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Introduction
Calcareous nannofossil biostratigraphy is an underutilized 

resource with respect to sedimentation rate analysis in the 
literature of the Gulf of Mexico (GoM). Most borehole data 
are proprietary; therefore, the opportunity to analyze samples 
from 2 deep oil wells provides an important addition to the 
biostratigraphic database which has hither to been supplied 
by a nonspecific compendium of released proprietary data and 
Deep Sea Drilling Project (DSDP) sites located in the GoM.

During the Miocene, the primary locations of sediment dis-
charge into the GoM were concentrated into a few deep struc-
tural embayments, which mostly overlapped with the place-
ment of extant river systems (Blum et al. 2017, Xu et al. 2017). 
These expansive, low—gradient river systems created extensive, 
gently—sloping fans that reached hundreds of kilometers off-
shore (Blum et al. 2017).

During the early Miocene, the Edwards Plateau and Llano 
Uplift rose in Texas, supplying a higher volume of reworked 
sediments to the Rio Grande Embayment, which fed the Ala-
minos Canyon (AC) area (Galloway et al. 2000, Xu et al. 2017). 
It was during this period that the northwestern/central coast 
of the GoM had its most geographically extensive depositional 
centers. However, the extreme northeastern coast (directly 
upslope of the Mississippi Canyon (MC)) received low sedi-
ment volumes during this time (Galloway et al. 2000). Accord-
ing to the depositional mapping of Galloway et al. (2000), in 
the late early Miocene (ranging from slightly earlier than the 
Last Appearance Datum (LAD) of Triquetrorhabdulus carinatus 
to about the LAD of Helicosphaera ampliaperta), the northeast 
coast began receiving a slightly higher rate of sediment (Gal-
loway et al. 2000).

Middle Miocene deposition is represented in the AC and 
MC study areas by the section ranging from the extinction of 

H. ampliaperta to the extinction of Discoaster kugleri. Together, 
the Central Mississippi River axis and East Mississippi River 
axis formed a large delta complex that extended the continen-
tal shelf up to 40 km (25 mi) during this time (Galloway et al. 
2000). Erosion of the newly—rejuvenated Appalachian Moun-
tains yielded a large supply of sediment to the eastern GoM 
(Xu et al. 2017). During the late middle to early late Miocene 
(c. LAD D. kugleri to c. LAD Discoaster berggrenii), the GoM 
experienced a significant regression in sea level which was ter-
minated by a transgression in the latest Miocene. During the 
latest Miocene (post—LAD D. berggrenii), over 50% of the GoM 
was sediment starved. 

The objective of this study is to biostratigraphically com-
pare the Miocene section of 2 offshore boreholes in the GoM 
to evaluate differences in sedimentation rate between a con-
densed section offshore of southern Texas and a section south 
of Mississippi that, during the Miocene, was the site of dynam-
ically—shifting depositional environments, which recorded 
contributions from the paleo—Mississippi River and MCAV-
LU clastic fans (Galloway et al. 2000). A comprehensive dis-
cussion of regional— to continental—scale GoM drainage and 
deposition is beyond the scope of this study. For a thorough 
analysis of these topics, the reader is referred to the publica-
tions of the GoM Basin Depositional Synthesis Project, led by 
the University of Texas Institute for Geophysics, particularly 
Galloway et al. (2000), Xu et al. (2017), and Fulthorpe et al. 
(2014).

Materials and Methods
Study area
The Bureau of Ocean Energy Management (BOEM) divides 

the U.S. Federal Waters (“Outer Continental Shelf”) of the 
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Abstract: The Miocene sediments of 2 deep—water boreholes from the northern Gulf of Mexico, from Alaminos Canyon (AC) Block 627 and 
Mississippi Canyon (MC) Block 555, have been biostratigraphically analyzed using calcareous nannofossils, revealing changes in sedimentation 
rates and depositional environments between these 2 areas. High nannofossil abundance values and low sedimentation rates generally recorded in 
the Alaminos Canyon region suggest a condensed section during much of the Miocene, associated with a basinal environment. Mississippi Canyon 
exhibits lower nannofossil abundance and higher sedimentation rates compared to Alaminos Canyon during the majority of the Miocene. Increased 
sediment volumes are largely attributed to input from the Mississippi River. Sedimentation rate was calculated for both sites. In the AC Block 627 
borehole, sedimentation rate ranged from 13 to 107 m/million years (my), and in the MC Block 555 borehole, it varied from 11 to 914 m/my. One 
major anomaly was a low observed sedimentation rate in the lowest portion of the section at MC Block 555, in the interval defined between the 
extinctions of Triquetrorhabdulus carinatus and Dictyococcites bisectus. This may reflect a hiatus or possible fault which has shortened the section.
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GoM into regions, typically named for a prominent geologic 
feature within their borders, which facilitates leasing for oil and 
gas exploration. These regions are subdivided into numbered 
blocks. The first borehole in this project is from Alaminos Can-
yon Block 627 (AC 627; 26.3° N, 95.4° W; BOEM 2014), located 
off the eastern coast of southern Texas (Figure 1). AC 627 is 
situated west of Alaminos Canyon, the most prominent feature 
in the region, and the one for which it was named. Alaminos 
Canyon is a north—south trending submarine canyon (Bouma 
et al. 1968) cut into the western end of the Sigsbee Escarpment, 
a defining bathymetric feature of the GoM. The Sigsbee Es-
carpment is a salt front formed from the downdip migration 
of the Jurassic Louann Salt Formation. Alaminos Canyon may 
have formed from converging salt fronts originating from 2 dif-
ferent basins, or by turbidity currents with subsequent altera-
tion by salt diapirism (Uchupi 1975).

The AC 627 borehole was drilled in about 2 km of temper-
ate water (Poag 2015), which is above the calcite lysocline (Haq 
1998). Accordingly, nannofossils at this site have experienced 
little dissolution and are well—preserved. The water mass above 
AC 627 is not significantly affected by any modern currents or 
upwellings (Poag 2015). Presently, AC 627 lies beneath relative-
ly still, isolated, deep water. The AC 627 borehole represents a 
condensed section during much of the Miocene and shows evi-
dence of high carbonate deposition and relatively little influx 
from clastic sediments. During the middle Miocene, AC 627 
was located in the Corsair Apron, which was fed by the Corsair 
River axis and the Norias River axis. This fan system extended 
the continental margin by over 50 km (30 mi) (Galloway et al. 
2000). The deltas supplying AC 627 had greatly shifted land-
ward during the late middle to early late Miocene, leaving AC 

627 in the northernmost distal toe of the Western Gulf Apron 
(Galloway et al. 2000). The clastic fans had fully shifted away 
from AC 627 during the latest Miocene, leaving it in a basin 
depositional environment.

The second offshore borehole examined in this study is 
from Mississippi Canyon Block 555 (MC 555; 28.4° N, 88.6° 
W; BOEM 2000). Mississippi Canyon is one of the most pro-
nounced features of the northern GoM (Goodwin and Prior 
1989, Hart et al. 2008). It is the present conduit delivering sedi-
ment from the Mississippi River drainage basin to the deeper 
GoM (Hart et al. 2008) and is a site of historically high levels of 
clastic riverine sedimentation. Carbonates compose less than 
1% of total sediment in the canyon (Ross et al. 2009). Dur-
ing the middle Miocene, the MC 555 borehole location was 
situated in a basin. The Mississippi delta complex narrowly by-
passed MC 555 to its west, and the large MCAVLU sediment 
fan bypassed it to the east, each by a narrow margin. During 
the late middle to early late Miocene, MC 555 was situated on 
the easternmost side of a sandy shelf derived from the Missis-
sippi delta system. MC 555 was located solidly within the sandy 
shelf fed by the Mississippi delta system during the latest Mio-
cene (Galloway et al. 2000).

Abundance and preservation
Biostratigraphic analysis included abundance estimates for 

over 50 individual nannofossil taxa, as well as overall abun-
dance of the assemblage. Reworked species were also tracked 
as a group. Here, we consider reworked specimens to be from 
any species that went extinct prior to the Miocene. This group 
was predominantly composed of Cretaceous taxa in our slides. 
Hay’s (1970) system was employed to record the abundance of 
each individual taxon found while zoning, and is organized 

FIGURE 1. Locator map of Alaminos Canyon (AC) Block 627 and Mississippi Canyon (MC) Block 555 in the northern 
Gulf of Mexico. Base map by marinecadastre.gov.
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as shown in Table 1. To measure the abundance of the entire 
assemblage, Bergen’s (1984) system was utilized, as shown in 
Table 2.

Biostratigraphy
Offshore boreholes AC 627 and MC 555 were investigated 

via prepared slides provided by Paleo Data, Inc., an industrial 
biostratigraphic firm operating widely in the GoM, which is 
now owned by PetroStrat Ltd. Access to this resource afforded 
an unusual opportunity to examine the Miocene biostratigra-
phy of deep—water sediments in the GoM. These particular 
sites were requested due to the expectation of a complete Mio-
cene section.

Slides were examined using a 1500 power Olympus BH2 
binocular light microscope with a PO 100 oil immersion lens 
and wide field 15x eyepieces. Smear slides were made using a 
technique by which nannofossils were concentrated by timed 
settling intervals. Drops of suspended sediment were mounted 
on a coverslip and dried. The coverslip was then mounted on a 
glass slide with Norland 61 optical adhesive.

Because cuttings are employed instead of cores, only extinc-
tions and acmes are viable biostratigraphically. This is because 
contamination is inevitable due to the small size of nannofos-
sils, rendering origination depths unreliable. Downhole caving 

occurs, and drilling mud contaminates new samples, making 
nannofossils appear lower in the section than their true incep-
tions.

The zonation scheme used in this project is the most recent 
biostratigraphic scheme published by Paleo Data, Inc. at the 
time of this writing: Biostratigraphic Chart — Gulf Basin, USA 
Quaternary and Neogene Ver. 1701 (Paleo Data, Inc. 2017). 
Eighteen Miocene index species are used in this study, and mi-
crographs of each species are shown in Figure 2:

Discoaster quinqueramus Gartner 1969
Discoaster berggrenii Bukry 1971
Discoaster calcaris Gartner 1967
Discoaster loeblichii Bukry 1971
Catinaster mexicanus Bukry 1971
Discoaster prepentaradiatus Bukry and Percival 1971
Discoaster bollii Martini and Bramlette 1963
Discoaster hamatus Martini and Bramlette 1963
Catinaster calyculus Martini and Bramlette 1963
Catinaster coalitus Martini and Bramlette 1963
Coccolithus miopelagicus Bukry 1971
Discoaster kugleri Martini and Bramlette 1963
Sphenolithus heteromorphus Deflandre 1953
Helicosphaera ampliaperta Bramlette and Wilcoxon 1967
Sphenolithus belemnos Bramlette and Wilcoxon 1967
Discoaster calculosus Bukry 1971
Triquetrorhabdulus carinatus Martini 1965
Dictyococcites bisectus (Hay, Mohler and Wade 1966) 
Bukry and Percival 1971.

81

TABLE 1. Hay’s (1970) nomenclature for abundance of individual 
taxa. FOV = field of view.

TABLE 2. Bergen’s (1984) nomenclature for abundance of overall 
assemblage. FOV = field of view.

Abbreviation	 Meaning	 Number of specimens in FOV	 	
		

	 V	 Very abundant	 > 10 
	 A	 Abundant	 1-10 
	 C	 Common	 1 per 2-10 FOV	
	 F	 Few	 1 per 11-100 FOV

	 R	 Rare	 1-2 per slide

Abbreviation	 Meaning	 % of the FOV covered
			   by nannofossils	

		
	 A	 Abundant	 Over 50%
	 C	 Common	 10-50%
	 F	 Few	 1-10%
	 R	 Rare	 <1%
	 B	 Barren	 Void of nannofossils

FIGURE 2. Micrographs of the 18 indicator species used in this study. A. 
Discoaster quinqueramus B. Discoaster berggrenii C. Discoaster calcaris D. 
Discoaster loeblichii E. Catinaster mexicanus F. Discoaster prepentaradiatus 
G. Discoaster bollii H. Discoaster hamatus I. Catinaster calyculus J. Catinas-
ter coalitus K. Coccolithus miopelagicus L. Discoaster kugleri M. Sphenolithus 
heteromorphus N. Helicosphaera ampliaperta O. Sphenolithus belemnos P. 
Discoaster calculosus Q. Triquetrorhabdulus carinatus R. Dictyococcites bi-
sectus (Reticulofenestra bisecta). Images compiled from mikrotax.org. Image 
sources: (A, B, E, F) Theodoridis 1984; (C) Browning et al. 2017; (D, G, 
K) Salomon 1999; (H, I, J) Martini and Bramlette 1963; (L, M, N, O, Q) 
Young 1998; (P) Bukry 1971; (R) Bown 2005.
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In AC 627, the Miocene section started at 2,573 m (8,440 
ft) below the GoM seafloor and terminated at 3,158 m (10,360 
ft), encompassing a total of 585 m (1,920 ft) of sediment. At 
MC 555, the section spanned depths of 3,325 m (10,850 ft) 
subseafloor to 7,001 m (22,970 ft), covering 3,694 m (12,120 ft) 
in total. In each borehole, slides were prepared at depth incre-
ments of 9.1 m (30 ft). An exception is in the earliest part of 
MC 555, in which the slides were processed at 3.1 m and 6.1 m 
(10 ft and 20 ft) intervals. This only applies to a few slides and 
is marked accordingly in Table 4. The entire Miocene section 
of each borehole was analyzed; however, due to the extreme 
sedimentation rates encountered at MC 555, the slides were 
examined at different intervals in each section.

The AC 627 slides were analyzed at an interval of 27.4 m. An 
apparent extinction for an index species occurs the first time 
that the species is encountered downhole. When the apparent 
extinction of an index species was found using 27.4 m intervals, 
it was further refined by individual slides, which made the ex-
tinction horizon accurate to within 9.1 m. Starting at the appar-

ent extinction, slides were analyzed receding upwards by 9.1 m 
intervals until the index species could no longer be observed. 
This is considered to represent the LAD. Some slides did not 
lend themselves to abundance estimations due to severe clump-
ing issues that occurred when the slides were created. In the 
cases where a slide needed to be analyzed for an index species’ 
LAD, the species was marked P for Present when it was located. 
Where the species could not be found, it was marked NP for 
Not Present.

The MC 555 site contained a significantly thicker Miocene 
section than that observed at AC. As such, its abundance val-
ues were analyzed every 146 m (480 ft), from youngest (top) 
to oldest (bottom) material. When an apparent extinction was 
found within a 146 m interval method, it was further refined 
into smaller intervals, making the LAD depth more accurate. 
Abundance was not kept for these refining slides. Rather, index 
species on these slides were marked P and NP, as defined above. 
The vertically highest slide in which the species is marked Pres-
ent is considered to be the LAD.

Sedimentation rates were calculated using the 
geochronology of Anthonissen and Ogg (2012) or, 
where markers were not recognized by Anthonis-
sen and Ogg (2012), by the dates of Paleo Data, 
Inc. (2017). The absolute ages listed are those of 
Anthonissen and Ogg (2012) supplemented by C. 
mexicanus and D. prepentaradiatus, datums routinely 
used in the GoM by Paleo Data, Inc. (2017). The 
dates between index species’ extinctions were com-
pared to their depths to generate sedimentation 
rates throughout time for each borehole.

Results
A total of 585.2 m (1,920 ft) of sediment was 

examined for nannofossils at AC 627. Biostrati-
graphic and abundance data for all 54 taxa exam-
ined for this site are recorded in Table 3. This site 
is highly concentrated with nannofossils; in fact, 
all slides except 2 were marked as Abundant. In all 
except the latest Miocene (c. the LAD of Catinaster 
calyculus), reworked Cretaceous nannoflora were 
fairly prevalent (one fossil per 2 or more fields of 
view). Post—C. calyculus, reworked species were still 
present, although in fewer numbers (Few to Rare). A 
range chart was created for the index species at this 
well (Figure 3A). The inceptions (First Appearance 
Datums, or FADs) are only approximate since cut-
tings were the source of the samples.

A total of 3,694 m (12,120 ft) of sediment was 
analyzed for MC 555. Table 4 displays the biostrati-
graphic and abundance data for all 54 taxa exam-
ined for the MC borehole. There was a marked dif-
ference in the abundance of fossils present in MC 
555 compared to AC 627. The amount of reworking 
of former species was highly variable, although it 
follows a loose trend of decreasing upward. Figure 
3B shows the range chart of the index taxa at this 
location. Again, the FADs here are only approxi-

82

FIGURE 3. Depth range chart for index species. First Appearance Datums (FADs) are 
only approximate due to the use of cuttings. A. Alaminos Canyon Block 627 borehole. B. 
Mississippi Canyon Block 555 borehole.
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mate. A comparison linking the extinctions of index species 
between AC 627 and MC 555 is shown in Figure 4. Discoaster 
calcaris and C. calyculus could not be found in MC 555, so they 
had to be dropped from the final analysis.

Table 5 gives the LAD ages and depths of selected index spe-
cies throughout the Miocene. The index taxa in Table 5 have 
proven to be the most reliable from which to calculate com-
parative sedimentation rates between the 2 sites in our study. 
Other index species tabulated in the abundance analysis were 
found to be less reliable in AC 627 and MC 555 due to occur-
rence out of temporal sequence with respect to depth, or due 
to co—occurrence at the same depth interval, perhaps as an 
artifact of sampling frequency, especially when the time sepa-
ration between the species is small. These have been omitted 
from Table 5. Sedimentation rates calculated from the ages and 
depths of Table 5 are summarized graphically in Figure 5. It is 
apparent from Figure 5 that MC 555 preserves a much higher 
sedimentation rate than AC 627 during all but the earliest in-
terval of the Miocene (between the LAD of D. bisectus at 23.13 
Ma and the LAD of T. carinatus at 18.28 Ma).

	 LAD Depth (m)
Index taxon	 LAD Age (Ma)	 AC 627	 MC 555	

		
Discoaster quinqueramus 	 5.59	 2,573	 3,325
Catinaster mexicanus	 8.05	 2,673	 4,359
D. prepentaradiatus	 8.70	 2,701	 4,660
D. bollii	 9.21	 2,755	 4,807
D. hamatus	 9.53	 2,765	 5,099
D. kugleri 	 11.58	 2,792	 5,538
Helicosphaera ampliaperta 	 14.91	 2,838	 6,477
Triquetrorhabdulus carinatus 	 18.28	 3,002	 6,943
Dictyococcites bisectus 	 23.13	 3,149	 6,998

TABLE 5. Ages and depths of Last Appearance Datums (LAD) of 
apropos index taxa in AC 627 and MC 555. Sedimentation rates 
calculated from these data are shown graphically in Figure 5. Ages 
are from Anthonissen and Ogg (2012) and Paleo Data, Inc. (2017). 
Ma = millions of years ago.

FIGURE 4. Graphical comparison of Last Appearance Datums (LAD) 
depths for index taxa at AC 627 and MC 555. Solid lines connect the 
same bioevent in each well, and dashed lines clarify which solid line is be-
ing referred to where LADs co-occur in MC 555 but not AC 627.

FIGURE 5. Sedimentation rates through time at AC 627 and MC 555, 
calculated using the index species extinctions of Table 5. The rates are the 
numbers below each line segment, in m/million years. Ma = millions of years 
ago; mbsf = meters below seafloor.
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Discussion
The section at AC 627 is, for the most part, a condensed 

section. There is a distinctively high abundance of reworked 
species in this borehole. This could be attributed to the uplift 
of the Edwards Plateau in Texas (Galloway et al. 2000). This 
might also explain why a similar spike in reworked species is 
not observed in the MC borehole: MC 555 was fed by differ-
ent watersheds than the ones delivering Edwards Plateau sedi-
ments to the GoM. In the lowest part of MC 555 (between T. 
carinatus LAD and D. bisectus LAD), sedimentation rate is 11 
m/my, which is an order of magnitude less than the next high-
est sedimentation rate in its Miocene history (i.e., the interval 
immediately following). This much—shortened interval repre-
sents the most significant anomaly present in either section. 
This may represent a hiatus from non—deposition due to MC 
555’s basinal location (Galloway et al. 2000). Alternatively, this 
may support evidence for a fault in the area. Faults may be as-
sociated with the hypersubsidence of the early Miocene GoM 
basin. The biostratigraphic analysis of more wells in the area 
would better resolve the cause of this shortening. In the second 
half of the early Miocene, the slightly increased sedimentation 
volume to the MC 555 area (Galloway et al. 2000) is observable 
in the biostratigraphic data. It becomes noticeable post—Sphe-
nolithus belemnos and D. calculosus extinctions, and apparently 
continues through the end of H. ampliaperta’s range.

In the middle Miocene, the AC 627 borehole does not ap-
pear to reflect the overall regional trend of high sediment ac-
cumulation due to the Corsair fan, as it is a condensed sec-
tion for this time. Without further inquiry it cannot be known 
why clastic sediment accumulated so slowly during the middle 
Miocene in this section. It could perhaps be due to a localized 
influence such as sediment bypass. The MC 555 borehole also 
does not reflect its overall regional depositional trend, a basin. 
Rather, the biostratigraphic data provides evidence of substan-
tial clastic sediment input during the middle Miocene. This is 
not entirely surprising, considering it is surrounded on every 
side by massive regions of clastic sediment accumulation. This 
high sedimentation rate may be due to a localized factor. An ex-
ample may be that MC 555 was a bathymetric lowstand. What-
ever the case may have been, MC 555 has an excessively large 
middle Miocene interval relative to AC 627.

In the late middle to early late Miocene, as in the middle 
Miocene, AC 627 was again in a regional trend of clastic deposi-
tion but is still preserved as a condensed section. MC 555 was 
fully located within the Gulf Central Apron at this point, sup-
plied by ample clastics from the prolific Mississippi axes (Gal-
loway et al. 2000). Accordingly, it forms a long section for this 

depositional episode.
In the latest Miocene, AC 627 had fully emerged from the 

clastic depositional areas and into a basin, which appears to 
agree with its condensed nature. MC 555 was fed high volumes 
of sediment by the Mississippi River (Galloway et al. 2000), 
which is also in agreement with its long sediment section dur-
ing this time.

Overall, MC 555 has a much longer Miocene section, due to 
its placement downslope of the Mississippi River delta system 
(Galloway et al. 2000). During the last half of the Miocene, the 
sedimentation rates at MC 555 were notably greater than at AC 
627. In the first half, however, in the interval defined between 
S. belemnos LAD and D. bisectus LAD, the rates were similar 
between the wells. Overall, the Mississippi Canyon Miocene 
section is approximately 6 times the thickness of the Alaminos 
Canyon section.

Some complications arose due to the observation interval in 
MC 555. Ultimately, it was determined that examining slides 
every 146 m was too coarse an interval to use. Several index 
species’ ranges were so brief that they were entirely missed via 
this method and could only be found via extensive refinement. 
Using a smaller interval for similar wells would yield greater 
results in pinpointing index ranges more readily. It is also prob-
able that since so many index species were overlooked initially 
through the use of 146 m increments, many nuances in assem-
blage abundance were not detected. While index species in AC 
627 remained consistently Abundant, those in MC 555 ranged 
from Rare to Abundant. This wide variation might be attributed 
to the sediment load from the Mississippi River, especially dur-
ing periods when MC 555 was contained within the Mississippi 
delta’s clastic aprons (the latter half of the Miocene). Despite 
the inability of our initial choice of interval to better refine 
several extinction horizons, it is accurate enough to be useful in 
observing overall sedimentation rate trends. No problems were 
identified with the 27 m increment associated with AC 627. 
Due to the shortness of the section, index biohorizons were 
identified within an accuracy of 9.1 m after refinement.

Analysis of AC 627 and MC 555 demonstrates the powerful 
functionality and continued relevance of nannofossil biostratig-
raphy in the geologic inquiry of the GoM. In the case of the AC 
627 and MC 555 wells, nannofossils allow the determination of 
a precise age control of sediments buried thousands of meters 
below the modern seafloor. From this, nannofossils permit the 
calculation of sediment rates, even for rock units with homog-
enous lithology. This enables great insight into the processes of 
ancient earth environments, both marine and terrestrial.
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