850 ft MD to the bottom of the hole, the biostratig-
raphy-based geologic age is interpreted to be Albian. Although
microfossils are sparse, several species with concomitant ranges
through the Albian were observed including calcareous
nannofossils Watznaueria barnesae, Cretarhabdus conicus,
Discorhabdus ignotus, Rhagodiscus angustus, Eiffelithus turris-
eiffelii, Zeugrhabdotus embergeri, Tranolithus orionatus, Nanno-
conus regularis, Rhagodiscus achlyostaurion, Chiastozygus
platurhethus, Prediscosphaera columnata, Braarudosphaera
stenorhetha, and Nannoconus truitii, along with foraminifers
Rotalipora appenninica and Rotalipora spp. Several of these
observed species also co-existed through the Aptian, but we do
not interpret strata any older than Albian here based on the ab-
sence of Hedbergella trocoidea, a planktonic foraminifer that
reliably marks the Glen Rose (lower Albian) across the Gulf of
Mexico. Our age interpretation at BOH is consistent with the
original biostratigraphy report (Bergen, 2009).

Regional Stratigraphic Framework

Well logs from the limited number of wells that penetrated
the Cretaceous interval in the central Gulf of Mexico were corre-
lated using biostratigraphy and regional 2D seismic data (Figs. 4
and 5). The Baha II well encountered Cretaceous deep-water
sandstones, but they were thinner and lower net to gross (NTG)
than in the KC 102 #1 well. The thick Albian sandstones en-
countered in the KC 102 #1 correlate to deep-water marls and
carbonate-rich zones in Baha II. We have access to a limited
amount of data from these wells. Our only tool to interpret their
environment of deposition is the gamma-ray log motifs of these
widely spaced wells. We observed fining-upward trends, inter-
preted as channel-fill deposits and upward-coarsening patterns,
interpreted as channel-mouth lobe deposits. Given the sparse
data and the distance of these wells from the coeval shoreline we
infer that these wells record deposition on a submarine fan. The
marls seen in Baha II record deposition at the margins of the fan
seen in the KC 102 #1 logs. Moving up depositional dip, the MP
295 well encountered interbedded sandstones and mudstones
with dominant fining and thinning upward log motifs that we
interpret as lower-slope, channel-fill deposits, based on their log
motifs and regional stratigraphic context. We interpreted these
slope channel-fill deposits within all three units - the Paluxy,
Dantzler, and Tuscaloosa. The Highlander well did not penetrate
the Paluxy section. It encountered what we interpret as middle to
upper slope channel-fill deposits in the Tuscaloosa Group and
Dantzler Formations, with relatively thick, blocky to slightly
fining upward gamma ray log patterns. The Shell Hughes #1
encountered a thick Tuscaloosa section, with massively thick
upward thickening patterns indicated deposition in expanded
shelf-edge deltas. Barrell (1997) described similar shelf-edge
deltaic and slope channels-fill deposits for the deep Tuscaloosa
trend of Louisiana. The Shell Hughes #1 did not penetrate the
Albian section.

Core Facies

Core from the KC 102 #1 well encountered two thickly bed-
ded successions of sandstones with an intervening 57 ft thick
mudstone interval (Fig. 3). The lower 145 ft of core are com-
posed of well-sorted, upper fine to lower medium grained, struc-
tureless sandstones (‘Ta’ following the Bouma classification)
with lesser quantities of coarse-grained, poorly sorted sandstones

(‘S beds’ of Lowe [1982]), and cross-bedded (Tt) or low-angle
laminated sandstones (Tb). Ripple-lamentations and contorted
bedding occur, but are uncommon. Sandstones beds are typically
amalgamated and fine upward, although some beds near the top
of the interval are separated by thin mudstones. The most strik-
ing feature of these sandstones is their grain-size. Mean grain
size is upper fine to lower medium sand. There is a significant
component of coarse sand and granule-size quartz grains. Sand
this coarse is unknown in the Paleogene and relatively uncom-
mon in the Neogene deep-water deposits from the Gulf of Mexi-
co (Snedden and Galloway 2019).

The mudstone interval consists of dark grey-black beds and
light grey laminations. Although it is difficult to determine con-
clusively from core photos, the darker beds are interpreted as fine
siltstone/claystone and the light grey laminations are interpreted
as very fine sandstones / coarse siltstones. The most common
sedimentary structure is parallel, planar lamination. Ripple lami-
nations occur in the lower, more sandstone/siltstone-rich part of
the core along with some contorted beds. There are some bur-
rows. This interval overall shows a fining-up and thinning-up
trend, with more numerous and thicker very fine sandstone and
coarse siltstone beds near the base of the interval. Biostrati-
graphic data suggest that the top of the mudstone interval repre-
sents a major unconformity. Although it is a sharp contact in
core (Fig. 6), it does not display features seen in other deep-water
condensed sections like reddening, increases in carbonate con-
tent, or intense bioturbation (Boulesteix et al., 2020). It is possi-
ble that these features were eroded before deposition of the over-
lying sandstone. It is likely that this fine-grained interval repre-
sents abandonments of the PW submarine fans as it doesn’t dis-
play the stacking patterns and abundant ripple-laminated sand-
stones and siltstones seen, for example, in levee deposits or fan
fringe deposits.

The upper most sandstone unit rests on a sharp contact with
the underlying mudstone interval (Fig. 6). It is similar in terms
of grain size (fine upper to medium lower) and sedimentary
structures to the underlying sandstones. We did not evaluate
their mineralogy to see if they share a common provenance.

The grain size and sedimentary structures seen in the Creta-
ceous sandstones are significantly different from the sandstones
of the overlying Wilcox Group in two ways. First, they are sig-
nificantly coarser grained than the Wilcox Group sandstones
(fine upper to medium lower sand size versus very fine lower to
fine lower sand size) and they have a component of medium up-
per to granule size grains that are not found in the deep-water
Wilcox Group sandstones (Marchand et al., 2015). Second, mud-
dy sandstones with organic matter commonly interpreted as hy-
brid flow or slurry deposits (e.g., Haughton et al., 2009) are rare.
There could be two reasons for the dearth of slurry deposits.
(1) The Cretaceous sandstones are coarser grained and lack the
silt and organic content seen in deep-water deposits of the
Wilcox Group that are characteristic of slurry deposits (e.g.,
Marchand et al., 2015). (2) The Cretaceous sandstones are gen-
erally well amalgamated with few interbedded mudstones, sug-
gesting they were deposited in the updip and axial portions of
submarine fan lobes where slurry deposits are uncommon. Slurry
deposits usually occur on the lobe fringe (e.g., Haughton et al.,
2009; Boulesteix et al., 2020).

Depositional Environments / Paleogeography

Core and petrophysical log facies, biostratigraphy, and depo-
sitional context indicate that the Cretaceous deep-water deposits
in the KC 102 #1 well record two distinct deep-water deposition-
al systems. The lower 775ft of blocky, thickly bedded sandstone
belong to an Albian submarine fan deposited as much as 350 mi
from the contemporaneous shelf edge (Fig. 7). Figure 7 shows a
circuitous path for sediment moving from Albian deltas to the
submarine fan seen in the KC 102 #1 well. This map is schemat-
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(FACING PAGE) Figure 5. (A) Stratigraphic relationships of oceanic anoxic event (OAE) organic-rich source beds over PW and
EFT submarine fans. Evidence for OAE 2 has been truncated at Tiber by the regional Cenomanian unconformity/disconformity.
Potential OAE 1 organic enrichment is noted in the pre-Albian section at Norton and Baha Il. Note vertical scale 3X expansion
for Norton. Timelines (black) derived from biostratigraphic data are labelled: Cam = Campanian, San = Santonian, Con = Coni-
acian, Cen = Cenomain, and Alb = Albian. The supersequences of Snedden and Galloway (2019) are labelled: NT = Navarro-
Taylor, AC = Austin Chalk, EFT = Eagle Ford-Tuscaloosa, and PW = Paluxy-Washita. (B) Polygons of oil families, identified by
source age, are superimposed on outlines of the EFT and PW submarine fans. Oil family polygons are after Snedden et al.

(2020, their figure 9).

ic as we do not have enough well and seismic data to map in de-
tail the connection between deltas and fans. Moreover, the ge-
ometry of the Albian margin is also not known in detail. Paleo-
geographic mapping by Snedden et al. (2016) and Snedden and
Galloway (2019) shows that a carbonate shelf rimmed much of
the northern Gulf of Mexico at this time. The only substantial
deltaic system was fed primarily by the paleo-Apalachicola River
and to a lesser extent, the paleo-Mississippi River (Snedden et
al., 2022). Detrital zircon provenance data shows that these riv-
ers largely drained the southern Appalachian Mountains
(Snedden et al., 2022). Although no submarine canyons have yet
been mapped in the Cretaceous of the northern Gulf of Mexico,
the occurrence of thick, relatively coarse grained deep-water
sandstones 100s of miles from the coeval shoreline suggests a
long-lived connection between rivers, deltas and submarine fans
(Sweet and Blum, 2016). Therefore, it is likely that fluvial/
deltaic systems prograded across an early Albian carbonate plat-
form and fed directly into submarine canyons at the shelf edge.

For reasons that are not clear at this time, sand delivered into
the deep-water terminated in the Albian and submarine fans were
abandoned for a time. When deep-water sand deposition re-
sumed in the Cenomanian the primary source of sediment had
moved westward to the paleo-Mississippi (Fig. 9) as documented
in its subsurface depocenter (Snedden et al., 2022).

Although determining deep-water sub-environments from
one well or core is fraught with uncertainty, the occurrence of
relatively coarser grains, the high degree of sandstone bed amal-
gamation, higher net to gross and current-generated sedimentary
structures, like cross-bedding and low-angle bedding, suggests
that some of these sands were deposited in channels ranging from
confined to distributive. Given the thick, blocky, and fining-up
well log motifs (Fig. 3), vertical amalgamation, and location of
these sandstones, we interpreted them to be the deposits of an
extensive, basin-floor submarine fan that penetrated in the transi-
tion between feeder channels and lobes.

Oceanic Anoxic Event Source Rocks

Hemipelagic sediments overlying the PW and EFT sub-
marine fans contain lower Cenomanian to lower Campanian or-
ganic-rich, dark gray to black fine-grained marls and shales pre-
sumably related to the mid-Cretaceous Oceanic Anoxic Events
(OAEs). The stratigraphic positions of these organic-rich beds
are shown for Norton, Baha II, and Tiber (Fig. 5). TOC reaches
5-8% in the richest beds with HI exceeding 500 mg HC/g TOC,
indicative of marine kerogen burial under oxygen deficient bot-
tom waters. Organic-rich beds with age affinities closer to those
of OAE 2, Cenomanian-Turonian, are observed in the Norton and
Baha II wells, whereas those with ages occurring during OAE 3,
Coniacian-Santonian, occur in Baha II and Tiber. Levels of TOC
generally decline in the Albian and older sections in these wells,
however values greater than 2% TOC and HI values above 300
mg HC/g TOC suggest Apian-Albian OAE 1 may have enhanced
oxygen deficiency and organic carbon burial. High sedimenta-
tions rates in the submarine fan sequences may have diluted the
organic supply or sampling bias may have limited the observa-
tion of greater organic enrichment. Although biostratigraphic
and carbon isotopic constraints are lacking, these beds appear to

conform to the multiple discrete zones of organic-rich strata in
OAEs 2 and 3 noted elsewhere in the Gulf of Mexico, Western
Interior U.S., and globally (Locklair et al., 2011; Lowery et al.,
2017).

The unconformity capping the Cenomanian, recognized
most notably in the KC 102 #1 well, may have eroded the OAE 2
organic-rich bed(s) there. The organic-rich bed lying above the
Cenomanian unconformity in KC 102 #1 is likely in the lower
Coniacian suggesting it may have been deposited during the lat-
ter stages of OAE 3. Erosion or non-deposition appears to have
removed evidence of upper Cenomanian-Santonian organic en-
richment in KC 102 #1. The duration of erosion or non-
deposition at the top Cenomanian appears to lessen from KC 102
#1 to Norton. Baha II is in a more distal position along the EFT
fan and shows possible Turonian-Coniacian erosion or non-
deposition with Santonian organic-rich beds remaining in Baha
II. The Norton well lies on the northwestern flank of the EFT or
PW fans in a shallower more proximal position during the mid-
Cretaceous (Pindell and Kennan, 2007; Snedden et al., 2016).
Therefore, it may have experienced less post-Cenomanian ero-
sion or non-deposition and less oxygen deficiency during OAE 3
as the paleogeographically deeper-water wells. The origin of the
Cenomanian unconformity/disconformity observed here is be-
yond the scope of this paper.

DISCUSSION

The observation that extensive deep-water siliciclastic depo-
sition began as early as the Albian in the northern Gulf of Mexico
has significant paleogeographic implications for the distribution
of the updip fluvial systems that must have fed these submarine
fans (Fig. 9). Detrital zircon provenance data published by Blum
and Pecha (2014) suggests that most North American drainage
systems were north flowing into the Boreal Sea with much small-
er drainage systems coming out of the southern Appalachians and
the modern day Gulf Coastal Plain feeding into the Gulf of Mexi-
co.

Detrital zircon age data and sediment volume estimates by
Snedden et al. (2022) illustrate the increase in siliciclastic sedi-
ment flux to the northern Gulf of Mexico that began in the earlier
Albian and reached a maximum in the Cenomanian to Coniacian
stages of the EFT supersequence (Fig. 9). Available detrital zir-
con data combined with well log subsurface mapping suggest a
shift in provenance from the paleo-Apalachicola to the paleo-
Mississippi depocenters (and associated paleo-rivers) during this
time (Fig. 9). Occurrence of these thick, relatively coarse-
grained, deep-water deposits suggests an elevated influx of si-
liciclastic sediment to prograde deltas across the older Albian
carbonate shelf during this Greenhouse time of relatively high
global sea level. We infer the presence of shelf-edge canyons or
directly fed slope channels that acted as conduits routing sedi-
ment, especially sand, to the fans encountered at the KC 102 #1
well. Studies of modern day continental margins indicate that
large volumes of sand can not move across wide continental
shelves (Sweet and Blum, 2016). Without detrital zircon data
from the KC 102 #1 well, it is impossible to say with certainty
whether the deep-water sandstones seen in the well came primar-
ily from a paleo-Apalachicola, or paleo-Mississippi source.
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Figure 6. Core photo showing the contact at the base of the
Cenomanian Tuscaloosa Group where it rests unconformably
on Albian mudstones.

Although the results of the KC 102 #1 well demonstrate the
presence of sand-rich submarine fans in the area, log and KC #1
core data show that these sandstones are highly quartz cemented
and have low porosity and permeability (Sweet et al., 2021). In
the KC area, the Cretaceous section lies below a very thick
Paleogene section. As a result, exploration has shifted east to the
MC area where the Paleogene is much thinner and the Cretaceous
section is less deeply buried. It remains to be seen if the two
wells drilled in this area, Galapagos Deep and Silverbank, have
encountered thick Cretaceous sandstones with sufficient rock
properties to be effective reservoirs.

The distribution of organically enriched sediments suggests
that rather than being related to a single OAE the organic-rich
beds in the Norton, Baha II, and KC 102 #1 wells were to be
distributed between OAE’s 1, 2, and 3. The hiatus associated
with post-Cenomanian erosion or non-deposition separating
OAE:s 2 and 3 occurs later in time than the post-Albian abandon-
ment of sand delivery to deep water occurring between deposi-
tion of the PW and EFT submarine fans. Although the origins of
the OAEs are global in nature, regional and local paleo-
environmental factors often modify the timing and quality of the
resulting organic-rich rocks. Nutrient supply across shelves driv-
en by eustatic rise and fluvial input has been recognized as key
for enhancing marine productivity and oxygen deficiency during
OAE 2 in the northern Gulf of Mexico (Lowery et al., 2017).
The high mid-Cretaceous sediment flux spanning much of the
Cenomanian to Coniacian stages (Snedden et al., 2022) indicates
the northern Gulf of Mexico river systems may have also contrib-
uted a high nutrient supply, strengthening OAEs 2 and 3 and
organic enrichment in the sediments. Provided adequate thermal
maturities are reached in kitchen areas, the thickness, quality, and
close stratigraphic proximity of these OAE organic-rich beds and
PW and EFT submarine fan sands reduces petroleum charge risk
for this potential play. The region of recognized mixed or exclu-
sively Cretaceous-sourced oils in the northern Gulf of Mexico
extends along the outer shelf and upper slope from Ewing Bank
to Mississippi Canyon (Ferworn et al., 2003; Weimer et al.,
2017) (Fig. 5) .

CONCLUSIONS

Newly released data from the KC 102 #1 (Tiber) well shows
the presence of thick, coarse-grained, deep-water deposits that
range in age from Albian to Cenomanian. These deposits are up
to 350 mi from the contemporaneous shelf edge. We interpret
their siliciclastic source to the paleo-Apalachicola to the paleo-
Mississippi rivers that drained the southern Appalachian Moun-
tains at this time.

The presence of thick Cretaceous submarine fan deposits
suggest a new deep-water play in the Gulf of Mexico is emerg-
ing. As organic-rich Cenomanian and Coniacian shales overlie
these thick sandstones, sealing risk is reduced. These organic-
rich sediments may also act as source rocks. In KC, these sand-
stones have low porosity and permeability due to deep burial
by a thick Paleogene section. Two recent exploration wells have
tested this play further east in the MC protraction area where
the Paleogene is considerably thinner and the Cretaceous is
not as deeply buried. Time will tell if this play will be success-
ful. Most frontier deepwater plays begin with a series of dry
holes that often yield critical information that sets up later dis-
coveries.
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APPENDIX

This Appendix includes a plate that is provided in the digital
version of this paper. Digital Plate 1 provides a biostratigraphic
interpretation for the KC 102 #1 well.

Tiber Calcareous Nannofossils

Rhagodiscus angustus
Cribrosphaerella ehrenbergii
Micula decussata

Micula concava

Eiffelithus turriseiffelii
Eiffelithus eximius
Zeugrhabdotus embergeri
Tranolithus orionatus
Corollithion kennedyi
Nannoconus regularis
Rhagodiscus achlyostaurion
Eprolithus floralis
Rhagodiscus asper
Broinsonia signata
Rhagodiscus splendens
Chiastozygus platyrhetus
Axopodorhabdus albanius (biramiculatus)
Prediscosphaera columnata
Braarudosphaera stenorhetha
Nannoconus truitii

Tiber Foraminifera

Hedbergella planispira

Clavihedbergella simplex
Praeglobotruncana delrioensis

Rotalipora gandolfi

Rotalipora appenninica

Muricohedbergella (Hedbergella) delrioensis
Rotalipora subticinensis

Ticinella roberti

Rotalipora spp.
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API: 608084001500
AREA: Keathley Canyon
BLOCK: 102

OCS (Lease): 25782
WELL NUMBER: 1
OPERATOR: BP

SAMPLES: 25110-35000 ft

PALEONTOLOGIST: Jim Bergen (original, 2009); Marcie P. Phillips (re-interpretation, 2022)

Tiber KC 102 #1 Biostratigraphic Interpretation

=4 12}
2
% g‘a‘_‘: g Rh. angustus, |Crib. ehrenbergii| M. decussata, E. turriseiffelii, E. eximius, Z. embergeri, |Tr. orionatus FO| Co. kennedyi R. asper, HO P. columnata,
% S B g (%] Total FO 123.88 Ma, | FO AIb 111.3 |89.7-66.04 Ma, | M. concava, FO| 103.14-66.04 | 92.99-75.93 150-85 Ma, Alb 110.7— 100.45-94.64 | N. regularis FO |R. achlyostauriory  E. floralis Ceno-Tur B. signata, LAD | Rh. splendens, | Ch. platyrhetus, |Ax. biramiculatus| LAD Apt-Alb, | B. stenorhetha, | N. truitii, Apt- | H. planispira, C. simplex, H. delrioensis, R. gandolfii, | R. appenninica, | P. delrioensis, |R. subticinensis, T. roberti, Rotalipora spp.
Scale Szlgz : . GR A40B Abundance TB Ma, TB B mid-Con TB Ma, TB Ma, TB B 71.07 Ma, TB Ma, TB Apt, TB Apt-Con, TB | Apt-Camp, TB | bound., TB 99.9 Ma, TB B LO Apt CC7, TB | M. Alb-L. Ceno B M. Alb—top Alb | Camp, TB LAD Con, TB | LAD Con, TB | LAD Cen, TB | LADCen, TB | LAD A, TB LAD Alb LAD Ab, TB | LAD Alb, TB Ceno, TB
it = Geological Interpretation
(ft) w | o o e b 5 s s s b 5 s s b 5 s s s b 5 s s s s b 5 s s s b 5 s s b s b 5 s s b s b 5
F 32300 -
L
q - BORBG boondary I iSwer Massmiantan NAPMANAANAANAANASAAANAAARAAAAANAAANAAAAAANAAAANAAAAAANAAAAANAAAANAAAAANAANAAAARAAANAANNAAAANAAAAAANAAANNAAASAANAAANANAAAAANAAAAAANRAAAAANARAAAAAAPAANAAANAAAAAAANAAA N AIMAAAAAANAAAAAANANAAAANAAAAANARAAANAAANNNAANAAAAAAAAAA NAAANA MAAANANAAAAAN
—
(2]
© (Bergen, 2009) 52370 o
© 2 9
F 32400 S 52400
b—— .
32415 Top Campanian (Bergen, 2009) 32430 \
32460 = \ : ||
32500 32490
32520 = -
P 32550 — E :
U 32580 =4 B
L 32600 @ -
e 32610 = j>
.g 32640 = ({ :
~
E 32670 =4 (f
F 327004 @ ] &
Pl 3
— 32730 = S
O o %(
~ 32760 =1 <
- — {
L 32800 ] © ﬁ w0 L o
C 1 32820 = {’
3 e 32850 — (:‘#: _
| = 2
32880 = )
c| © 2 =]
F 32900 H m (% 32910 -4 2
E zZ w2000 - 2 |-
m 32970 \?.
L 33000 ] & o [
E 35030 J | L
m 33060 = (\L) =
33100 LI) 7 3 =
P 7] 3
(- a0 9\
.g 33150 =4 \7
O 33180 — - -
E 33200 Q oo
S S0 j— : :
O 33270 = :
- 33300 4 33300 — - e
33330 = -
[F33350 In upper Coniacian (GBDS, 2022; I
Bergen, 2009)
A% NAINAANAAS AYNAAANAANAAAANANAANAAAAAMAAAAA AANAPNANNAAAA AAAN/ AN/ ANAANAAAANANN A/ AR AR VAAANAAAAANNRAA AN AANAAAAAASAANAAA N IMAAAAANANAAAAANANAAAARNAANAAANAAA NAANAANAAAAAAAAANAAANA MAAAANANAANAAANN
33390 Top Cenomanian. Turonian stage and . |
OAE 2 interpreted to be truncated out (GBDS).
33450 = 9
33400 Top Eagle Ford/Tuscaloosa (GBDS) : [
33480 — B
|—
- 33500 E s , [—
L ssst0 1 = [ : =] = = =
39570 | = |— =
~ 33600 33600 — r
33630 =
| 33650 Top lower Tuscaloosa Sand (GBDS) [ [
33660 =1 E
33690 r r
- 33700
()
N %9750 | = = = = = =
3 33780 =4
- 33800 — .
°q = =
33850 Albian/Cenomanian boundary; truncated.
BAANAAAAAAAAAAANNAAAAAANAANAANSIANAARISAAAY, AN V AANNAAANAAASNAAMNAAANNIIRNNNANANAAANANAANAAANNAAANNAANANAANAAANISISNAAAAIIN AASMNAANAAAAANAAAAAANRNANAAAANAAAAA/ AANPAANAAAAAAAAAINAAAAAANAAANNANAAAAAANRANAAAANNRAANAAANPAA A NAANTINAANA Netmtatate A A AAAA i AN A A AN
L | 33880 Top Washita/Fredericksburg? 1 | 6 ]
- 33900 53908
— = = = =
Dantzler
33968 =4 -
- 34000 33998~
fatiagm ] o = = =
34056 =4
34080 =
E 34100 34110
34140 =
34170 —4 -
- 34200 34200 o
34230 —4
] =
S —
c 34290 —4
F 34300 7]
© 34320 - |- |
; | |
R 34300  — =
F 34400 (T
o) 34414 — -
5 24440 - =
B >
% i ? r : r
F 34500 2 34500 — R
-9 34530 = /
fam
q) 34560 = )
U 34590 = d
F 34600 [0
E 34620 —
34650 =
34680 =
[ 34700 24700 ’ -
34730 —4
34760 . [
34790 =
E 34800
34850 =1
34880 = S
F 34900 34900 Section includes species of mixed ages | . | ’
through Aptian and Albian, but age at bottom '
of hole is not interpreted to be older than Albian | **° |
based on the interpreted absence of Glen Rose.| 0
35000 =




	ABSTRACT
	INTRODUCTION
	DATA AND METHODS
	Biostratigraphy
	Core Data
	Petrophysical Logs and Seismic Data
	Geochemical Data

	RESULTS
	Geologic Age and Major Geological Events
	Regional Stratigraphic Framework
	Core Facies
	Depositional Environments / Paleogeography
	Oceanic Anoxic Event Source Rocks

	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES CITED
	APPENDIX
	Tiber Calcareous Nannofossils
	Tiber Foraminifera

	LIST OF FIGURES
	Figure 1. Stratigraphy of the onshore and offshore Cretaceous in the Gulf of Mexico based on Swanson et al. (2013). In the right column are the supersequences of Snedden and Galloway (2019). NT = Navarro-Taylor, AC = Austin Chalk, EFT = Eagle Ford–Tuscaloosa, and PW = Paluxy-Washita.
	Figure 2. Map of the Gulf of Mexico showing the location of the wells referenced in this paper. Red line shows the Albian shelf edge from Snedden and Galloway (2019). Wells MC 35 and MC 518 are reported to be recently drilled exploration wells testing the Cretaceous deep-water play in the eastern Gulf of Mexico.
	Figure 3. Wells logs showing the Cretaceous section in the KC 102 #1 well (left) and sedimentologic graphic log of the KC 102 #1 core (right).
	Figure 4. Shelf to basin cross-section showing the stratigraphy and interpreted paleoenvironments of the Albian through Cenomanian-Turonian section in the northern Gulf of Mexico. The location of this cross-section is shown in Figure 2. Log motifs as shown in the legend are further explained in the text. Vertical scale on left. Equal spacing for wells used and location of wells shown in Figure 2.
	(FACING PAGE) Figure 5. (A) Stratigraphic relationships of oceanic anoxic event (OAE) organic-rich source beds over PW and EFT submarine fans. Evidence for OAE 2 has been truncated at Tiber by the regional Cenomanian unconformity/disconformity. Potential OAE 1 organic enrichment is noted in the pre-Albian section at Norton and Baha II. Note vertical scale 3X expansion for Norton. ...
	Figure 6. Core photo showing the contact at the base of the Cenomanian Tuscaloosa Group where it rests unconformably on Albian mudstones.
	Figure 7. Paleogeography at the time of the PW supersequence (Albian). Sandstones thickness contours in yellow. Section of the well logs from the KC 102 #1 well shows the thick deep-water sandstones deposited in this interval on submarine fans.
	Figure 8. Paleogeography at the time of the EFT supersequence (Cenomanian-Turonian). Sandstones thickness contours in yellow. Section of the well logs from the Highlander well shows the thick sandstones interpreted as slope-channel-filled deposits that were part of the system routing sand to submarine fans in Keathley Canyon.
	Figure 9. (A) Mesozoic drainage systems and depocenters of the northern Gulf of Mexico (from Snedden et al. [2022, their figure 2]). (B) Cretaceous sediment volumes for the northern Gulf of Mexico (from . Drainage systems (e.g., paleo-Apalachicola) derived from detrital zircon data (modified after Snedden et al. [2022, their figure 8]).

	LIST OF DIGITAL PLATES
	Digital Plate 1. Tiber KC 102 #1 Biostratigraphic Interpretation




