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7. NEOGENE DIATOM BIOSTRATIGRAPHY FOR THE EASTERN EQUATORIAL
PACIFIC OCEAN, LEG 138!

Jack G. Baldauf? and Masao Iwai?

ABSTRACT

Ocean Drilling Program (ODP) Leg 138 recovered more than 5500 m of Quaternary to middle Miocene (~17 Ma) sediments
from 11 sites in the eastern equatorial Pacific Ocean. These sediments represent the most complete stratigraphic sequence
recovered since the start of scientific ocean drilling by the Deep Sea Drilling Project (DSDP) and ODP. The diatoms observed
generally are common to abundant and well-preserved throughout the samples examined. The assemblages are characterized by
species typical of low-latitudes and regions of high surface-water productivity and are dominated by Thalassiothrix longissima,
Thalassionema nitzschioides, Azpeitia nodulifer, and numerous species of Thalassiosira and Nitzschia.

Fifty-six biostratigraphic events were identified at Sites 844 through 852, allowing us, in part, to use the diatom zonation of
Barron (1985a). This zonation was modified by replacing the Rhizosolenia preabergonii Zone and the upper portion of the
Nitzschia jouseae Zone, as used by Barron (1985a), with the Nitzschia marina and Nitzschia jouseae zones, as used by Baldauf
(1984, 1987). Twenty-nine biostratigraphic events have been correlated to the Leg 138 paleomagnetic stratigraphy of Schneider
(this volume). Nineteen of these events are well constrained to permit recalibration. Diatoms were rare or absent in samples
examined from Sites 853 and 854. As such, these sites are not included in the following discussion.

INTRODUCTION

During Leg 138, 42 holes at 11 sites in the eastern equatorial Pacific
Ocean were cored to examine the paleoceanographic history of this
region since the middle Miocene. Sites 844 through 847 form a north-
south transect centering at 95°W longitude, and Sites 848 through 854
form a north-south transect at 110°W longitude (Table 1; Fig. 1). The
sediments recovered during this cruise are unique in that they (1)
compose near-continuous sequences representing about the last 17
m.y.; (2) have been examined at a sample spacing of 2 to 5 cm for color
spectrum (Mix et al., this volume), GRAPE (Mayer et al., this volume),
and magnetic susceptibility (Valet et al., this volume); (3) generally
contain the major siliceous and calcareous microfossil groups, and (4)
contain at Sites 844, 845, 848, 851, and 852, a magnetostratigraphy for
portions of the Quaternary through upper middle Miocene sequences.
As such, Leg 138 presents a unique opportunity to enhance current
biostratigraphies and biochronologies to improve the temporal frame-
work for refined paleoceanographic analysis.

This study presents the diatom biostratigraphic results of samples
examined from Sites 844 through 852. In doing so, calibration of
specific stratigraphic markers to magnetostratigraphic records have
been reexamined on the basis of comparisons of Leg 138 diatom
biostratigraphy and magnetostratigraphy (Schneider, this volume).
The sparse occurrence or absence of diatoms from samples examined
from Sites 853 and 854 exclude these sites from this study.

METHODS
Biostratigraphy/Biochronology

Diatom biostratigraphy for the equatorial Pacific has evolved
from the original zonations proposed by Burckle (1972, 1977), Jousé
(1973), and Bukry and Foster (1973) to the more recent zonal stan-
dard of Barron (1985a). In addition, numerous studies, including
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Burckle and Trainer (1979), Burckle et al. (1982), Sancetta (1984),
Barron et al. (1985), and Baldauf (1985), have enhanced our under-
standing of the spatial and temporal distribution of diatoms in the
equatorial Pacific region.

The Quaternary and Neogene diatom zonation of Barron (1985a,
1985b) consists of 18 zones and 21 subzones, with each zonal and
subzonal boundary defined by the first or last stratigraphic occurrence
of a specific species. The majority of these zonal and subzonal bio-
markers have been calibrated directly with a magnetostratigraphy
based on the studies of Burckle (1972, 1977), Burckle et al. (1982),
Barron (1985a, 1985b), and Barron et al. (1985). The zonation used
by Barron (1985a, 1985b) results from the studies of eastern equato-
rial Pacific sediments recovered primarily from DSDP Leg 85. In
addition to the primary biostratigraphic markers, numerous second-
ary stratigraphic markers have also been defined for use in this region.
The majority of these secondary events have been indirectly cali-
brated to the magnetostratigraphy and are considered useful only
locally (i.e., the Leg 85/Leg 138 region).

In this study, we adhere to a slightly revised version of the diatom
zonation proposed by Barron (1985a, 1985b) for the eastern equato-
rial Pacific. Barron (1985a) followed Burckle (1977) in using the
Rhizosolenia praebergonii Zone as the interval from the first occur-
rence (FO) of R. praebergonii to the FO of Pseudoeunotia doliolus.
Within the Leg 138 material, we have followed Baldauf (1984) in
replacing, where needed, the R. praebergonii Zone with the Nitzschia
marina Zone and an extended Nitzschia jouseae Zone (Fig. 2). The
N. marina Zone is defined as the interval from the FO of P. doliolus
to the last occurrence (LO) of N. jouseae. This zone is subdivided into
two subzones on the basis of the LO of Thalassiosira convexa.

Actinocyclus moronensis has a scattered occurrence throughout
its stratigraphic range. This limits the usefulness of the LO of A.
moronensis to define the T. yabei/A. moronensis boundary, following
Barron (1985a). We have used the LO of Denticulopsis simonsenii,
where necessary, as a secondary marker for this zonal boundary. With
the exception of several changes in taxonomic nomenclature dis-
cussed by Akiba and Yanagisawa (1985), the remaining zonation used
here follows Barron (1985a).

During shipboard analysis, we adhered to the time scale of
Berggren et al. (1985); (see Fig. 2). Berggren et al.’s (1985) chronol-
ogy was slightly modified to incorporate the Blake, Cobb Mountain,
and Reunion paleomagnetic events. Estimated ages for the Cobb
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Figure 1. Location of Leg 138 sites (844-854) and generalized circulation system of the eastern equatorial Pacific Ocean. Surface currents = solid arrows, sub-
surface currents = dashed arrows: CAC = California Current; NEC = North Equatorial Current; NECC = North Equatorial Countercurrent; EUC = Equatorial
Undercurrent; SEC = South Equatorial Current; PC = Peru Current; and CHC = Chile Current. Shaded areas represent general latitudinal extent of SEC and NEC.

Mountain and Reunion events follow Harland et al. (1982). Calibra-
tion of the diatom chronology to the Geopolarity Time Scale (GPTS)
of Berggren et al. (1985) follows Barron (1985a, 1985b) and Barron
et al. (1985), as Berggren et al. (1985) failed to include calibration of
diatoms in their chronostratigraphy. Although for this manuscript we
adhered to the more recent chronology of Cande and Kent (1992; see
Table 2: Figs. 2 and 3), Berggren et al.’s (1985) chronology also has
been presented here to be consistent with shipboard studies.

Biostratigraphic events, such as the first or last occurrences of a
specific species, have been assigned to the sample containing the first
or last observed specimens. Sample constraints, depth (meters below
seafloor), and depth (composite) for each event are presented in the
appropriate tables. The composite depth assignment follows that re-
ported in Mayer, Pisias, Janecek, et al. (1992).

Techniques

Smear slides from selected samples were examined on a routine
basis for stratigraphic markers. When required (because of low con-
centrations of specimens), selected samples from all sites were pro-
cessed using hydrogen peroxide and hydrochloric acid, following a
modified version of the procedures of Baldauf (1984). Strewn slides
of the acid-clean material were prepared for samples from Site 845
and from Sites 847 to 852. These slides were examined using magni-
fications between 750 and 1250x. Slides examined from Sites 844B
and 846B were generated using a random settling technique similar
to that described by Bodén (1991).

RESULTS

Tables 3 through 5 provide the sample, meters below seafloor
depth (mbsf) and meters composite depth (med) constraints for stra-
tigraphic events identified for Sites 844 through 846, located along
the eastern transect. Tables 6 through 8 provide similar data for
stratigraphic events recognized for Sites 847 through 852, located
along the western transect.

Site 844

Four holes (844A—-844D) were cored at Site 844, situated on the
Cocos Plate (Table 1; Fig. 1). Well-preserved diatoms are generally
present throughout the Pleistocene (Nitzschia reinholdii Zone) to
uppermost lower Miocene (Subzone B of the Crucidenticula nico-
barica Zone) sequence. The biostratigraphy presented here for Hole
844B has been slightly revised from the shipboard work (see Mayer,
Pisias, Janecek, et al., 1992). The continuous occurrence of diatoms
combined with an excellent magnetostratigraphy (see Schneider, this
volume) for the interval from Cln through 5n (0 to ~10 Ma) make this
site an ideal type section for the low-latitude Pacific. In addition,
diatom stratigraphic events examined from this site can be directly
correlated to those recorded from DSDP Sites 573 through 574 by
Barron (1985a).

Samples examined from Core 138-844B-1H were assigned to the
Pseusdoeunotia doliolus Zone, based on the occurrence of P. doliolus
stratigraphically above the LO of Nitzschia reinholdii in Sample
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Table 1. Latitude, longitude, and wafer depth (drill-pipe measurement) of ~ Table 2. Age estimates for primary and secondary diatom biostratigraphic
holes cored during Leg 138, events for the equatorial Pacific Ocean.

Water Age  Age
depth Diatom event Calibration/reference (*1)  (*2)
Hole Latitude Longitude (m) =

Nitzschia reinholdit Cln (Burckle, 1977) 0.65 0.65
zxehia fossilis 0.85 092
Rhizosolenia matuvamea Cln.In (Burckle, 1978) 094 101
Rhizosolenia matuyvana {515 TR 9
Rhizosolenia praebergonii var. robusta  Cln (Burckle & Trainer, 1979) 1.55 164
Psendoeunotia dofiolus C2n (Burckle, 1977) 1.80 190
Rhizosolenia pravhergonii C2n (Burckle, 1978) 1.85 195
Thalassiosiva convexa C2n (Burckle, 1978) 210 221
Nitzschia jouseae C2An.1n (Burckle, 1978) 260 273
Rhizosolenia prachergonii C2An.2n (Burckle. 1978) 300 114
Thalassiosira convexa var. convexea C2An (Burckle & Trainer, 1979) 3.60 375
Asteromphalus elegans C3n.In { Burckle. 1978) 390 4.06
irzschia evlindrica C3n.3n { Burckle, 1978) 430  4.50
Nirzschia jouseae C3n.3n (Burckle, 1978) 450 4.73
Thalassiosira oestrupii 510 542
Thalassiosira miocenica {Burckle, 1978) 510 542
Nitzschie mivcenica C3An. In (Burckle, 1972) 555 596
Nitzschia miocenica var. efongata C3An.In (Burckle, 1978) 565 605
Thalassiosira praeconvexa C3An.2n (Burckle, 1978) 580 6.25
Thalassiosira miocenica C3An.2n (Burckle, 1978) 610 6.54
Thalassiosira convexa C3An.2n (Burckle. 1978) 6.10 654

844A 7°55.28N  90°28.85W 34250
B44B 7°55.28N  90°28.85W 34250
844C 7°55.28N  90°28.85W  3425.0
844D 7°55.28N  90°28.85W  3425.0
845A 9°34.95N  94°35.45W 37159
845B 9°34.95N  94°35.38W 37159
845C 9°34.95N  94°35.38W 37159
846A 375,708 90°49.08W 33073
846B 3°5.708  90°49.08W  3307.5
846C 3°5.708  90°49.09W  3307.5
846D 3°5.80S  90°49.07W  3307.5
847A 0°11.39N  95°19.23W  3346.0
847B 0°1L.59N  95°19.23W  3346.0
847C 0°11.58N  95°19.19W  3346.0
847D 0°11.58N  95°19.20W 33469
B4BA 2°59.635  110°28.79W  3865.1
B4BB 2°59.638 110°28.79W  3867.3
848C 2°59.655 110°28.81W  3867.0
848D 2°59.665 110°28.81W  3866.1
840A 0°10.98N  110°31.18W 38488
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=
B

240B 0°10.98N  110°31.18W 3 Thalassiosira pracconvexa C3An.2n (Burckle, 1978) 630 664
840C 0°10.99N  110°31.18W 33232 Nitzschia porteri C4n.In (Burckle, 1978) 670 T.25
849D 0°10.99N  110°31.17W : Nirzvchia miocenica 675 7.3
850A 1°17.84N  110°3] 2;“’ ggg?g T. Rassielta paleacea C4n.In (Burckle, 1978) 6.80  7.40
850B 1°17.83N 1 1053]'29“; 3797.3 T. Thalassiosiva burckiiana C4n.2n (Burckle, 1978) 7.00 7.6l
851A 2°46.22N 1 100343 1w 3-;,-;30 B. Nirzsehia reinholdi 7.30 7.94
851B 2°4622N 11 ; . B. Nitzsehia marina 740 807
851C 2°46.21N lig:gigég gg:‘gg T. Thalassiosira vabei C4n.1n (Burckle, 1978) 7.55 821
851D 2°46.21N : ; B. Nirzschia evlindrica . 7.55 821
852A 5°17.57N o4, ‘ B. Nﬂ‘l’:’.\!'l'ﬂl{l'f}}.?.\‘fff.\' 8.10 8.74
o bl : 1004 Y B B. Thalassiosira burckliana C4An (Burckle. 1978) 8.20 885

852B 5°17.57N  110°4.58W 38716 5
8520 5917.55N 110°4.56W 38715 B. Coscinodiscus loeblichii 840 9.06
852D 5917.55N “004:54“, 38?1‘5 T. Azpeitic verustissimus var. favanicus 855 922
853A 7°12.66N  109°45.08W 3?62‘0 B. Azpeitia vetustissimus var. javanicus 875 946
8538 7°12.66N  109°45.08W 37272 T. Denticulopsis simensenii 880 949
853C 7°12.65N  109°45.08W  3726.5 T. Actinocyefus moronensis C4An.2n (Burckle, 1978) 890 958
851D 7°12.65N  109°45.07TW 37242 B. Actinocvelus ellipticus var. lanceolata 9.90 1040
853E  T7°12.65N  109°45.07W 37252 T. Synedra jouseana 1040 10.82
854A  11°13.43N ]09035'65“; 3579‘5 B. Rassiella paleacea var. elongata 10,60 11.00
854B  11°13.43N IWSSIG‘W 3579'1 T. Crasepedodiscus cosinodiscus 10.60 1100
854C | l°l:’i 43N |09°35.65W 35?9'9 T. Coscinodiscus gigas var. diorama 10,700 11.09
e : i T. Actinocvetus ellipticas var, spiralis 10.80 1117
B. Hemidiscus cuneiformis C5n.2n (Burckle, 1978) 1,10 11.44
; . B. Rossiella praepaleacea 11.45 1181
138-844B-2H-CC. The interval from the LO of N. reinholdii in T Actinocyelus ingens 1150 11.81
Sample 138-844B-2H-CC and the FO of P. doliolus in Sample 138- - exodiscus puldhells e
844B-3H-2, 60 cm, was assigncd to the N. reinholdii Zone (Tilblt’..‘ 3} B: C{).:rinndi.\'rnx temperi var. delicata 11.80 12,06
The scattered occurrence of R. praebergonii at this site did not allow T. Cracidenticula nicobarica 1220 12.40
i . . : T. Annelfus califoriicus 1240 12,57
us to place the N. reinholdii A/B subzonal boundary. B Cotcinadiseus sigar 1260 1274
The interval from Samples 138-844B-3H-4, 60 cm, through -4H-3,  T. Coscinodiscus lewisianis 12.80 1292
60 cm, contain specimens of Nitzschia marina without specimens of ~ B- Derticulopsis punciaia o 1%

. . b - . " . CHEN NS e ] e I
P. doliolus or Nitzschia jouseae. This interval was assigned to the N, B. Azpeitia ,md";,;!ifi 1330 13.34
marina Zone, as used by Baldauf (1984), The LO of Thalassiosira E ;f;"f"t‘f'f-'f’;i-‘"ff'*"H"""wm‘m" :::'51 ::2‘:
y : . s : . Denticulopsis simonsenii 3.6 3

convexa, which marks the Subzone_A/B boundary, was not recognized B, Actinocyclus elfipticus i splraiis 1420 1416
in Hole 844B, but has been placed in Sample 138-844C-3H-6, 35 cm. T. Cestodiscus peplin 1420 14.16
Specimens of R. praebergonii occur sporadically throughout this B. Actinocyclus ellipticus 1440 1436
int 1 in both holes. In Hole 844B i S ~ B. Coscinodiscus blvsmos 14.60 14.55
Interva _m_ ot 0 ef" n 0 ¢ . the lowest stratigraphic occur- B. Thalassiosira rappanae 14.60 14,55
rence ol this species is seen in Sample 138-844B-4H-3, 60 cm, which T. Amnellus californicus 1500 1492
approximates the LO of N. jouseae. This stratigraphic placement -g' ‘it"r_”":::’!fﬁf::::’:,i’:f:"r ::‘ég :;-‘:‘3
suggests that this does not reflect the true LO of this species. T. Nitzschia maleinterpretaria 1560 1547
The stratigraphic sequence representing the lower portion of the 1’" g"-“'"}”"’"‘f‘"‘?" "f‘"*""s“"“" VAR St :;£ ::;2’
: i 3 gii e . Crncidenticula kanayae ! 5.8
lower Pliocene N. jouseae Zone through the upper Miocene Ac.:mm._}-- T Thalussiosiva frirga 1620 1602
clus moronensis Zone (representing about a 5 m.y. interval) is con- B. Cestodiscus peplum 1640 1620
densed and occurs in the interval from the lower portion of Core T. Raphidodiscus marvlundicus 1675 16,33
B. Crucidenticula kanavae 16,90 16.68

138-844B-4H through Section 138-844B-8H-2. Biostratigraphic — -
events recognized in this interval include the FO of T. convexa in Note: T = top or last accurrence; B = bottom or first occurrence; | = ages using Berggren et al.
Sample 138-844B-5H-1, 120 cm: FO of Thalassiosira praeconvexa (1985); 2 = uges using Cande and Kent (1992),

in Sample 138-844B-5H-2, 120 cm; FO of Nitzschia miocenica in

Sample 138-844B-5H-3. 120 ecm: LO of Thalassiosira yabei and the

FO of Nitzschia cylindrica in Sample 138-844B-6H-1, 120 cm; FO of
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Table 3. Sample constraints of stratigraphically useful events from eastern transect Holes 8448 through 847D,

Hole Hole Hole Hole Hole Hole Hole Hole Hole Hole
Event BHB R44C B45A 8458 B46B Ba6C B46D B47B B47C 847D
T. N. reinholdii |-ccr-coe <|-CC 3-5, 120¢3-6,120 1-CCR-CC 3.3, 70¥3-3, 121 200300 1-CC/2-6. 70 1-CCR-CC 1-CCR-CC
T. N. fossiis 1-1. 7¥1-2.40 3-3, 3(V3-5, 30 34, 70/3-CC 2-0CH3-CC 2-CCA-CC 2-CC/3-3.70 2-CCi3-CC 2-CCA3-CC
T. R matuvama 3-5, 036, 30 4-6, 754-CC 3-0cn-cc 3Coce
B. R matuyama 361 H¥3-7. 30 5-4.75/5-CC 4-CC/5-CC 4-CC/5-CC
T. R. praebergoni v. robustis T-3, 120674, 20 6-CCI-CC 5-CCi6-CC -1, 6lV6-4, 60 5-6. 20/5-CC 5-CChe-CC
B. P. doliolus 3-2, 6V3-4, 60 1-CC2-4. 35 4-CC/5-1, 30 3.cca-Cce 7-CC/8-1. 125 T-CCHB-CC 7-5. 1IV7-5. 80 7-5. 60/7-6, 60 6-CC7-CC 6-CC7-CC
T. T. comvexa s.l. 3-3,353-6.35  5-5. 120056, 120 B4, 120/8-5. 120 9-CC/0-CC 8-2. 130/8-3, 10 8-, 60/8-CC 7-CCB-CC T-CCB-0C
T. N. jouseae 4-3, 6004-CC 6-1, 12006-2, 120 4-CC/5-CC Li=1 1O0TE-2, 121 10-CCY 1 1-CC =1 600 1-1, 120 9-CC/10-2, 60 9-CC/0-CC 9-CC/ 104, 120
B. R. prachergonii sl 4-3, 6(¥4-CC 2.CC3-CC 6-2, 120/6-3, 120 5-CCH6-CC 12-6, 120012-6, 140 10-CC/12-.CC 11-CC/H2-CC 10-CC 1-CC 10-2, 148/10-4, 148 10-CC/ 1-CC
E. T. comvexa v. convexa 7-1.12077-2, 120 14-CC/15-1, 148 14-6, 1W14-6, 100 12-5. 70/12-CC 11-CCH2-CC 1-ccna2-ce
B. A, elegans 13-2, 60/13-CC
T. N, exlindrica 8-2,27/8-3, 27 18-CC19-1. 148 17-CC/EB-CC [8X-CCr20X-CC 14-CCY15-CC 15X-6, T9/15X-CC
B. N jouseae 4-CC/5-1, 120 8-1,27/8-2,27 7-CC8-CC 19-CC/20-1, 148 18-CC/19-CC 19-5, 120/19-6, 30 18X-2. M/ 18X-4,90  17X-CC/8X-3, 120
B. T. aestrupii 8.6, 120/8-CC 22-4. 148/22-5, 80 22-3, 206122-3, 50
T. T. miocentca 9-3, 120/9-4, 120 224, 148/22-5. 80 2IX-CCR2X-CC 19X-CCR20X-5, 60 20X-1, 120020X-2. 120
T. N. miocenica 4-CC/5-1, 120 4-3,75/4-4,75  9-5, 120/9-6, 120 23X-7, 4V23X-CC 22X-CC23X-CC
T. N, mivcenica v. elomgata 4-CC/5-1, 120 4-1.75/4-3,75 23X-CC24X-CC
. T praeconvexa 4-CC/5-1, 120 23X-CCR4X-CC 2X-CCA3X-CC 22X-CC/23X-1, 60 21X-3, 1021X-5, 50
B. T. miecenica 9-CC/10-CC 25X-5. 1125X-CC 24X-CC25X-CC
B. T. convexu v. uspinosa S-1,12005-2, 120 4-3,75M44.75  9-CCNO-CC 25X-5, 125X-CC 24X-CCR5X-CC
B. T. praeconvesa 5-2, 120/5-3. 120 25X-CC26X-1, 120 25X-CCn6X-CC
T. N. porteri 27X-2, 120/27X-3,75
B. N. miocenica 5-3, 12(V5-5, 120 4-CC/5-CC =1, 29/11-3, 120 27TX-6, SIN2IX-CC
T. R. paleacea 5-3, 12005-5, 120 4-CC/5-CC 28X-3, 6IV2EX-3, B0
B. N. reinholdii 5-5, 12045-6, 120 4-CC/5-CC
T. T. vabei Group 5-CC6-1, 120 5-CCH-CC 12-6, 30W12-CC 11-CCI13-4, 89 30X-1. 100V30X-1, 122
B. N. evlindrica 6-1, 12006-2, 120 30X-1, 6V30X-1. 122
T. C. loeblichii 6-4, 60/6-CC
B. T, burckliana 6-4, 60/6-CC
B. C. loeblichii 6-CCT-CC
T. . simonsenii 5.1, 7-5. 60/7-CC 6-CC/7-CC 14-1, 120/14-CC 13-4, 89/16-CC 31X-CCA2X-1, 60
T. A. moronensis 8-1, 60/8-2, 60 6-C01-CC
T, A. ellipticus 1. lanceolata 32X-CCAR3IX-CC
T. 8 jeuseana 9-co-co
T. C. coscinodiscus 9-CC0-CC 8-CCM-CC 15-CCN6-CC 34X-6, YVM3I4X-6, 120
B. R. paleacea v. elongata 9-CCHu-CC 34X-6, SV34X-6, 120
T. C. gigas v, diorama 16-CC/17-CC 34X-6, 9VI4XN-6, 120
T. A. ingens 12-CCA13-CC 12-CC/3-CC 18-CC/19-1, 120 18-CC/19-3, 20 36X, 3W3I6X-5, 103
T. C. pulchellus 12-CC/13-CC 17-CCHE-CC
B. N. porteri 36X-5, 103/36X-CC
T. C. temperi v. delicata 12-CCN3-CC 36X-5, 103/36X-5, 120
T. A. californicus 12-CCH13-CC 12-CCN3-CC
B. C. gigas v. diorama 3BX-2, HVIBX-3, 30
T. C. lewisianus 14-CC/15-CC 14-CC/IS-CC 20-3, 120020-CC 19-CC/20-3, 67 38X-1, YV3BX-3. 120
T. T. tapparae 15-CCH6-CC
B. T. cinnamomeum 15-CC/6-CC 15-CCN6-CC
B. D. simonsenii s.1. 16-CCl7-CC
T. C. peplum 17-CCH8-CC 24X-CCReX-CC
B. A, ellipticus 18-CCY/19-CC
B. C. blysmas 19-CC/20-CC
T. A, californicus 21 X-CCx-cC
B. A. ingens 23X-CCr24X-CC
T. C. lewisianus v. simiilis UX-CONSX-CC
T. T fruga 28X-CC/29X-7, 40
B. C. peplum 28X-CC29X-7, 40 29X-CC0X-CC
T. R. marylandicus 28X-CC/29X-7, 40

Note: T = top or last occurrence of 4 species: B = bottom or first occurrence of a species: CC = core catcher: X = extended core barrel core. All samples were taken from APC-cored material unless noted otherwise.
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Table 4. Depth constraints of stratigraphically useful events from eastern transect Holes 844B through 847D,

Event B44B BB LERT qac B45A B45A H45B #458 468 B46B #M6C 460 846D 846D 8478 8478 847C B47C 847D B47D
(mhsf) top bottom top bottom op botrom op bottom top bottom top botom 1op bottom top bottom top bottom top bottom

T. N. reinholdii 4.53 14.48 24.3 258 9.73 2149 18.7 21.7 21,84 3145 6.59 14.7 11.97 21.34 6.61 16.54

T. N fossils 0.7 1.9 204 234 a7 26.17 21.84 3145 21.61 3293 16,08 19.7 21.34 31.07 16.54 25.84

T. R, matiyama 234 249 31.25 36,06 il45 4109 3293 4269

B. R. matuyama 249 26.4 4075 45.54 4109 50.69 4269 521

T.R pmeberg:mﬂ‘ V. rebustus 587 59.2 58.64 69.71 520 61.38 45.1 51.1 47.7 5000 44.88 53.74

B. P. dediolus 14.75 19.3 a9l 13.95 36.49 64 2795 41.19 64.26 65.25 69.71 TE.36 64.9 65.6 0.6 62,1 59.19 69.09 5374 63.64

T. T. convexa s.l. 2195 26,45 433 4.8 69.7 TEZ 87.63 97.95 7Ll 714 716 7283 6900 7735 6364 73.2

T. N. jouseae 26,1 3348 46.8 473 41.49 48.4 93.6 95.21 97.95  106.23 97.4 98 830 84.6 B8.08 97.6 83.25 89.8

B. R. praebergonii s.1. 26.1 33.48 18.62 28.60 47.3 49.8 484 59.97 1107 1109 97.95 11652 10626 115.91 9268 10156 90.4 934 9228 102,19

F. T. comexa v. convexa 56.3 578 130.78 13198 1319 1328 108.2 111.58 107.1 116, 10219 11151

B. A. elegans (BEN| 121.05

T. N. evlindrica 66.37 67.87 16917 16998  [64.22 17334 16795  191.59 13035 13981 14335 144,73

B. N. jouseae 3348 342 64,87 66,37 69.85 T9.57 17865 17948 17334 183.34 180 180.6 157.9 160.9 164,13 167.9

B. T. cestrupii 73.3 74.55 20298 2038 2043 24T

T. T, miocenica T8.3 79.8 20298 2038 200121 21074 17452 1805 183.7 185.2

T. M. miocenia 33448 342 31.85 3335 813 B8 2159 216.26 210074 220016

T. N. miocenica v, elongata 3348 342 28 85 31.85 21626 2259

T. T. pracconvexa 1348 342 21626 2259 21074 220006 20297 2034 1962 198.7

B. T. miocenica 84.07 Y3.61 2317 23202 23006 239.86

B. T. convexa v. aspinosa 342 357 31.85 33.35 B4.07 93.61 231,71 23212 230.06 23986

B. T praeconvexa 357 379 23212 2368 23986 249.45

T. N. porteri 2479 248.95

B. N. miocenica 379 40.2 3808 47.56 83.89 97.3 2532 253.56

T. R. paleacea 39 40.2 388 47.56 2585 2587

B. N. reinholdii 40.2 41.7 38.18 47.56

T. T. yabei Group 429 43.7 110.4 11236 10802 12249 2749 275.12

B. N. exlindrica 43.7 452 2745 275.12

T. C. loeblichii 49.7 52.52

B. T. burckliona 49.7 52,52

B. C. loeblichit 52.52 62,06

T. D. simonsenii s.1. 59 62,06 572 66.73 1228 131,67 12249 15555 293 2037

T. A. moronensis 62.7 64.2 5712 66,73

B. A. ellipticus t. lanceolara 30238 312.68

T. 8. jouseana 811 90.27

T. C. coscinodiscus 81.1 90.27 76.3 85.78 14456 15555 3208 3211

B. R paleacea v. elongata 811 90.27 3208 3211

T. C. gigas v. diorama 15062 15995 3208 3211

T. A, ingens 109.59 11895 11415 12362 169.69 1703 174.53 177.3 3365 338.78

T. C. pulchellus 109.59 11895 15995  169.69

B. N, porteri 33878 M5

T. C. temperi v. delicara 109.59 118,95 33878 33895

T. A cahﬁmmm 10959 11895 11415 123.62

B. C gigas v. dioramg 3534 3543

T. C. fewisicnus 12826 137.82 13271 1428 182.8 188,73 18373 187.27 3519 355.2

T. T. tappanae 137.82 14743

B. T. cinnamomeun 137.82 14743 1428 152,16

B. D. simonsenii s.1. 14743 157.07

T. C. peplum 157.07  166.43 21825 24552

B. A ellipticus 16643 175.83

B. C. bivsmos 17583  IB5.58

T. A californicus 19469 204.27

B. A ingeny 2139 223.65

T. C. lewisanus v, simillis 223.65 23204

T.T. fraga 26166 270.7

B. C. peplum 26166 2707 27435 28387

T. B, marvlandicus 26166 2707

Note: T = top or last occurrence of a species, B = bottom or first occurrence of a species.
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Table 5. Depth constraints of stratigraphically useful events from eastern transect Holes 844B through 847D.

Event 844B 844B 8440 B44C
(med) top hottom top hottom
T. N. reinhofdii 4.53 15.61
T. N. fossilis 1.2 24
T. R. matuvama
B. R. maruyana
T.R. um’b{'m{mn v, robustiuy
B. P. doliolus 17 21.55 9.6 15.25
T. T. canvexa s.l. 243 28.8
T. N. jouseae 17.55 2493
B. R. praebergonii s.. 17.55 24093 19.92 3.0l
F. T, convexa v. convexa
B. A, elegans
T. N. evlindrica
BN ;am.mr 24.93 3785
B.T m'r!mp.-.-
T. T. miocenica
T. N miocenica 24.93 37.85 36 37.5
T. N. miocenica v. elongata 2493 37.85 i3 36
T.T. praeconvexa, 24.93 37.85
B. T. mivcenica
B. T. convexa v. aspinosa 3785 39.35 i6 315
B. T. praeconvexa 39.35 41.55
T.N porteri
B. M. miocenica 41.55 4385 4233 52.81
T. R. paleacea 41.55 43.85 42.33 5281
B. N. reimholdii 43.85 45.35 4233 52.81
T. T. vabei Group 46.55 478 52.81 63.85
B. N, evlindrica 47.8 49.3
T. C. loeblichii 538 56.62
B. T. burckliana 538 56.62
B. C. loeblichii 56.62 68.76
T. D. simonsenii s.1. 65.7 68.76 63.85 7438
T. A. moronensis 69.85 71.35 63.85 74.38
B.A. eh‘{pnmvf' fanceslara
T. S jouseana 89.75 100.9
T. Cr. coscinodiscus 89.75 100.9 85.61 95.96
B. R pﬂ.‘mc ea V. elongata 89,75 100.9
T. C. gigas v. diorama
T. A. ingens 123.12 13275  126.15 136.62
T. C. pudchellus 123.12 132.75
B.N. porteri
T. C.temperi v. delicata, 123.12 132,75
T. A. californicus 123,12 13275 126.15 136.62
B. C. gigas v. diorama
T. C. lewisianus 143.09 15282 147.71 157.7
T.T. tappanae 152.82 163.61
B. T. cinnmamamenm 152.82 163.61 1577 167.66
B. D, simansentii s.1. 163.61 172.67
T. C. peplum 172.67 183.48
B. A ellipticus 183.48 193.03
B. C. blysmos 193.03 204.21
T. A. rﬂ.’.'ﬁmm s 213.32 2229
B. A, ingens 232,53 242.28
T. C. lewisanus v. simillis 242,28 250.67
T.T. fraga 280.29 289.33
B. C. peplum 280,29 289.33
T. R marvliandicus 280.29 289.33

Notes: T = top or last occurrence of a species, and B = bottom or first occurrence of a species. Depth constraints are in meters composite depth, as determined by the Shipboard Scientific Party (see Mayer, Pisias, Janecek, et al.,
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125.5 125.7 L6

147.93 151.68

191.02 193,78 185.72

202.45 205.08 196.54
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846D BEI] R47B B47B 847C B47C 847D 847D
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6.59 14.83 12.37 23.02 6.61 18.34
23.51 34.63 16.21 20.05 23.02 3347 18.34 28.84
34.63 46.29
46.29 57.7
517 66.78 50.18 56.18 522 54.59 49.08 59.94
733 74 67.35 68.85 6489 76.89 59.94 70.84
80.5 RO.8 79.78 81.01 76.89 85.55 70.84 81.5
109.8 110.4 92.58 94.83 97.98 108.3 91.95 101.5
118,66 129.41 102.91 114.46 101.1 104.1 103.98 114.89
148.7 149.6 121.23 124.61 119 128.74 114.89 125.11
127.1 124,61
19005 216,89 145.83 155.76 159.25 160.63
202.9 2035 172.25 180.25 184.13 188.6
23465 23505
23176 241.09 193.87 199.85 2034 204.9
241.09 254,01
254.01 22232 2175 2156 218.1
263.41 273.60
26341 273,66
273.66 28325
1992).
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Figure 2. Comparison of the diatom zonation used here with the diatom zonation used
aboard the ship (see Mayer, Pisias, Janecek, et al., 1992). A. Shipboard zonation has been
calibrated to the chronology of Berggren et al. (1985). B. Zonation used here has been
calibrated to the chronology of Cande and Kent (1992). See text for discussion of zones.

Thalassiosira burckliana in Sample 138-844B-6H-4, 120 cm; and the
LO of Denticulopsis simonsenii in Sample 138-844B-7H-CC. Sam-
ples 138-844B-8H-2, 60 c¢m, through -9H-CC were assigned to the A.
moronensis Zone, based on the occurrence of A. moronensis strati-
graphically above the LO of Craspedodiscus coscinodiscus in Sam-
ple 138-844B-10H-CC. Sample 138-844B-13H-CC was assigned to
the base of the C. coscinodiscus Zone on the basis of the occurrence
of Thalassiosira brunii in this sample.

The diatom assemblage in the lowermost portion of Hole 844B is
well preserved and abundant throughout the sequence, with most pri-
mary and secondary biostratigraphic indicators present. Samples from
Core 138-844B-14H were assigned to the Coscinodiscus gigas var.
diorama Zone. Samples 138-844B-15H-CC through -17H-CC repre-
sent the interval from the LO of Coscinodiscus lewisianus to the LO
of Cestodiscus peplum and were assigned to the C. lewisianus Zone.
Specimens of C. peplum occurred in samples examined from Cores
138-844B-19H through -28X, which allowed us to assign samples
from these cores to the C. peplum Zone. The lowermost portion of
Hole 844B has been placed in Subzone B of the Crucidenticula nico-
barica Zone, based on the occurrence of Raphidodiscus marylandicus,
Coscinodiscus blysmos, and Crucidenticula kanayae stratigraphically
below the FO of C. peplum and stratigraphically above the LO of
Thalassiosira bukryi.

Site 845

Diatoms are present throughout the Pleistocene (P, doliolus Zone)
through the uppermost middle Miocene (Subzone B of the C. nico-
barica Zone). Diatom preservation is generally good in the Pleisto-
cene through upper Miocene portion of the sequence, but deteriorates

as one proceeds lower in the sequence. Because of this, the strati-
graphic indicator species were not always observed in samples exam-
ined from the lower sequence at Site 845.

The shipboard biostratigraphy (Mayer, Pisias, Janecek, et al., 1992)
has been substantially revised for Hole 845A, as discussed below. No
revisions were made to the biostratigraphy for Hole 845B. Samples
138-845A-1H-CC through -3H-5, 120 cm, and Sample 138-845B-1H-
CC have been assigned to the P. doliolus Zone, based on the occurrence
of P. doliolus stratigraphically above the LO of N. reinholdii.

Samples 138-845A-3H-6, 120 cm, through -4H-CC contain both
N. reinholdii and P. doliolus and were assigned to the N. reinholdii
Zone. This zone could not be subdivided as R. praebergonii did not
occur consistently in the upper portion of its range at this site. Sam-
ples 138-845A-5H-1, 30 c¢m, through -6H-2, 120 cm, represent the
interval between the FO of P. doliolus and the LO of N. jouseae. This
interval was assigned to the N. marina Zone, as used by Baldauf
(1984), The LO of T. convexa was assigned to Sample 138-845A-5H-
6, 120 ¢cm, and marks the A/B subzonal boundary.

The stratigraphic interval from Samples 138-845A-6H-2, 120 cm,
to -8H-1, 27 cm, represents the total range of N. jouseae. This interval
was assigned to the N. jouseae Zone, as used by Baldauf (1984).
Secondary biostratigraphic markers in this interval include the FO of
Thalassiosira convexa var. convexa in Sample 138-845A-7H-1, 120
cm, and the LO of N. cylindrica in Sample 138-845A-8H-3, 27 cm.

Sample 138-845A-9H-CC contains the first observed specimens
of Thalassiosira convexa var. aspinosa, which defines the base of the
T. convexa Zone. The interval between Sample 138-845A-8H-2, 27
cm, to -9H-4, 120 cm, were assigned to Subzone C of this zone, based
on the LO of Thalassiosira miocenica in Sample 138-845A-9H-4,
120 cm. The Subzonal A/B boundary could not be placed, as T.

111



1.G. BALDAUF, M. IWAI

Table 6. Sample constraints of stratigraphically useful events from western transect Holes 848B through 852D.

Event 2488 848C B48D 8498 849C 849D
T. N. reinholdii 1-CCf2-CC 0/1-CC 1-CCf2-CC 1-CCf2-CC
T. N. fossilis 1-CC2-CC 1-CCf2-CC 1-CC2-CC 3-5,75/4-1,70 2-CC3-CC
T. R. matuyama 3-5,75/4-1,70
B. R. matuyama 4-1, 70/4-3, 80
T. R. praebergoni v. robustus 3-6, 120/3-CC 2-CC/3-CC 2H-CC/3H-CC 5-4,70/5-5, 70 4-CC/5-1,70 4-CCf5-CC
B. P. doliolus 4-1, 120/4-2, 121 3-CC/4-1,40 4H-2, 100/4H-CC 6-3, 15/6-5, 70 5-6, 70/6-CC 5-CC/6-CC
T.T. convexas.l. 4-3, 120/4-4, 121 4-1, 40/4-2, 40 2H-CC/3H-CC 7-3, 60/7-CC 6-CCf7-1,70 6-CC/7-CC
T. N. jouseae 4-4,121/4-5, 121 4-2, 40/ 4-4, 40 8-2, 60/8-4, 60 7-6, 70/7-CC 6-CCf1-CC
B. R. praebergonii s.1. 4-6, 120/4-7, 10 4-4, 40/4-CC 4H-7, 40/4H-CC 9-2, 60/9-4, 60 8-5, T0/8-CC 7-CC/8-CC
F. T. convexa v. convexa 5-1, 120/5-2, 121 11-1,70/11-2, 70 9-CC/10-CC 9-CCNO-CC
B. A. efegans 4-CC/5-4, 121
T. N. cylindrica 54, 121/5-CC 4H-CC/SH-CC 15X-1, 70/15X-3, 70
B. N. jouseae 6-2, 120/6-4, 121 4H-CC/5H-CC 16X-1, 70/16X-3, 70 16X-1, 70/16X-2, 70
B.T. rx-s:rupid'
T. T. miocenica 20X-2, 70/20X-6, 70
T. N. miocenica 7-2, 120/7-CC 6-CC/7-CC 6H-CC/TH-CC 21X-6, 24/21X-CC 20X-CC21X-CC
T. N. miocenica v. elongata 7-5, 120/8-2, 121 6H-CC/TH-CC 21X-6, 24/21X-CC 20X-CC21X-CC
T. T. praeconvexa 7-5, 12048-2, 121 21X-6, 24/21X-CC 20X-CC21X-CC
T.R. prarpa!mcea 8-2, 121/8-3, 121
B. T. miocenica 8-3,121/8-4,70 24X-3, 60/24X-6, 60 23X-CCf24X-CC
B. T. convexa v. aspinosa 8-3, 121/8-4, 70 24X-3, 60/24X-6, 60 23X-CCf24X-CC
B. B. praeconvexa 8-4, 120/8-5, 121 26X-CCR2TX-2,70
T.N. porteri
B. N. miocenica 9-2, 36/9-2, 96 7H-CC/8H-CC 28X-4, 60/28X-5,70 27X-CC28X-CC
T. R. paleacea 9-2,36/9-2, 96 7-CCAR-CC TH-CC/8H-CC
T.T. burckliana 31X-1,70/31X-2,70
B. N. reinholdii 29X-2, 70/29X-5,70
T. A. ellipticus var javanica 29X-1, 70/29X-3,70 28X-CCf29X-CC
T. T. yabei Group 31X-1,70/31X-2, 70 29X-CC/30X-3, 60
B. N. eylindrica 30X-4, 55/30X-5, 70 29X-CC/30X-3, 60
T. C. loeblichii
B. T. burckliana 31X-1,70/31X-2,70
B. C. loeblichii
T. D. simonsenii 32X-5, 70/33X-1, 70 31X-CC32X-CC
T. A. moronensis
T. A. ef.‘:pmus
T. §. jouseana
T. C. coscinodiscus
B. R. paleacea v. elongata
T. C. gigas v. diorama

Notes: T = top or last occurrence of a species, B = bottom or first occurrence of a species, CC = core catcher, and X = extended core barrel. All samples were taken from APC-cored

material unless noted otherwise.

praeconvexa, the subzonal indicator, did not occur consistently at this
site. The interval from Samples 138-845A-10H-CC through -11H-1,
29 cm, was assigned to the Nitzschia porteri Zone. The inconsistent
occurrence of T. praeconvexa similarly did not allow us to place the
A/B subzonal boundary of this zone.

The LO of T. yabei occurs in Sample 138-845A-12H-CC and
marks the base of the N. porteri Zone and the top of the T. yabei Zone.
The base of the T. yabei Zone typically is defined by the LO of A.
moronensis (Barron, 1985a). As previously discussed, this species
has a scattered occurrence in the upper portion of its stratigraphic
range and is not always a useful zonal indicator for the Leg 138 sedi-
ments. We used the LO of D. simonsenii as a secondary indicator for
the base of the T. yabei Zone. This usage is supported by Barron
(1985a), who on the basis of DSDP Leg 85 results, indicated that the
LO of D. simonsenii approximates the LO of A. moronensis. Sample
138-845A-14H-1, 120 cm, was assigned to the base of the T. yabei
Zone using this secondary marker.

Preservation and abundance of diatoms deteriorates in the lower
portion of Hole 845A. Because of this, placement of stratigraphic
indicators was less reliable. The LO of C. coscinodiscus could not be
determined in Hole 845A, but has been placed in Sample 138-845B-
16H-CC. Likewise, the FO of Thalassiosira brunii could not be
placed in either hole. The LO of C. lewisianus, which marks the top
of the C. lewisianus Zone, occurs in the interval between Samples
138-845A-20H-3, 120 cm, and -20H-CC and between Samples 138-
845A-19H-CC and -20H-3, 120 cm.

Cestodiscus peplum occurs in Samples 138-845A-26X-CC
through -29X-CC, which allowed us to assign these samples to the C.
peplum Zone. The A/B subzonal boundary could not be placed. The
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occurrence of C. nicobarica and Crucidenticula kanayae without C.
peplum in Samples 138-845A-30X-CC and -31X-2, 1 cm, suggests
that these samples are equivalent to the C. nicobarica Zone. Diatoms
were not observed below Sample 138-845A-31X-2, 11 cm.

Site 846

The recovered Pleistocene (N. reinholdii Zone) through middle
Miocene (C. lewisianus Zone) sequence generally contains common
and well-preserved diatoms. Revisions to the shipboard diatom bio-
stratigraphy (Mayer, Pisias, Janecek, et al., 1992) were extensive for
the upper 30 cores from Hole 846B and for the 26 cores from Hole
846D. Only minimal changes were made to the shipboard stratigra-
phy for the lower portion of Hole 846B and Holes 846A and 846C.

One core was recovered from Hole 846A. The occurrence of F.
doliolus without N. reinholdii allowed us to assign samples from this
core to be assigned to the P. doliolus Zone. Samples 138-846B-1H-
CC through -3H-3, 70 cm, and Samples 138-846D-1H-CC through
-2H-CC also were assigned to this zone. Samples 138-846B-3H-4, 70
cm, through -7H-CC and Samples 138-846D-3H-CC through -7H-5,
10 cm, were assigned to the N. reinholdii Zone. This zonal assign-
ment is based on the co-occurrence of P. doliolus and N. reinholdii in
these samples.

The interval from Samples 138-846B-7H-CC through -11H-2,
121 cm, represents the interval between the FO of P. doliolus and the
LO of N. jouseae and was assigned to the N. marina Zone. The LO
of T. convexa in Sample 138-846B-8H-5, 120 cm, marks the A/B
subzonal boundary. The consistent occurrence of R. praebergonii at
Site 846 also allowed for recognition of the R. praebergonii Zone,
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Table 6 (continued).
850A 850B 851B 851C 851E 852B 852C 852D
1-CC2-CC 1-2, 80/1-CC 1-CCR2-2,25 1-CCf2-1, 80
1-CC2-CC 1-CCr-cC 2-4,252-6,25 1-Ccr-cc 2-1, 80/2-3, 80 1-2,25/2-2,25 1-CC2-cC 1-CC2-CC
4-3,60/4-4,60 41, 60/4-2,70 3-CC/4-1,25 2-CC/3-CC 2-CC3-CC 2-CC/3-2,25 2-CC/3-CC 2-Ccci3-cC
5-2,60/5-5,60  4-4,70/4-6, 100 4-CC/5-1,75 3-CCi4-CcC 3-CC/4-CC 3-5,25/3-6,25 2-CC/3-CC 2-CC/3-CC
5-6,65/5-7,35  5-6,65/5-7,35 5-1,75/5-3,75 4-CC/5-CC 4-CC/5-2,90 3-CC/4-CC 2-CCA3-CC
5-CCl6-CC 6-1, 80/6-3, 80 5-CC/6-3, 1 4-CC/5-CC 5-4, 90/5-6, 90 3-CC/4-2,25 3-CC/4-2,25  3-CC/4-CC
6-CC/7-CC 6-CC/7-CC 6-3,1/6-5, 1 5-CC/6-CC 6-2, 90/6-6, 90 4-4, 25/4-6, 25 4-CCf5-4, 1
7-4,61/7-CC 7-4, 61/7-CC 7-5,1/7-6, 1 6-CC/7-CC 7-4, 100/7-5, 78 5-2,5/5-4,25 54, 1/5-CC
7-CCR-CC 8-2, 80/8-CC 7-CC/8-CC 4-2,25/4-4, 25
10-CCN 1X-CC 9-CC/10-CC 8-CC/9-CC 9-2,90/9-4, 63 6-4, 120/6-5, 120 5-CC/6-CC 5-CC/6-CC
11X-CC/12X-CC 9.CC/10-CC 8-CCM-CC 9-4, 63/9-5, 141 6-4, 120/6-5, 120 5-CCl6-CC 5-CC/6-CC
7-4,25/8-2, 25
18X-2, 52/18X-3,51  13-CC/14-2,70 12-CCN3-CC 13-CC/14-CC 8-2, 25/8-6, 25 7-CC/8-CC
14-5, 70/14-6, 70 13-CC/14-CC 8-2, 25/8-6, 25
19X-2, 80/19X-3, 80  15-2, 9%0/15-6, 20 §-2, 25/8-6, 25
8-6, 25/9-2, 25
21X-CC/22X-3, 80 15-CC/16X-4, 80 15X-4, 50/15X-CC 9.2, 25/9-3,75
21X-CC/22X-3, 80 15-CC/16X-4, 80 15X-4, 50/15X-CC 8-6, 25/9-2,25
22X-CC/23X-2, 60 16X-CC/17X-CC 15X-CC/16X-CC 8-6, 25/9-2, 25
9.CC/10-2,25
26X-1, 80/26X-2,58  18X-CC/19X-2, 80 17X-CC/18X-CC 9-2,25/9-3,75
26X-2, 60/26X-3, 58  19X-2, 80/19X-3, 80 9-6, 25, 10-2, 25 8-ccp-cc
26X-CCRTX-CC 10-6, 25/11-4, 25 8-ccp-cC
10-2, 25/10-6, 25
27X-6, 62/27X-7,20  20X-CC/21X-CC 9-4,25/10-2, 25 9-CCHO-CC 9-CC/10-CC
28X-1,5/28X-3,23  21X-CCf22X-CC 21X-CCf22X-CC 10-6, 25/11-4, 25 9-CC/10-CC 9-CC/10-CC
28X-3,23/28X-CC  21X-CC22X-CC 21X-CCf22X-CC 10-2, 25/10-6, 25
30X-CC31X-CC 11-4,25/11-6, 25
32X-4, 80/32X-5,86  24X-CC/25X-1, 80 24X-CC/25X-CC

32X-CC33X-1,70 25X-2, 80/25X-7,25

40X-2, 55/40X%-4, 48
31-CC/az-cc

as used by Barron (1985a, 1985b). Samples 138-846B-8H-1, 1235
cm, through -12H-6, 120 cm, and Samples 138-846D-7H-5, 80 cm,
through -11H-CC were assigned to the R. praebergonii Zone. Sam-
ples 138-846B-8H-1, 125 cm, and -8H-4, 20 cm, were assigned to
Subzone C, based on the occurrence of R. praebergonii stratigraphi-
cally below the FO of P. doliolus (Sample 138-846B-7H-CC) and
stratigraphically above the LO of T. convexa (Sample 138-846B-8H-
5, 120 cm). Samples 138-846B-8H-5, 120 cm, through -11H-1, 120
cm, were assigned to Subzone B of this zone on the basis of the
co-occurrence of T. convexa and R. praebergonii without N. jouseae.
Samples 138-846B-11H-2, 120 c¢m, through -12H-6, 120 cm, wear
assigned to Subzone A of this zone, based on the co-occurrence of N.
Jjouseae, T. convexa and R. praebergonii.

The interval from Samples 138-846B-11H-2, 121 cm, through
-19H-CC and Samples 138-846D-11H-1, 120 cm, through -19X-5,
120 cm, represent the total range of N. jouseae at this site and have
been assigned to the N. jouseae Zone, as used by Baldauf (1984).
Samples 138-846B-20H-1, 120 ¢m, through -25X-5, 70 cm, and
Samples 138-846D-19H-6, 30 cm, through -24X-CC were placed in
the T. convexa Zone. Samples 138-845B-20H-1, 120 cm, through
-22X-4, 120 cm, were assigned to Subzone C, which consists of the
interval between the FO of N. jouseae and the LO of T. miocenica,
and Samples 138-846B-22H-5, 120 c¢m, through -23X-CC were as-
signed to Subzone B. The occurrence of T. praeconvexa, N. mio-
cenica, T. miocenica, T. convexa, and N. miocenica var. elongata
allowed us to assign Samples 138-846B-24X-CC through -25X-5, 70
cm, to Subzone A of the T. convexa Zone. Samples 138-846B-25X-
CC through -27X-6, 50 cm, and Samples 138-846D-25X-CC and

-26X-CC were assigned to the N. miocenica Zone, based on the
occurrence of N. miocenica without T. convexa.

The interval from Samples 138-846B-27X-CC through -30X-1,
30 c¢m, has been assigned to the N. porteri Zone. The LO of T. yabei
group in Sample 138-846B-30X-1, 22 cm, marks the top of the 7.
vabei Zone. Here, the T. yabei group consists of the plicate forms of
Thalassiosira (i.e., T. vabei, T. plicatus). The base of the T. yabei Zone
only tentatively has been placed, as the marker species, A. moronen-
sis, is scattered in the upper part of its range at this site. Sample
138-846B-32X-2, 60 cm, approximates the base of this zone. Place-
ment of the zonal boundary at a depth equivalent to this sample is
supported by the abundant occurrence of the secondary indicator D.
simonsenii in this sample.

Assignment of samples to the C. coscinodiscus, C. gigas var.
diorama, and C. lewisianus zones was similar to that of the shipboard
biostratigraphy. Samples 138-846B-34X-CC through -36X-5, 103
cm, were placed in the C. coscinodiscus Zone. Samples 138-846B-
36-CC through -38X-1, 90 cm, were assigned to the C. gigas var.
diorama Zone, and Samples 138-846B-38X-5, 41 cm, and the lower
portion of Core 138-846B-38X are equivalent to the C. lewisianus
Zone. Diatoms were not observed in samples examined below Core
138-846B-38X.

Site 847
The Pleistocene (N. reinholdii Zone) through uppermost Miocene

(T. convexa Zone) sequence generally contains few-to-common, well-
preserved diatoms, Minimal changes to the shipboard biostratigraphy
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Table 7. Depth constraints of stratigraphically useful events from western transect Holes 848B through 852D.

Event R48B H4EB R48C B48C 48D R48D 8498 8498 849C 849C 849D 849D 850A BS0A
{mbsf) top bottom lop hottom lop hottom op hottom lop bottom top bottom top bottom

T. N veinholdif 2.23 12.27 0 547 8.64 20.23 8.36 2297 7.68 16.74
T. N. fossilis 2.23 12.3 5.47 17.7 .64 2023 229§ 264 2297 32.79 7.68 16.74
T. R matuyama 22.95 264
B. R. mertuyenna 264 29.5
T. R. prachergonii 20.5 21.73 17.7 2806 2023 3051 404 419 37.83 39.7 41.48 51.9 30.3 3.8
B. P. doliolus 2253 M0 28.06 2846 325 3076 4781 51.7 47.3 49.03 51.9 6092 383 428
T. T. comvexa 2553 27.03 28.46 30,16 57.8 6426 49.03 S8.7 60.92 7093 4435 4555
T. N. jouseae 27.03 2883 016 33.65 65.8 68.8 65.7 68.03 60,92 7093 4621 55.81
B. R. praehergonii 3003 3042 33.65 3882 394 3976 753 78.3 74.3 7744 70.93 79.2 5581 65.22
F. T2 comvexa v. comvexa il9 334 92.49 94.1 86.58 96.62 89.76 99.05 6511 70.11
B. A, elegans 3117 in42 65.22 T4.76
T. N. exlindrica 3642 40.53 39.76 5075 131 134
B. N. jonseuae 431 a6.1 39.76 5075 1407 143.7 145.3 146.7
B. T. oestrupii
T. T. miovenica 179.9 185.9
T. N. mivcenica 524 59.77 59.88 T0.81  a6l4 71.87 195.04 196.61 191.7 201.14
T. N. mivecenica v. elongaia 569 619 614 TL87  195.04 196.61 191.7 201.14
T. T. praeconvexa 56.9 61.9 T0.81 195,04 196.61 191.7 201.14
T. R. praepalecced 619 634
B. T niiocenica 634 64 219.0 2244 220.86  230.56
B. T convexa 634 644 2199 2244 220,86 230.56
B. T pracconvexa 65 66.5 242 247.5
T. N. porteri
B. N. mivcenica 70,56 7115 71.87 82.92 260.1 262.3 25927 26844
T. R. paleacea 70.58 7115 70.81 81.41 71.87 §2.92
T. T, burckliona 284.6 286.1
B. N. reinhofdii 270.8 275.3

A. ellipticus v. javanicus 269.3 2723 26844 27844

T. vabei 2846 286.1 27844  2RR.07

N. evlindrica 308.25 300.0 27844 28B.07

C. loeblichii

T. burckliana 284.6 286.1

C. loeblichii

D. husredrii 295.8 308.25 297.7 307.49

AL moronensiy

A, ellipticus

S, Jourseanc

C. cosvinedisens

. R, puleacea v. elongara
L. wipas v, diorama

e e b e e e h e

MNotes: T = top or last occurrence of a species, B = bottom or first occurrence of a species, and CC = core catcher sample. All samples are taken from APC-cored material unless noted

otherwise.

(Mayer, Pisias, Janecek, et al., 1992) were completed. Samples exam-
ined from Core IH of each hole contains P. doliolus without N.
reinholdii. Because of this, these cores were placed in the P. doliolus
Zone. Samples 138-847B-2H-6, 70 ¢cm, through -7H-5, 60 c¢m, 138-
847C-3H through -6H-CC and -847D-3H-CC through -6H-CC were
assigned to the N. reinholdii Zone. This zonal assignment was based
on the co-occurrence of P. doliolus and N. reinholdii. The consistent
occurrence of R. praebergonii in samples from this site allowed us to
recognize the LO of R. praebergonii and the A/B subzonal boundary
in Samples 138-847B-6H-4, 60 cm; -847C-5H-CC; and -847D-6H-
CC, as used by Barron (1985a, 1985b).

Samples 138-847B-7H-5, 60 cm, through -10H-2, 60 cm, represent
the interval between the FO of P. doliolus and the LO of N. jouseae and
were assigned to the N. marina Zone of Baldauf (1984). The consistent
occurrence of R. praebergonii at this site also allowed for usage of the
R. praebergonii Zone, as used by Barron (1985a, 1985B), and permit-
ted assignment of Samples 138-847B-7TH-6, 60 ¢cm, through -10H-CC;
138-847C-7TH-CC through -10H-2, 148 c¢m; and 138-847D-7H-CC
through -10H-CC to the R. praebergonii Zone. Samples 138-847B-
7H-6, 60 cm, through -8H-6, 60 c¢cm, were assigned to Subzone C,
based on the occurrence of R. praebergonii stratigraphically below the
FO of P. doliolus (Sample 138-847B-7H-5, 60 cm) and stratigraphi-
cally above the LO of T. convexa (Sample 138-847B-8H-CC). Sam-
ples 138-847B-8H-CC through -9H-CC were assigned to Subzone B
of this zone, based on the co-occurrence of 7. convexa and R. praeber-
gonii without N. jouseae. Samples 138-847B-10H-2, 60 cm, through
-10H-CC were assigned to Subzone A, based on the co-occurrence of
N. jouseae, T. convexa, and R. praebergonii.
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Samples 138-847B-10H-2, 60 cm, through -18H-2, 90 cm; 138-
847C-10H-CC through -17X-CC; and 138-847D-10-4, 120 cm,
through -12H-CC were assigned to the N. jouseae Zone, as used by
Baldauf (1984) on the basis of the consistent occurrence of N. jouseae
stratigraphically throughout this sequence. Samples from the remain-
ing portion of Holes 847B and 847C were assigned to the Thalassio-
sira convexa Zone. The LO of T. praeconvexa in Samples 138-
847B-23X-1, 60 cm, and -847C-21X-5, 50 cm, marks the A/B sub-
zonal boundary of this zone.

Site 848

The Pleistocene (N. reinholdii Zone) through upper Miocene
(Nitzschia porteri Zone) sequence contains common and well-
preserved diatoms. The shipboard biostratigraphy (Mayer, Pisias,
Janecek, et al., 1992) was completed at a spacing of 1.5 m. Because
of this, this stratigraphy was not refined onshore. Thus individual
events are shown in Tables 6-8, but the reader is referred to Mayer,
Pisias, Janecek, et al. (1992) for a detailed discussion of the biostra-
tigraphy for this site. A brief summary of the biostratigraphy places
samples from Cores 138-848B-1H and -1H in the P. doliolus Zone.
The interval from Samples 138-848B-2H-CC through -4H-1, 120 cm;
138-848C-2H-CC through -3H-CC; and 138-848D-2H-CC through
-4H-2, 100 cm, were assigned to the N. reinholdii Zone. Samples
138-848B-4H-2, 121 cm, through -4H-4, 121 cm; 138-844C4H-1, 40
cm, through -4H-2, 40 cm, represent the interval from the FO of P
doliolus to the LO of N. jouseae and were assigned to the N. marina
Zone. The interval representing the total range of N. jouseae includes
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Table 7 (continued).
850B 850B 851B 851B 851C 851C 851E 851E
top bottom top bottom top bottom top bottom
5.3 12.78 7.58 9.25 9.86 10.3
12.74 2215 12.25 15.25 11.82 12166 10.3 13.3
322 339 27.1 26,75 21.86 3144 19.19 29.06
357 38 36.41 36.75 44 4118 29.06 38.55
48.65 49.85 36.75 39.75 41.18 49.22 38.55 404
51.3 54.3 45.89 48.51 41.18 49.22 434 46.4
60.6 70.11 48.51 51.51 49.22 59.99 49.9 514
65.1 70.11 61.01 62.51 59.99  69.39 62.5 63.78
718 79.59 65.04 74.54
98.49 106.9 84.14 93.46 7859  87.93 784 81.1
106.9 17 84.14 93.46 78.59  87.93 81.13 8341
151.2 152.7 103.01 112.64 97.23  107.58
167.02 168.51 122.19 123.7 117,15 126.62  124.06 133.68
128.2 129.7 126,62 136.14
176.5 177 133.4 138.7
203.15 206.9 140.89 145.8 138 141.94
203.15 206.9 140.89 145.9 138 141.94
21283 214.9 150 159.87 141.94 147.13
2424 2439 169.49 180.7 154.75 164.4
2439 24598 171.7 173.2
251.49 260.79
259.1 260.18 188.93 197.14
260.75 263.93 197.14  207.29 190.11 199.68
26393  270.62 197.14  207.29 190.11 199.68
289.57 299.34
3045 306.06 226.56 22721 221.47 230.98
308.22 309.6 228.7 23475
37845 381.38
29396  302.94

Samples 138-848B-4H-5, 121 cm, through -6H-2, 120 cm. This inter-
val was assigned to the N. jouseae Zone of Baldauf (1984).

Samples 138-848B-6H-4, 120 cm, through -8H-3, 120 cm; 138-
848C-6H-CC and -7H-CC; and 138-848D-4H-CC were placed in the
T. convexa Zone, Samples 138-848B-8H-4, 70 cm, through -9H-2, 36
cm, and 138-848D-8H-CC were assigned to the N. miocenica Zone,
based on the occurrence of N. miocenica without T. convexa var.
aspinosa. Preservation of diatoms in the interval equivalent to and
stratigraphically below the N. porteri Zone (Cores 138-848B-10H
through -11H, 138-848C-8H through -9H, and 138-848D-10H) was
generally poor to moderate. No zonal assignments for this interval
was possible.

Site 849

A Pleistocene (N. reinholdii Zone) to upper Miocene (Actinocyclus
moronensis Zone) sequence was recovered having well-preserved dia-
toms that were consistently present. The shipboard biostratigraphy
(Mayer, Pisias, Janecek, et al., 1992) for Hole 849B was substantially
revised and is presented below. The biostratigraphy for Holes 849C
and 849D has not been adjusted.

The biostratigraphic constraints for diatom events from Hole 849B
are shown in Tables 6 through 8. Although the LO of N. reinholdii
could not be determined, the LO of Nitzschia fossilis in Sample 138-
849B-4H-1, 70 cm, indicates that the LO of N. reinholdii should
stratigraphically occur above this sample.

The co-occurrence of P. doliolus and N. reinholdii in samples from
Cores 138-849D-4H through -6H-3, 15 cm, allowed us to assign these

samples to the N. reinholdii Zone. The LO of R. praebergonii, which
marks the A/B subzone, was placed in Sample 138-849D-5H-5, 70
cm. The interval from the FO of P. doliolus in Sample 138-849D-6H-
3, 15 cm, to the LO of N. jouseae in Sample 138-849D-8H-4, 60 cm,
was assigned to the N. marina Zone. The occurrence of R. praeber-
gonii is scattered at this site, placing into question its stratigraphic
reliability. The LO of T. convexa was placed in Sample 138-849D-
7TH-CC and marks the A/B subzonal boundary.

The N. jouseae Zone extends from Sample 138-849D-8H-4, 60
cm, through Sample 138-849D-16H-1, 70 cm. Within this interval,
the FO of T. convexa var. convexa was placed in Sample 138-849D-
11H-1, 70 cm, and the LO of N. ¢ylindrica was placed in Sample
138-849D-15H-3, 70 cm.

The FO of T. convexa var. aspinosa in Sample 138-849D-24X-3,
60 cm, allowed us to assign the interval from Sample 139-849D-16H-
1,70 ¢m, through -24X-3, 60 cm, to the 7. convexa Zone. The subzonal
indicators permitted subdivision of this zone. The LO of T. miocenica,
which marks the B/C boundary, and the LO of T. praeconvexa, which
marks the A/B boundary, occur in the lowermost portion of Core
138-849D-21X. The LO of T. miocenica was placed in Sample 138-
849D-21X-6, 24 c¢m, and the LO of T. praeconvexa was placed in
Sample 138-849D-21X-CC.

The N. miocenica Zone extends from the base of the T. convexa
Zone (Sample 138-849D-24X-3, 60 cm) to the FO of N. miocenica in
Sample 138-849D-28X-4, 60 cm. The FO of T. praeconvexa is unre-
liable at this site; thus, we were unable to place the A/B subzonal
boundary. The LO of T. yabei was placed in Sample 138-849D-31X-
2, 70 ¢cm, and marks the base of the N. porteri Zone. Within this zone,
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Table 8. Depth constraints of stratigraphically useful events from western transect Holes 848B through 852D.

Event 848B 848B 848C B48C 848D 848D 849B 849B 840C 849C 849D 849D 850A 850A
(med) top bottom  top  bottom top bottom top bottom top bottom top bottom top  bottom
T. N. reinholdii 243 15.07 0 547 8.44 18.28 8.36 22,97 7.68  18.28
T. N. fossilis 242 15.07 547 15.45 8.44 18.28 15.63 19.9 2297 32.79 7.68 18.28
T. R. matuyama
B. R. matuyama
T. R. praebergoni 2445 2568 1545 25.06 18.28 27.81 404 434 37.83 49.03 4148 519 333 348
B. P. doliolus 26.88 2838 2506 249 299 3716 47.81 51.7 49.03 574 51.9 60.92 42.1 46.6
T. T. convexa 29.88 3138 249 259 18.28 27.81 578 64.26 574 68.03 60.92 70.93 48.15 4935
T. N. jouseae 31.38 3288 259 2719 65.8 68.8 574 68.03 60.92 70.93 50.01  61.56
B. R. praebergonii 34.38 477 279 34.57 37 37.16 75.3 78.3 60.03 7744 70,93 79.2 61.56 7257
F. T. convexa v. convexa 37.55 39.05 92.49 94.1 86.58 96.62 89.76 99.05 7246  72.57
B. A. elegans 35.52 42.05 72.57 83.76
T. N. eylindrica 42.05 46.18 37.16 46.75
B.N. _,a'ouseae 58.57 61.57 37.16 46,75 1407 149,53 144.41 154.2
B. T oestrupit
T. T. miocenica
T. N. miocenica 59.1 6647 53 63.06 564 65.07 187.16 196.61 191.7 201.14
T. N. miocenica v. elongata 63.6 69.35 56.4 65.07 187.16 196.61 191.7 201.14
T. T. praeconvexa 63.6 69.35 187.16 196.61 191.7 201.14
T.R. praepa.'ea( ea 69.35 70.85 22086 230.56
B. T. miocenica 70.85 71.85 219.9 2244 220.86  230.56
B.T. convexa 70.85 T1.85 219.9 224.4
B. B. praeconvexa 72.35 73.85 242 2475 25927  268.44
T.N. porteri 26844 27844
B. N. miocenica 80.16 80.75 65.07 7542 269.78 275.08 27844  288.07
T. R. paleacea 80.16 80.75 63.06 72.31 65.07 75.42 278.44 288.07
B. N. reinholdii 2977 307.49
T. A. ellipticus v. javanicus 264.68  274.38
B. N. marina
B. N. evlindrica 308.25 3090.9
T.T. yabei 308.25 309.9
T. C. loeblichii
B. T. burckliana
B. T. burcklina
B. C. loeblichii
T. D. hustedtii 295.8 308.25
T. A. moronensis
T. A, ellipticus
T. 8. jouseana
T. C. coscinodiscus
B. R. paleacea v. elongata
T. C. gigas v. diorama

Note: T = top or last occurrence of a species, B = bottom or first occurrence of a species. Determined by Mayer, Pisias, Janecek, et al. (1992).

N. reinholdii has an FO in Sample 138-849D-29X-5, 70 cm, and T.
burckliana has an LO in Sample 138-849D-31X-1, 70 cm,

The remaining portion of the hole was assigned to the T. yabei
Zone, based on the occurrence of T. yabei above the occurrence of
A. moronensis. However, note that the scattered occurrence of A, mor-
onensis at this site reduced its usefulness as a stratigraphic marker.
Similar to other sites, we used the LO of D, simonsenii as an indicator
for the base of this zone. Using this criterion, the lower portion of the
hole approximates the base of the T. vabei as the LO of D. simonsenii
was placed in Sample 138-849D-33X-1, 70 cm.

Site 850

Pleistocene (N. reinholdii Zone) to upper middle Miocene (Craspe-
dodiscus coscinodiscus Zone) sediment was recognized. Few changes
were made to the shipboard biostratigraphy for Hole 850B, discussed
in Mayer, Pisias, Janecek, et al. (1992). No change was made to
the stratigraphy of Hole 850A. The zonal boundaries were placed
as follows.

The LO of N. reinholdii in Sample 138-850B-1H-CC allowed us
to place Core 1H in the P. doliolus Zone. The FO of P. doliolus, which
marks the base of the N. reinholdii Zone, was placed in Sample
138-850B-4H-4, 70 ¢cm. Within this zone, the LO of R. praebergonii
has been tentatively placed in Sample 138-850B-4H-2, 70 cm, allow-
ing us to place the A/B subzonal boundary in this sample. The N.
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marina Zone extends from the FO of P. doliolus to the LO of N.
Jouseae. The LO of N. jouseae was placed in Sample 138-850B-6H-3,
80 ¢m. The A/B subzonal boundary is defined at the LO of 7" convexa,
which was placed in Sample 138-850B-5H-7, 35 cm.

The FO of N. jouseae, which marks the base of the N. jouseae
Zone was placed in Sample 138-850B-11X-CC. Within this interval,
the FO of T. convexa var. convexa was placed in Sample 138-850B-
7H-4, 61 cm, and the LO of N. eylindrica was placed in Sample
138-850B-11X-CC. The FO of T. convexa in Sample 138-850B-21X-
CC allowed us to place Samples 138-850B-12X-CC through -21X-
CC into the T. convexa Zone. The FO of T. miocenica, a secondary
indicator for the base of this zone, also occurs in Sample 138-850B-
21X-CC. The C/B subzonal boundary, based on the LO of T. mio-
cenica was not defined. The B/A subzonal boundary based on the LO
of T. praeconvexa was placed in Sample 138-850B-19X-3, 80 cm.

The N. miocenica Zone is defined as the interval between the FO
of T. convexa and the FO of N. miocenica. This later species has an FO
in Sample 138-850B-26X-1, 80 cm, allowing for placement of the
interval from Samples 138-850B-22X-3, 80 cm, through -26X-1, 80
cm, in this zone. The FO of T. praeconvexa in Sample 138-850B-22X-
CC allowed us to place the A/B subzonal boundary in this sample.

The LO of Thalassiosira yabei in Sample 138-850B-28X-3, 23
cm, allowed for placement of the interval from Samples 138-850B-
26X-2, 60 cm, through -28X-3, 23 cm, in the N. porteri Zone. The
A/B subzonal boundary, defined as the LO of T. burckliana, was
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Table 8 (continued).
850B 850B 851B 851B 851C 851C BSIE  85IE 852B 852B 852C 852C 852D 852D
top bottom top bottom top bottom top bottom top bottom op bottom top bottom
53 1278 7.58 19.52 986 138 29 7.4
14.68 24.05 7.58 19.52 15.32 21.86 138 19.8 29 7.4 6.08 16.88 10.97 121.84
36.55 38.05 31.25 328 25.86 37.49 2269 3326 204 26.4 16.88 26,53  21.84 31.14
40.01 424 328 35.5 37.49 48.03 3326 4474 204 264 16.88 26.53  21.84 3114
476 49.1 43.05 46.05 48,03 57.72 44.75 472 26.4 28.6 26.53 36.31 21.84 3114
56.58 583 52.19 56.36 48.03 51.72 50.2 53.2 28.6 33 26.53 36.31
67.25 69.25 56.36 59.36 57.72 68.69 57.6 62.4 36.31 42,51
79.55 87.34 69.46 70.96 68.69 78.99 711 72.38 42.95 47.45 4251 48.08
73.49 844
106.24 114,65 94,54 105.41 89.09 10023 8945 92,18 57.55 58.6 48.08 59.13 53 64.1
114.65 12475 94,54 105.41 89.09 10023 92,18  94.46 57.55 58.6 48.08 59.13 53 64.1
158.95 160.45
116.16 127.64 11033 12224 11843 12247
174.77 176.26 137.99 140.85 13315 14372 14036 150.38 73.85 78.35 68.73 79.84
145.35 146.86 14372 15454 68.73 79.84
18425 18475 151.75 157.05
2109 214.65 159.24 164.55 1544  158.34
2109 214.65 159.24 164.55 1544 15834
220.58  222.65 168.55 183.37 15834  167.93
250.15  253.73 197.94 201.45 178.25  192.1 82.15 87.65 7984 9078
251.65 253,73 201.45 202,95 85.92
266.85  267.93 224.88 236.49 96.1 97.6 90.78 102,04 97.13
267.93  268.54
269.29  271.77 236.49 246.64 23148 24358 103.6 104.4
271.77 278.01 236.49 246.64 231.48 24358 103.6 104.4 90.78 102.04 97.13
297,32 307.09
31225 31381 272.66 276.3 268.17  280.08 117.3 119
31597 31735 277.8 284.85
386.2 389.13 35236 352.36-363.19

placed in Sample 138-850B-27X-CC. The FO of N. cylindrica occurs
in Sample 138-850B-28X-3, 23 c¢m, and consistently occurs at an
interval equivalent to the LO of T. yabei.

Sample 138-850B-33X-1, 70 cm, contains specimens of A. moro-
nensis. Because of the scattered occurrence of this species in the top
of its range, this occurrence permitted only tentative placement of the
base of the T. yabei Zone. As at previous Leg 138 holes, the LO of D.
simonsenii was used as a secondary indicator for this boundary. In
Hole 850B, the LO of D. simonsenii was placed in Sample 138-850B-
32X-5, 86 cm, slightly above the LO of A. meronenisis. The Subzone
A/B boundary was placed in Sample 138-850B-30X-CC, based on
the placement of the FO of T. burckliana in this sample. The base of
the A. moronensis Zone was placed in Sample 138-850B-40X-4, 48
cm, at the LO of C. coscinodiscus.

Site 851

Pleistocene (N. reinholdii Zone) to uppermost middle Miocene (C.
coscinodiscus Zone) sediment was recovered at this site. Few changes
to placement of the Hole 85 1B zonal boundaries, previously completed
aboard the ship (Mayer, Pisias, Janecek, et al., 1992) were made.

The FO of N. reinholdii in Sample 138-851B-2H-2, 25 cm, de-
fines the base of the P. doliolus Zone and the FO of P. doliolus in
Sample 138-851B-4H-CC, which marks the base of the N. reinholdii
Zone. The LO of R. praebergonii has been tentatively placed in
Sample 138-851B-4H-1, 25 cm, allowing us to place the A/B sub-

zonal boundary in this sample. The N. marina Zone extends from the
FO of P. doliolus in Sample 138-851B-4H-CC to the LO of N. jouseae
in Sample 138-851B-6H-3, 1 cm. The A/B subzonal boundary de-
fined at the LO of 7. convexa was placed in Sample 138-851B-5H-3,
75 cm.

The FO of N. jouseae defines the base of the N. jouseae Zone in
Sample 138-851B-9H-CC. Within this interval, the FO of T. convexa
var. convexa was placed in Sample 138-851B-7H-5, 1 cm, and the LO
of N. eylindrica was placed in Sample 138-851B-10H-CC. Thalassio-
sira convexa var. aspinosa has an FO in Sample 138-851B-15H-CC,
allowing for the base of the T. convexa Zone equivalent to this sample,
The N. miocenica zone is defined as the interval between the FO of T.
convexa and the FO of N. miocenica. The FO of N. miocenica was
placed in Sample 138-851B-18X-CC, allowing placement of the inter-
val from Samples 138-851B-16X-4, 80 cm, to -18X-CC in this zone.
The FO of T. praeconvexa in Sample 138-851B-16H-CC permitting
us to place the A/B subzonal boundary in this sample.

The interval from Samples 138-851B-19X-2, 80 cm, through
-22X-CC was assigned to the N. porteri Zone. The subzonal A/B
boundary was not determined. Sample 138-851B-25X-7, 25 cm, con-
tains the LO of A. moronensis and was assigned to the lowermost
portion of the A. moronensis Zone. However, because of the unreli-
able occurrence of A. moronensis, we placed this boundary at the LO
of D. simonsenii in Sample 138-851B-25X-1, 80 cm. The LO of C.
coscinodiscus in Sample 138-851B-32HX-CC suggests that this sam-
ple is at least equivalent to or older than the C. coscinodiscus Zone.
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Figure 3. Correlation of primary and secondary stratigraphic markers used in this study. Events have been calibrated to the
geochronology of Cande and Kent (1992). L = last occurrence, F = first occurrence.

Site 852

The stratigraphic sequence recovered consists of Pleistocene (N.
reinholdii Zone) to uppermost middle Miocene (7. vabei Zone) sedi-
ments. The shipboard biostratigraphy discussed in Mayer, Pisias,
Janecek, et al. (1992) has been extensively revised as follows.

The LO of N. reinholdii is not well constrained at this site because
of the scattered occurrence of this species in the uppermost portion of
the stratigraphic sequence. The LO of Nitzschia fossilis in Sample
138-852B-2H-2, 25 cm, and the occurrence of R. praebergonii in
Sample 138-852B-3H-2, 25 cm, indicates that these samples are
equivalent to the N. reinholdii Zone. The FO of P. doliolus in Sample
138-852B-3H-5, 25 cm, permits placement this sample in the P
doliolus Zone. The N. marina Zone extends from the FO of P. doliolus
to the LO of N. jouseae. The interval from Samples 138-852B-3H-5,
25 cm, to -4H-2, 25 cm, was assigned to this zone. The FO of N.
Jjouseae, which marks the base of the N. jouseae Zone, was placed in
Sample 138-852B-6H-4. 120 cm. Within this interval, the FO of T.
convexa var. convexa was placed in Sample 138-852B-5H-2, 5 cm,
and the LO of N. eylindrica was placed in Sample 138-852B-6H-5,
120 em. The FO of T. convexa in Sample 138-852B-8H-6, 25 c¢m,
suggesting that this sample approximates the base of the T. convexa
Zone. The LO of N. miocenica in Sample 138-852B-7TH-4, 25 cm,
marks the B/C subzonal boundary. The FO of T. praeconvexa in
Sample 8H-2, 25 cm, marks the A/B subzonal boundary.

Samples 138-852B-8H-6, 25 cm, to -19H-2, 25 cm, represent the
interval from the FO of T. convexa var. aspinosa to the FO of N.
miocenica and were placed in the N. miocenica Zone. The FO of T
praeconvexa also in Sample 138-852B-8H-6. 25 cm (i.e., equivalent
to the placement of the FO of T. convexa) results from both the sample

118

interval and the low sedimentation rates at this site. The LO of 7. yabei
in Sample 138-852B-11H-4, 25 cm, allowed us to assign the interval
from Samples 138-852B-9H-3, 75 cm, through -11H-4, 25 ¢m, to the
N. porteri Zone. The subzonal A/B boundary was placed in Sample
138-852B-11H-4, 25 cm. The FO of N. ¢ylindrica occurs in Sample
138-852B-10H-2, 25 ¢cm. The occurrence of T. burckliana in Sample
138-852B-11H-4, 25 cm, suggests that this sample approximates the
lower portion of Subzone B of the T. yabei Zone.

DISCUSSION

The recovery of both a well-preserved diatom assemblage and
paleomagnetic stratigraphies from Sites 844, 845, 848, 851, and 852
allowed us to evaluate the correlation of specific diatom events to the
paleomagnetic record. The good quality magnetostratigraphy and
reasonable sample spacing (generally less than 1.5 m) allowed us to
complete such correlations for about the last 6 m.y. Variability of the
magnetostratigraphy and/or poor stratigraphic constraint limits such
correlations for that part of the stratigraphic sequence older than 6
m.y. Correlations of specific diatom biostratigraphic events with the
magnetostratigraphy of Schneider et al. (this volume) were completed
for Sites 844 (Fig. 4), 845 (Figs. 5 and 6), Site 848 (Fig. 7), Site 851
(Fig. 8), and Site 852 (Fig. 9). Only those events that presently are
considered reliable have been discussed below. The number of each
event corresponds to that used in the tables.

1. LO Nitzschia reinholdii. This event has been widely used as a
primary stratigraphic indicator for the low latitudes and to a lesser
degree in the middle and high latitudes. The LO of N. reinholdii (i.e.,
N. reinholdii of Barron and Baldauf, 1986) in the low latitudes has
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Figure 5 (continued).

been correlated by Burckle (1977, 1978), Barron (1985a, 1985b), and
Baldauf (1985; among other researchers) with the lowermost portion
of the Brunhes Chron (Cln of Cande and Kent, 1992) and has an
estimated age of 0.65 Ma (also 0.65 Ma using Cande and Kent, 1992;
see Table 2). In the middle latitude Pacific (Koizumi and Tanimura,
1985), North Atlantic (Baldauf, 1984 and 1987), and the Indian

Ocean (Schrader, 1974), the LO of N. reinholdii has been calibrated
to the middle to upper portion of the Brunhes Chron (Cln of Cande
and Kent, 1992). However, Mikkelsen (1990) correlated the LO of N.
reinholdii with the uppermost part of the Matuyama Chron (Cln.1n)
approximately and assigned an estimated age of 0.9 Ma (1.0 Ma using
Cande and Kent, 1992). This approximates the last continuous occur-
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Figure 6. Calibration of selected events to the magnetostratigraphic results of
Schneider (this volume) for Hole 845B. Event: 7 = FO of R. praebergonii: 8
= LO of T. convexa; 11 = FO of N. jouseae; 10 = LO of N. cylindrica; 12 =
LO of T. eestrupii group; 13 = LO of T. miocenica; 14 = LO of N. miocenica;
23 = FO of N. eylindrica.

rence of N. reinholdii at several of the Leg 138 sites. Age estimates
for this event by these authors range between 0.44 and 0.9 Ma (0.4-
1.0 Ma using Cande and Kent, 1992).

The stratigraphic range of N. reinholdii is sometimes scattered in
the upper half of its range in the Leg 138 sediments. This is especially
true at Sites 844, 849, and 850. This event is well constrained in Holes
845A,846B, 851B, and 851E. Atthese latter sites, areliable magneto-
stratigraphy occurs only at Site 851. In both Holes 851B and 851E,
the LO of N. reinholdii correlates with the lower portion of Cln (Fig.
8) and has an age estimate of between 0.46 and 0.57 Ma in Hole 851B
and an age of between 0.66 and 0.69 Ma in Hole 851E.

2. LO Nitzschia fossilis. This event has been noted by numerous
researchers to approximate the LO of the silicoflagellate Mesocena
quadrangula (Barron, 1985a, 1985b; Baldauf, 1984, 1985). A similar
correspondence can be seen at the Leg 138 sites. The LO of N. fossilis
has been correlated by Barron (1980) to approximate the top of the
Jaramillo Subchron (equivalent to Cln.In) with an approximate age
of 0.85 Ma (0.92 Ma using Cande and Kent, 1992). At ODP Site 710
in the Indian Ocean, Mikkelsen (1990) reported that the LO of N.
JSossilis lies in the upper part of the Matuyama Chron. In the northwest
Pacific (Koizumi and Tanimura, 1985) and in the North Atlantic
(Baldauf, 1984), this event correlates with the lowermost portion of
the Brunhes Chron (equivalent to Cln), indicating that this event is
diachronous between various oceanographic regions.

The LO of N. fossilis is constrained in Holes 845B, 846B, 851C,
and 851E. The reliable magnetostratigraphy in holes from Site 851
(Fig. 8) allowed for direct comparisons between this event and the
magnetostratigraphy. The LO of N. fossilis correlates with the lower-
most portion of Cln to the upper portion of Clnln (midway between
Cln and Cln.1n). This event has an estimated age of between 0.78
and 0.85 Ma in Hole 851C and an age of between 0.68 and (.88 Ma
in Hole 851E. This event clearly is useful as a secondary indicator in
the eastern equatorial Pacific.

3. LORhizosolenia praebergonii. The LO of R. praebergonii was
correlated by Burckle and Trainer (1979) and Barron (1985a) with an
interval just above the Olduvai Subchron (equivalent to C2n) having
an estimated age of 1.55 Ma (1.64 Ma using Cande and Kent, 1992).
Koizumi and Tanimura (1985) correlated this event with the lower
portion of the Matuyama Chron and assigned an age of 2.4 to 2.5 Ma.
Baldauf (1984) indicated that R. praebergonii had a scattered strati-
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graphic occurrence in the North Atlantic, suggesting that this event is
stratigraphically useful only regionally.

The LO of R. praebergonii is well constrained in Holes 846B,
847B, 847C, 849B, 849C, 851B, and 852B. Paleomagnetic control
for these holes is well constrained in Holes 852B (Fig. 9). In Hole
852B, the LO of R. preabergonii approximates the top of C2n and has
an estimated age of between 1.64 and 1.75 Ma. This age estimate is
similar to those previously determined for this event in the eastern
equatorial Pacific.

4. FO Pseudoeunotia doliolus. This event in the low latitude
Pacific has been calibrated with the middle of the Olduvai Subchron
(C2n) by Burckle (1972, 1977) and Barron (1985a). An age of 1.80
Ma (1.90 Ma using Cande and Kent, 1992) was assigned to this event
by these authors. Several previous authors also have indicated that
this event may be diachronous between the low and middle latitudes,
with age estimates that range between 1.8 and 2.0 Ma (1.9-2.1 Ma
using Cande and Kent, 1992) in the northwest Pacific (Koizumi and
Tanimura, 1985).

The FO of P. doliolus is well constrained at Sites 848, 851, and
852, where this event correlates to an interval directly above Chron
C2An.In (Figs. 7, 8, and 9). The FO of P. doliolus has an age of
between 2.15 and 2.21 Ma at Site 851 and an age of between 2.12 and
2.24 Ma at Site 852. The age of 1.95 to 2.02 Ma for this event at Site
848 is less reliable because of uncertainty in the placement of the
magnetic events.

5. LO Thalassiosira convexa. Burckle (1978) calibrated this
event to the lower portion of the Matuyama Subchron (equivalent to
lower portion of C2n) and assigned an age of 2.10 Ma (using Cande
and Kent, this calibration has an age of 2.21 Ma) for this event in the
equatorial Pacific. An equivalent age was determined by Baldauf
(1985) and Barron (1985a) also for the equatorial Pacific region. This
event has been best constrained at Site 851 (Fig. 9), where it correlates
to an interval directly above Chron 2An. 1n. At this site, this event has
an estimated age of 2.35 Ma. Note that this event also correlates to the
magnetostratigraphy at Site 844 (Fig. 4). However, the sampling
constraint at this site is coarser. At Site 844, this event is older and
occurs in C2An. In through C3n.3n. This older correlation reflects an
inconsistent occurrence of the species at Site 844. This event also was
recognized at Site 848 (Fig. 7), but a poor magnetic record precluded
age estimates.

6. LO Nitzschia jouseae. This event is well constrained at Sites 851
(Fig. 8) and 852 (Fig. 9). At Site 851, this event correlates to the middle
portion of C2An.1n and has an age of 2.75 to 2.80 Ma. At Site 852, this
event correlates with the uppermost portion of C2An.In and has an
estimated age of 2.60 to 2.75 Ma. This slightly younger age at Site 852
may reflect misplacement of the top of C2An.1n as a result of a coring
gap (see Fig. 9). The ages of this event derived from this study approxi-
mate those from previous studies. Koizumi and Tanimura (1985) as-
signed an age of 2.48 to 2.58 Ma (equivalent to about 2.6-2.7 Ma using
Cande and Kent, 1992) to this event. Likewise, Barron (1985a) as-
signed an age of 2.6 Ma (2.73 Ma using Cande and Kent, 1992).

7. FO Rhizosolenia praebergonii. The FO of this species is well
constrained at Sites 851 and 852. At these sites, this event correlates
with an interval representing the lowermost portion of C2An. In to the
uppermost portion of C2An.2n. The estimated age of this event is
3.0 to 3.15 Ma. This age in comparable to that of Burckle (1978)
and Barron (1985a) for the equatorial Pacific region. Koizumi and
Tanimura (1985) indicated that R. praebergonii has a shorter duration
at the mid-latitude Pacific (DSDP Hole 580) of about 300 k.y. com-
pared to its longer duration (about 1.5 Ma occurrence) in the lower
latitudes. The brief occurrence of R. praebergonii was interpreted by
Koizumi and Tanimura (1985) to represent incursion of this species
into the middle latitudes during warm events. This was also implied
by its scattered occurrence in the high latitudes of the North Atlantic
during the latest Pliocene (see Baldauf, 1984, 1987). This event is
well constrained at Site 848 (Fig. 7). Here, the FO of R. praebergonii
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approximates the upper portion of the interval between C3n.1n and
C3n.2n. An age of 4.2 Ma was estimated for this event at this site.

8. FO Thalassiosira convexa var. convexa. The FO of this variety
is well documented for use in the eastern equatorial Pacific (see
Burckle, 1978; Burckle and Trainer, 1979: Barron, 1985a; and
Baldauf, 1985) and equatorial Indian Ocean (Schrader, 1974). This
event was calibrated to the upper Gilbert (lower C2An-upper C3n)
by Burckle (1978). An age estimate of 3.6 Ma (3.75 Ma, using Cande
and Kent, 1992) was determined by Burckle and Trainer (1979) and
Barron (1985a).
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The FO of T. convexa var. convexa is well constrained strati-
graphically at numerous Leg 138 sites (Sites 846 through 851). Un-
fortunately, direct correlation with a reliable magnetostratigraphy
occurs in Holes 845A (Figs. 5 and 6) and 852B (Fig. 9). In Hole 845A,
this event correlates with the middle to upper portion of C2An and has
an estimated age 3.64 to 3.79 Ma. The correlation of this event with
the magnetostratigraphy in Hole 852B is less constrained. In Hole
852B, this event correlates with most of the interval representing
C2An, The age of this event in Hole 852B is between 3.63 to 3.88 Ma.
These age constraints are in agreement with the estimated age of 3.6
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Ma (3.75 Ma using Cande and Kent, 1992), assigned by Burckle and
Trainer (1979) and Barron (1985a).

9. FO Asteromphalus elegans. Although this species occurs through-
out the low latitudes of the world oceans, the stratigraphic occurrence
of this species is poorly constrained. The stratigraphic continuity of
this event is best known in the eastern equatorial Pacific (Burckle,
1978; Barron, 1985a, 1985b). In this region, Burckle (1978) calibrated
this event to event a’ of the Gilbert Chron (C3n.1n) and assigned an
estimated age of 3.9 Ma (4.06 Ma, using Cande and Kent, 1992).
Baldauf (1984, 1987) noted the occurrence of this species in the middle
latitude North Atlantic, but noted that this species had a scattered and
inconsistent stratigraphic occurrence.

The occurrence of this species in the Leg 138 sediments is scat-
tered, resulting in this event being reasonably constrained only in
Holes 848B and 851C. However, the paleomagnetic stratigraphy for
these stratigraphic intervals is unreliable (see Fig. 7). In Hole 851C,
the FO of Asteromphalus elegans approximates C3n.1n, suggesting
an age somewhat similar to that determined by Burckle (1978), but
additional samples are necessary to constrain this event further,

10. LO Nitzschia eylindrica. The LO of N. cylindrica is a useful
secondary stratigraphic indicator for the equatorial Pacific (Burckle,
1978; Barron, 1985a, 1985b), the low to middle latitudes of the North
Atlantic (Baldauf, 1984, 1987; Baldauf and Pokras, 1990), and the
low latitudes of the Indian Ocean (Schrader, 1974). Burckle (1978)
calibrated this event to event ¢’ of the Gilbert Chron (C3n.3n) in the
eastern equatorial Pacific. Both Burckle (1978) and Barron (1985a)
assigned an age of 4.3 Ma (4.5 Ma, using Cande and Kent, 1992) to
this event in the eastern equatorial Pacific.

The LO of N. eylindrica is constrained in the Leg 138 sediments
at Sites 846 through 849, 851, and 852. Calibration of the Leg 138
magnetostratigraphy is completed in Holes 845B (Fig. 5), 848B (Fig.
7),and 852B (Fig. 9). However, the magnetostratigraphy is somewhat
in question for Holes 848B and 852B. In Hole 845A, this event
approximates the interval from the base of C3n.3n to the uppermost
portion of C3n.4n. This event has an estimated age at this site of
between 4.48 and 4.75 Ma. In Hole 852B, this event correlates with
the uppermost portion of C3n.4n and has an tentative age of 4,82 to
4.9 Ma, slightly older than that derived by Burckle (1978). In Hole
848B, this event has a correlation similar to that in Hole 852B.
However, the paleomagnetic stratigraphy above and below this event
is poorly defined making these latter correlations questionable.

I1. FO Nitzschia jouseae. This event is well documented for
use through the warm water sphere, including the equatorial Pacific
(Burckle, 1972 1977, 1978; Barron, 1985a, 1985b; Baldauf, 1985;
Sancetta, 1984). In the middle latitudes of the North Atlantic, this
event was recognized and determined to be stratigraphically useful by
Baldauf (1984, 1987). Baldauf and Pokras (1990) also recognized the
usefulness of this event in the low-latitude eastern Atlantic. The LO
of N. jouseae has also been used as a zonal indicator in the Indian
Ocean (Schrader, 1974). Burckle (1978) calibrated this event to the ¢’
event of the Gilbert (C3n.3n) and assigned it an age of 4.5 Ma (4.73
Ma, using Cande and Kent, 1992).

This event has been stratigraphically constrained at Sites 844
through 850 and Sites 851 and 852, Paleomagnetic stratigraphy al-
lows correlation of this event to the magnetostratigraphy (Schneider
et al., this volume) for Holes 845B (Fig. 5) and 852B (Fig. 9). The FO
of N. jouseae approximates the LO of N. evlindrica in both of these
holes. In Hole 852B, the sample constraints are identical for both of
these events. In Hole 845B, the FO of N. jouseae and the LO of N.
cylindrica are observed in the same sample (138-845B-8H-2, 27 cm).
The only difference is that the other constraining samples occur over
a 2-m interval,

This event approximates the upper portion of C3n.4n at Site 852
and occurs in an interval associated with C3n.3n-C3n.4n at Site 845.
Age estimates for this event range between 4.75 and 4.82 and between
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4.56 and 4.7 Ma. These ages approximate the earlier calibration of
Burckle (1978), who estimated an age of 4.5 Ma (4.75 Ma, using
Cande and Kent) for this event.

12. FO Thalassiosira eestrupii group. Burckle (1978), Barron
(1983a), and Baldauf (1985) discussed the stratigraphic usefulness of
this event as a secondary stratigraphic marker for the eastern equato-
rial Pacific. Barron (1981) actually defined a Thalassiosira oestrupii
Zone with the base of this zone defined by the FO of T. oestrupii. This
zone was used for the middle latitude Pacific. A somewhat similar
zone was developed for use in the southern ocean by Baldauf and
Barron (1991). T. eestrupii also has been shown to be stratigraphi-
cally useful in the Indian Ocean (Schrader 1974) and the North
Atlantic (Baldauf 1984, 1987; Baldauf and Pokras, 1990).

The FO of T. oestrupii has been calibrated to an interval just above
Chron 5 (C3An) by Burckle (1978). Barron (1981) suggested that this
event approximated the lowermost reversed interval of the Gilbert
Chron (lower C3n) and had estimated an age of 5.1 Ma (5.42 Ma,
using Cande and Kent, 1992). In the southern ocean, Baldauf and
Barron (1991) also assigned an age of 5.1 Ma (5.42 Ma, using Cande
and Kent, 1992) for this event. Note that Bodén (1992) recently com-
pleted a detailed taxonomic analysis of several forms of Thalassio-
sira. In doing so, he defined several new species, some of which were
most likely grouped into T. vestrupii by previous researchers. In the
Leg 138 sediments, we grouped various forms of Thalassiosira into
the T. oestrupii group.

The FO of T. oestrupii group was observed in Holes 845A, 846B,
and 846D. The paleomagnetics for Hole 845A suggest that the FO of
this event approximates the middle portion of C3n and has an age of
between 5.38 and 5.46 Ma. This age estimate is tentative, as this event
occurs over an interval that represents a coring gap.

13. LO Thalassiosira miocenica. This event was used as a sec-
ondary stratigraphic indicator in the eastern equatorial Pacific by
Burckle (1972, 1977, 1978), Barron (1985a, 1985b), and Baldauf
(1985). This event also was recognized as being useful in the middle
latitude North Atlantic (Baldauf 1984, 1987) and Indian Ocean
(Schrader, 1974). The LO of T. miocenica approximates the FO of T.
oestrupii and the T. oestrupii group and was calibrated to the lower-
most Gilbert Chron (C3n) by Burckle (1978). This event has an
estimated age of 5.1 Ma (5.42 Ma, using Cande and Kent, 1992).

The LO of T. miocenica is recorded and well constrained at Sites
845 through 847, 849, 850, and 852. Hole 845B (Fig. 5) has the most
reliable magnetostratigraphy for correlation. At this site, this event
was calibrated with the lowermost portion of C3n to the uppermost
portion of C3An.In in this hole and has an age of between 5.63 and
5.73 Ma. The slightly older age for this event compared to that of
Burckle (1978) may result from the constraints of the paleomagnetic
stratigraphy in the upper portion of Core 138-845B-9H (see Fig. 6).

14. LO Nitzschia miocenica. Similar to most of the other events
discussed above, the LO of N. miocenica has been used as a strati-
graphic marker in the low-latitude Pacific, the low- to middle-latitude
North Atlantic, and the low-latitude Indian Ocean (Burckle, 1972,
1977, 1978; Barron, 1985a, 1985b: Baldauf, 1984, 1985, 1987;
Schrader, 1974). In addition, this species was observed in the extreme
southern latitudes of the Indian Ocean in the Kerguelen Plateau region
and appeared to have a similar stratigraphic range as those determined
elsewhere (Baldauf and Barron, 1991). In the eastern equatorial Pa-
cific, Baldauf (1985) quantitatively determined that the last abundant
occurrence of this species was at 5.6 Ma (6.00 Ma, using Cande and
Kent, 1992), about 0.1 Ma prior to the LO of this species.

Although this event has been determined at Sites 844 through 846,
849, 850, and 852, the combined biostratigraphy and magnetostratig-
raphy can be correlated in Holes 845B and 852B. In Hole 845B, this
event correlates with the lowermost portion of C3An. 1n and the upper-
most portion of the reversed interval between C3An.In and C3An.2n.
An age estimate cannot be calculated as the base of C3An.2n is uncer-



tain in this hole. The LO of N. miocenica has a similar correlation in
Hole 852B; however, the placement of the base of C3An.2n also is
uncertain in this hole.

Stratigraphic events that occur in sediments older than those that
contain the LO of N. miocenica are less tightly constrained either by
the sampling interval, preservation, or by the uncertainty in the mag-
netostratigraphic record. As such, these are not discussed here.

16. LO Thalassiosira praeconvexa. This event marks the
Subzone A/B boundary of the Thalassiosira convexa Zone, as used
by Burckle (1977), Barron (1985a, 1985b), and Baldauf and Iwai (this
study). This event has been recognized throughout the low-latitude
Pacific (Barron, 1985a, 1985b) the low- and middle-latitude North
Atlantic (Baldauf, 1984, 1987), and the southern portion of the Indian
Ocean (Baldauf and Barron, 1991). Burckle (1978) calibrated this
event to paleomagnetic Chron C3An.2n and assigned an age of 5.8
Ma (6.25 Ma, using Cande and Kent, 1992).

This event was identified at Leg 138 Sites 844 and 846 through
851 and has been calibrated at Site 844 to an interval equivalent to the
uppermost portion of paleomagnetic Chron C3An.2n to the lower-
most portion of C3An.1n (Fig. 3). Based on this correlation, this event
has an estimated age of 6.15 Ma at Site 844 (Fig. 3).

18. FO Thalassiosira convexa. Burckle (1972), Barron (1985a,
1985b), and Baldauf (1984, 1987), among others, have used this event
to mark the base of the T. convexa Zone. Although Schrader (1974)
recorded T. convexa in samples from DSDP Site 238 in the Indian
Ocean, Schrader preferred to use the FO of T. miocenica to mark the
base of his Zone 15. Barron (1985a, 1985b) and Baldauf (1984, 1987)
indicated that the FO of T. miocenica and T. convexa var. aspinosa are
contemporaneous, and any difference in the stratigraphic placement of
these events is a result of difference in species concepts.

Burckle (1978) calibrated the FO of T. convexa to paleomagnetic
Chron C3An.2n and assigned an age of 6.1 Ma (6.54 Ma, using Cande
and Kent, 1992). This event is recorded at Sites 844 through 846 and
848 through 851. At Site 844, this event correlates with the interval
equivalent to the lower portion of paleomagnetic event C3An.2n to the
upper portion of C3An.2n. An estimated age of 6.15 to 6.42 Ma was
calculated for this event at Site 844, based on sampling constraints.

20. FO Nitzschia miocenica. Burckle (1972, 1977), Barron
(1985a, 1985b), and Baldauf and Iwai (this study) used this event to
mark the base of the N. miocenica Zone. This event also is stratigraphi-
cally useful in the low-latitude Indian Ocean and has been used to mark
the base of Zone 17 (Schrader, 1974). This event was not recognized
in the middle- to high-latitude North Atlantic as N. miocenica has a scat-
tered occurrence in this region (Baldauf, 1984, 1987). Barron (1992)
calibrated this event to paleomagnetic event C4n.1n and assigned an
estimated age of 6.75 Ma (7.33 Ma, using Cande and Kent, 1992).

This event is recorded at Sites 844, 845, and 848 through 851.
Although present sample constraints are broad, this event at Site 844
correlates with an interval that represents the lower portion of paleo-
magnetic event C3Bn.1n to the upper portion of C4n.1n and has an
age of between 6.89 and 7.32 Ma.

21. LO Rossiella paleacea This event was used as a secondary
marker species by Burckle (1978), by Barron (1985a, 1985b) for the
eastern equatorial Pacific, and as a primary stratigraphic indicator by
Schrader (1974) for the Indian Ocean. Burckle (1978) correlated this
event to paleomagnetic event C4n.In and assigned it an age of 6.8 Ma
(7.40 Ma, using Cande and Kent, 1991). R. paleacea has occurred
consistently throughout Sites 844, 848 and 850. Sample constraints for
this event at Site 844 are similar to those for the FO of N. miocenica.
Because of this, this event at Site 844 has an age constraint of 6.89 to
7.32 Ma.

22. FO Nitzschia reinholdii. N. reinholdii Kanaya ex Barron and
Baldauf (1986) is a secondary stratigraphic marker that is useful in
the low-latitude Pacific. Although this event can also be recognized
in the North Atlantic and elsewhere, reliable calibration to a paleo-
magnetostratigraphy has been limited. Barron (1985a) assigned an
age of 7.3 Ma (7.94 Ma, using Cande and Kent, 1992) for this event.
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This event was observed at Sites 844 and 849. At Site 844, this
event correlates with an interval that represents the lower portion of
paleomagnetic event C4n.In to the upper portion of C4n.2n and has
an age older than 7.32 Ma. The lower age constraint cannot be directly
correlated with the magnetostratigraphy at Site 844,

CONCLUSIONS

Leg 138 provided a unique opportunity to examine the diatom
assemblages from numerous near-continuous stratigraphic sequences
from the eastern equatorial Pacific Ocean. Results of this study show
that the standard diatom zonation of Barron (1985a, 1985b), for the
most part, has been useful throughout this region. The somewhat
inconsistent occurrence of Rhizosolenia praebergonii in Leg 138
samples required that the Rhizosolenia praebergonii and Nitzschia
jouseae zones (as used by Barron, 1985a) be replaced by the Nitzschia
marina and Nitzschia jouseae zones, as discussed by Baldauf (1984).

The near-continuous stratigraphic sequences and the excellent
paleomagnetostratigraphy from several of the Leg 138 sites also
allowed us to reevaluate previous age determinations for most of the
Quaternary through upper Miocene diatom biostratigraphic events. In
doing so, the age estimates determined here approximate those previ-
ously determined, once the previous ages were adjusted to Cande and
Kent’s chronology (1992).
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