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tus in the Pliocene (Barron, 1995), both robust species are indicative
of coastal upwelling along the California margin. Takahashi (1986)
studied seasonal fluxes of pelagic diatoms at station PAPA (50°N,
145°W, water depth 4200 m). He noted that C. marginatus is appar-
ently adapted to a high nutrient supply and a quite large range of op-
timal temperature (5°–13°C) for high flux. The taxon maintains a
consistent level of fluxes even outside the major peak in November
and December, suggesting a relatively high level of tolerance to vary-
ing environmental conditions. Consequently, C. marginatus is con-
sidered to be an indicator of autumn/winter conditions as well as a
probable cool-transitional to subarctic form.

Barron (1995) arranged the two kinds of diatom temperature in-
dexes reconstructing warmer surface-water temperatures of the mid-
Pliocene more than at the recent northwest Pacific. He presented that
extended transition zone characterizing the middle-to-high latitude
North Pacific, and C. marginatus was less frequent in mid-Pliocene

surface waters to the north of the transition zone, in the same manner
as in the modern North Pacific. Presumably, abundant C. marginatus
and high sediment accumulation rates along the California margin are
indicative of high productivity caused by coastal upwelling. C. mar-
ginatus, however, is robust and is indicative of concentration by dis-
solution. Burckle et al. (1992) noted the possibility that a number of
C. marginatus are enhanced in selected samples by increased dissolu-
tion of more delicate taxa, and Barron (1995) also regarded that higher
(>40%) relative abundances of C. marginatus may be the result of dis-
solution. Proboscia barboi has less data than C. marginatus, but their
diatom valves are heavily silicified in fossil assemblages. Proboscia
barboi, then, is expected to offer similar features in both thanato-
coenosis and sea-surface community.

Age vs. depth plots provide data on changes in sedimentation
rates in the sequence. A clear upward reduction in sedimentation
rates is shown by all microfossil datums in the late middle Miocene

Table 6. Distribution and relative abundances of diatoms, Hole 1014A.

Notes: Abundance: A = abundant, C = common, F = few, R = rare, and T = trace. Preservation: M = moderate, and P = poor. For complete definition of terms, see “Techniques” section
of this chapter. † = no sample. 
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167-1014A-
1H-CC 3.10 0.00 3.10 T P T T T F T
2H-CC 12.60 0.65 13.25 T P T T T T

NPD 12 3H-CC 22.10 1.16 23.26 T P T T T T T
4H-CC 31.60 1.31 32.91 T P T T T
5H-CC 41.40 1.60 43.00 T P

to 6H-CC 50.60 2.97 53.57 R P T T T T T T T T T
7X-CC 54.30 3.00 57.30 T P T T T

Quaternary 8X-CC 64.00 2.67 66.67 T P T T T
NPD 11 9X-CC 73.80 2.03 75.83 T P T T

10X-CC 83.50 2.31 85.81 T P T T T T T
11X-CC 93.10 1.91 95.01 T P T T T
12X-CC 102.80 2.21 105.01 T P T T T T T T
13X-CC 112.40 1.96 114.36 T P T T T T T
14X-CC 122.00 0.12 122.12 T P T T T T T T R T
15X-CC 131.60 –3.64 127.96 T P T T T T T T
16X-CC 141.20 –7.00 134.20 R P T T T T T T

NPD 10 17X-CC 150.80 –4.74 146.06 T P T T T
18X-CC 160.40 –3.87 156.53 T P T T T T T T
19X-CC 170.00 –3.87 166.13 T P T T T T
20X-CC 179.60 –4.56 175.04 R P Coastal T T T T T T T T T T A T T T
21X-CC 189.20 –4.56 184.64 T P T T T T T

to 22X-CC 198.80 –4.49 194.31 A M Coastal R R R A R
23X-CC 208.40 –4.49 203.91 R P T T T T T T T T
24X-CC 218.00 –6.60 211.40 C P R R R R R R R

late 25X-CC 223.50 –6.60 216.90 R P T T T C T T T T
Pliocene 26X-CC 227.70 –6.60 221.10 R P T T T T T T T

NPD 9 27X-CC 237.30 –6.60 230.70 T P T T T T T
28X-CC 246.90 –6.60 240.30 T P T T T T T T T T
29X-CC 250.10 –6.60 243.50 T P T T T T T T
30X-CC 256.60 –6.60 250.00 R P T T T C T T T
31X-CC 266.20 –6.60 259.60 T P T T T T

to 32X-CC 275.80 –6.60 269.20 F P R R R R R R R
33X-CC 285.50 –6.60 278.90 R P T T T T T T T T
34X-CC 295.10 –6.60 288.50 R P T T T T T T T T
35X-CC 304.80 –6.60 298.20 T P T T T T T T T T
36X-CC 314.40 –6.60 307.80 T P T T T T T T T T

NPD 8 37X-CC 324.10 –6.60 317.50 R P T T T T T T
38X-CC 333.70 –6.60 327.10 T P T T T T T T T T T
39X-CC 343.40 –6.60 336.80 R P T T T T F T T T
40X-CC 353.00 –6.60 346.40 T P T T T T T T
41X-CC 362.60 –6.60 356.00 T P T T T T T

to 42X-CC 372.20 –6.60 365.60 T P T T T T T
43X-CC 381.80 –6.60 375.20 †

early 44X-CC 391.00 –6.60 384.40 R P T T T T T T T T
Pliocene 45X-CC 401.00 –6.60 394.40 R P T T T T T T T T T T

46X-CC 410.50 –6.60 403.90 R P T T T T T T
NPD 7? 47X-CC 420.50 –6.60 413.90 R P T T T T T T T

48X-CC 429.80 –6.60 423.20 R P T T T T T T T T
49X-CC 439.40 –6.60 432.80 R P T T T T T T T T
50X-CC 449.00 –6.60 442.40 R P T T T T T T T
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at ~12 Ma, responding to the weakening of oceanic upwelling. The
floras indicate a severe reduction in upwelling near the end of the
middle Miocene, then late Miocene diatoms provide a great insight
into the characteristics of assemblages associated with occasional
coastal upwelling. Common and continuous occurrences of Coscino-
discus marginatus at Site 1010 might show manifest evidence of
coastal upwelling in the warmer transition zone. During parts of the
late Miocene through Pliocene, diatoms indicate a greater influence
of temperate warm waters, because the scarcity of such cold-water
genera as Neodenticula and Thalassiosira makes the interpretation of
the North Pacific zonation quite impossible.

Site 1011

Site 1011 is the landward site of the Baja Transect, which crosses
the California Current at ~30°N. The sedimentary sequence recov-
ered from the five holes cored at Site 1011 in Animal Basin consists

of an apparently continuous 281.5-m-thick interval of upper Miocene
to Quaternary sediments, with no hiatuses. Dominant cold-water spe-
cies of planktonic foraminifers, diatom, and radiolarian assemblages
exhibit evidence of strong upwelling conditions during the late Mio-
cene. The predominance of temperate foraminiferal species in early
late Pliocene through early Pleistocene assemblages, and rare occur-
rences of diatoms and radiolarians, indicate warm-temperate to cool-
subtropical conditions with a weakening of the upwelling system.
Diagenetic sulfate reduction in these highly organic-rich sediments
caused the dissolution of fine-grained magnetic minerals, which pre-
vented the establishment of a magnetostratigraphy.

Above 146.5 mbsf in all holes, throughout the late early Pliocene
to Quaternary, diatoms are rare to barren, and large quantities of clay,
clastic material, and calcareous nannofossils continuously dominate
the lithostratigraphic succession. This is underlain by a 64-m-thick
sequence of late late Miocene to early Pliocene age, which is charac-
terized by rare and sporadic diatoms and radiolarians as well as gen-

Table 6 (continued). 
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167-1014A-
1H-CC 3.10 0.00 3.10 T P T R C
2H-CC 12.60 0.65 13.25 T P T T T F

NPD 12 3H-CC 22.10 1.16 23.26 T P T T C
4H-CC 31.60 1.31 32.91 T P C
5H-CC 41.40 1.60 43.00 T P T C

to 6H-CC 50.60 2.97 53.57 R P T T T T T T R
7X-CC 54.30 3.00 57.30 T P T T T T T F

Quaternary 8X-CC 64.00 2.67 66.67 T P T T F
NPD 11 9X-CC 73.80 2.03 75.83 T P T T F

10X-CC 83.50 2.31 85.81 T P T T T T T
11X-CC 93.10 1.91 95.01 T P T T F
12X-CC 102.80 2.21 105.01 T P T T T F
13X-CC 112.40 1.96 114.36 T P T F
14X-CC 122.00 0.12 122.12 T P T T T
15X-CC 131.60 –3.64 127.96 T P T T T R
16X-CC 141.20 –7.00 134.20 R P T T T T T C

NPD 10 17X-CC 150.80 –4.74 146.06 T P T T R T A
18X-CC 160.40 –3.87 156.53 T P T T R
19X-CC 170.00 –3.87 166.13 T P T T T
20X-CC 179.60 –4.56 175.04 R P Coastal T T A T T T R
21X-CC 189.20 –4.56 184.64 T P T A

to 22X-CC 198.80 –4.49 194.31 A M Coastal R R A R C
23X-CC 208.40 –4.49 203.91 R P T T T T T F
24X-CC 218.00 –6.60 211.40 C P R T R C

late 25X-CC 223.50 –6.60 216.90 R P F T T T T T T T T C C
Pliocene 26X-CC 227.70 –6.60 221.10 R P T T T T T

NPD 9 27X-CC 237.30 –6.60 230.70 T P T T T T T C
28X-CC 246.90 –6.60 240.30 T P T T C
29X-CC 250.10 –6.60 243.50 T P T T T T T C
30X-CC 256.60 –6.60 250.00 R P T T F T T R T C
31X-CC 266.20 –6.60 259.60 T P T T T T R

to 32X-CC 275.80 –6.60 269.20 F P T R R R R R C
33X-CC 285.50 –6.60 278.90 R P T T T T T T T T R
34X-CC 295.10 –6.60 288.50 R P T T T T T T T T R
35X-CC 304.80 –6.60 298.20 T P T T C
36X-CC 314.40 –6.60 307.80 T P T T T T C

NPD 8 37X-CC 324.10 –6.60 317.50 R P T T T T T R
38X-CC 333.70 –6.60 327.10 T P T T R
39X-CC 343.40 –6.60 336.80 R P T T T T T T T T T T T R
40X-CC 353.00 –6.60 346.40 T P T T R
41X-CC 362.60 –6.60 356.00 T P T T R

to 42X-CC 372.20 –6.60 365.60 T P T T T T T R
43X-CC 381.80 –6.60 375.20 †

early 44X-CC 391.00 –6.60 384.40 R P T T T T C
Pliocene 45X-CC 401.00 –6.60 394.40 R P T T T T T C

46X-CC 410.50 –6.60 403.90 R P T T C
NPD 7? 47X-CC 420.50 –6.60 413.90 R P T T F

48X-CC 429.80 –6.60 423.20 R P T T T T
49X-CC 439.40 –6.60 432.80 R P T C
50X-CC 449.00 –6.60 442.40 R P T T F


