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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.

Acknowledgments
The authors thank Paleo Data, Inc. for their provision of the nannofossil slides. We also thank the University of 

South Alabama’s Honors College (formerly Honors Program) and USA Foundation for funding this project. This paper 
is dedicated to the memory of Dr. Michael V. Doran.



Miocene Nannofossil Biostratigraphy

87

Anthonissen, D.E. and J.G. Ogg. 2012. Appendix 3: Cenozoic 
and Cretaceous biochronology of planktonic foraminifera 
and calcareous nannofossils. In: F.M. Gradstein, J.G. Ogg, 
M.D. Schmitz, and G.M. Ogg, eds. The Geologic Time Scale. 
Elsevier, Kidlington, Oxford, UK, p. 1083—1127. https://doi.
org/10.1016/C2011—1—08249—8

Bergen, J. 1984. Calcareous nannoplankton from Deep Sea Drill-
ing Project Leg 78A: Evidence for imbricate underthrusting 
at the Lesser Antillian active margin. In: S. Orlofsky, ed. Ini-
tial Reports of the Deep Sea Drilling Project, Volume 78A. 
U.S. Government. Printing Office, Washington, D.C., USA, 
p. 411—434. https://doi.org/10.2973/dsdp.proc.78a.120.1984

Blum, M.D., K.T. Milliken, M.A. Pecha, J.W. Snedden, B.C. 
Frederick, and W.E. Galloway. 2017. Detrital—zircon records 
of Cenomanian, Paleocene, and Oligocene Gulf of Mexico 
drainage integration and sediment routing: Implications for 
scales of basin—floor fans. Geosphere 13:2169–2205. https://
doi.org/10.1130/GES01410.1

BOEM (Bureau of Ocean Energy Management). 2000. Outer 
Continental Shelf Official Protraction Diagram for Missis-
sippi Canyon NH 16—10. United States Department of the 
Interior, Washington, D.C., USA. https://www.boem.gov/
sites/default/files/oil—and—gas—energy—program/Map-
ping—and—Data/Gulf—PDFs/nh16—10.pdf

BOEM (Bureau of Ocean Energy Management). 2014. Outer 
Continental Shelf Official Protraction Diagram for Alaminos 
Canyon NG 15—04. United States Department of the Inte-
rior, Washington, D.C., USA. https://www.boem.gov/sites/
default/files/oil—and—gas—energy—program/Mapping—
and—Data/Gulf—PDFs/NG—15—04.pdf

Bouma, A.H., W.R. Bryant, and J.W. Antoine. 1968. Origin 
and configuration of Alaminos Canyon, northwestern Gulf 
of Mexico. Gulf Coast Association of Geological Societies 
Transactions 18:290—296. https://archives.datapages.com/
data/gcags/data/018/018001/0290.htm

Bown, P.R. 2005. Palaeogene calcareous nannofossils from the 
Kilwa and Lindi areas of coastal Tanzania (Tanzania Drill-
ing Project 2003—4). Journal of Nannoplankton Research 
27:21—95. https://doi.org/10.58998/jnr2031

Browning, E., J.A. Bergen, S.A. Blair, T.M. Boesiger, and E. de 
Kaenel. 2017. Late Miocene to Late Pliocene taxonomy and 
stratigraphy of the genus Discoaster in the circum North Atlan-
tic Basin: Gulf of Mexico and ODP Leg 154. Journal of Nan-
noplankton Research 37:189—214. https://doi.org/10.58998/
jnr2037

Bukry, D. 1971. Discoaster evolutionary trends. Micropaleontol-
ogy 17:43—52. https://doi.org/10.2307/1485036

Fulthorpe, C.S., W.E. Galloway, J.W. Snedden, P.E. Ganey—Cur-
ry, and T.L. Whiteaker. 2014. New insights into Cenozoic 
depositional systems of the Gulf of Mexico Basin. Gulf Coast 
Association of Geological Societies Transactions 64:119—129.

Galloway, W.E., P.E. Ganey—Curry, X. Li, and R.T. Buffler. 2000. 
Cenozoic depositional history of the Gulf of Mexico basin. 
American Association of Petroleum Geologists Bulletin 

84:1743—1774. https://doi.org/10.1306/8626C37F—173B—
11D7—8645000102C1865D

Goodwin, R.H. and D.B. Prior. 1989. Geometry and deposi-
tional sequences of the Mississippi Canyon, Gulf of Mexico. 
Journal of Sedimentary Research 59:318—329. https://doi.
org/10.1306/212F8F85—2B24—11D7—8648000102C1865D

Haq, B.U. 1998. Calcareous nannoplankton. In: B.U Haq and 
A. Boersma, eds. Introduction to Marine Micropaleontology, 
2nd ed. Elsevier Science (Singapore) Pte Ltd., Singapore, Sin-
gapore, p. 79—107. https://doi.org/10.1016/B978—0—444—
82672—5.X5000—4

Hart, P.E., D.R. Hutchinson, J. Gardner, R.S. Carney, and D. For-
nari. 2008. A photographic and acoustic transect across two 
deep—water seafloor mounds, Mississippi Canyon, northern 
Gulf of Mexico. Marine and Petroleum Geology 25:969–976. 
https://doi.org/10.1016/j.marpetgeo.2008.01.020

Hay, W.W. 1970. Calcareous nannofossils from cores recovered 
on DSDP Leg 4. In: R.G. Bader, R.D. Gerard, W.E. Benson, 
H.M. Bolli, W.W. Hay, W.T. Rothwell, Jr., M.H. Ruef, W.R. 
Riedel, and F.L. Sayles, eds. Initial Reports of the Deep Sea 
Drilling Project, Vol. 4. U.S. Government Printing Office, 
Washington, D.C., USA, p. 455—503. http://doi.org/10.2973/
dsdp.proc.4.123.1970

Hay, W.W., H.P. Mohler, and M.E. Wade. 1966. Calcareous 
nannofossils from Nal’chik (northwest Caucasus). Eclogae 
Geologicae Helvetiae 59:379—399. https://doi.org/10.5169/
seals—163378

Martini, E. and M.N. Bramlette. 1963. Calcareous nannoplank-
ton from the experimental Mohole drilling. Journal of Pale-
ontology 37:845—855.

Paleo Data ®, Inc. 2017. Biostratigraphic Chart — Gulf Basin, 
USA Quaternary and Neogene. Ver. 1701, 16 January 2017. 
Compiled by: A.S. Waterman, R.D. Weber, Y. Lu, V.E. Smith, 
R.A. George, T.M. Reilly, R.V. Roederer, J.A. Edmunds, B.W. 
Parker, N.R. Myers, A.J. Avery. Biostratigraphic chart avail-
able from https://www.paleodata.com/chart/ (viewed on 
10/4/2023).

Poag, C.W. 2015. Benthic Foraminifera of the Gulf of Mexico: 
Distribution, Ecology, Paleoecology. Texas A&M University 
Press, Corpus Christi, TX, USA, 239 p.

Ross, C.B., W.D. Gardner, M.J. Richardson, and V.L. Asper. 
2009. Currents and sediment transport in the Mississippi 
Canyon and effects of Hurricane Georges. Continental 
Shelf Research 29:1384—1396. https://doi.org/10.1016/j.
csr.2009.03.002

Salomon, R. 1999. The Calcite Palace. https://ina.tmsoc.org/gal-
leries/CalcitePalace/index.htm. (viewed on 10/04/2023).

Theodoridis, S. 1984. Calcareous nannofossil biozonation of 
the Miocene and revision of the helicoliths and discoasters. 
Utrecht micropaleontological bulletins 32:1—271.

Uchupi, E. 1975. Physiography of the Gulf of Mexico and Carib-
bean Sea. In: A.E.M. Nairn and F.G. Stehli, eds. The Ocean 
Basins and Margins, Vol. 3: The Gulf of Mexico and the Ca-

Literature Cited



Cobb Faulk and Clark

ribbean. Plenum Press, New York, NY, USA, p. 1—64. https://
doi.org/10.1007/978—1—4684—8535—6

Xu, J., J.W. Snedden, D.F. Stockli, C.S. Fulthorpe, and W.E. Gal-
loway. 2017. Early Miocene continental—scale sediment supply 
to the Gulf of Mexico Basin based on detrital zircon analysis. 

GSA Bulletin 129:3–22. https://doi.org/10.1130/B31465.1

Young, J.R. 1998. Neogene. In: P.R. Bown, ed. Calcareous Nan-
nofossil Biostratigraphy, 1st ed. Springer Science+Business 
Media, New York, NY, USA, p. 225—265.

88


