
Laminated Diatomaceous Sediments from the Guaymas Basin 

Slope (Central Gulf of California): 250,000-Year Climate Record 

Abstract. During Deep Sea Drilling Project-International Program of Ocean Drill- 
ing leg 64, December 1978 to January 1979, the initial test of the Deep Sea Drilling 
Project's hydraulic piston corer obtained an almost undisturbed section from a 152- 
meter hole into the sediments of the oxygen minimum zone at a depth of 655 meters 
along the Guaymas slope in the central Gulf of California. The section records varia- 
tions in climate, productivity, and circulation for more than 250,000 years of Late 
Pleistocene to Holocene history with recordings of seasonal variations in these pa- 
rameters in the laminated sections. 

Rhythmically laminated marine sedi- 
ments are rare, but they occur in areas 
where there is a seasonal sediment flux 
and the bottom waters are depleted in 
oxygen to an extent which prevents an 
infauna to churn the seasonal signal (1, 
2). Such sediments record critical, high- 
resolution information on paleoclimatic 
and paleoceanographic variation (2, 3). 
Revelle (4), Byrne and Emery (5), and 
Calvert (6) have described short gravity 
cores from the slopes of the Guaymas 
Basin in the Gulf of California revealing 
the presence of varve-like rhythmites of 
muddy diatomaceous ooze. The varve 
mechanism in the central Gulf is still de- 
bated, but it involves the interaction of 
the seasonal deposition of terrigenous 
material and of the products of coastal 
upwelling phases. Leg 64 of the Deep 
Sea Drilling Project (DSDP) returned to 
this oxygen minimum area for site 480 
(water depth, 655 m) (Fig. 1) to success- 
fully test the newly developed Serocki- 
Storms-Cameron hydraulic piston corer 
(HPC) (7). The climatic record contained 
in this unique core collection will doubt- 
lessly prompt further research. Our pres- 
ent description is intended as a guideline 
to the quality, extent, and limitations of 
the sediment record. 

Two alternating sediment types, dis- 
tinguished by primary sedimentary struc- 
ture, occur. The section (Fig. 2) is divided 
almost equally between (i) zones com- 
prising rhythmically laminated couplets 
of light, pale olive diatom ooze and 
darker, moderate olive brown muddy 
diatomaceous ooze and (ii) zones of ho- 
mogeneous diatomaceous muds to ooze. 
In addition, there are sporadic sand 
layers, turbidites, phosphatic concre- 
tions, fish debris, an ash layer, and a 
dolomitic mudstone. The sediments con- 
tain signals from both marine productiv- 
ity (diatoms, Radiolaria, nannofossils, 
benthic and planktic Foraminifera, di- 
noflagellates, fish scales and organic car- 
bon) and continental influences (terrige- 
nous clays, silts and sands, pollen, plant 
debris, and organic carbon). The water 
content decreases from 85 percent in the 
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first core to about 65 percent by core 3 
(10 m), which suggests that the top of the 
core is very near the sediment-water in- 
terface. Cores below the level of core 19 
(90 m) are flaky and crumbly if thin slices 
are cut because of abundant fibrous dia- 
tom frustules (Chaetoceros bristles, Tha- 
lassionema and Thalassiothrix species). 

Laminated zones (Fig. 2). Rhythmite 
couplets are mixtures of biogenic and 
terrigenous components. The pale olive, 
light lamina is generally a nearly pure 
diatom ooze with 70 to 80 percent dia- 
toms and 15 to 25 percent terrigenous 
clay. The dark lamina is a moderate olive 
brown muddy diatomaceous ooze with 
45 to 60 percent terrigenous clay and 15 
to 45 percent diatom frustules. Some 
laminae have up to 10 percent nannofos- 
sils (in cores 3, 4, 14, 15, and 29) along 
with variable amounts of other marine 
microfossils. Laminae are of variable 
thicknesses, mostly submillimeter, and 
either the light or the dark lamina may be 
thicker (8). 
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Homogeneous zones (Fig. 2). Homo- 
geneous zones consist of moderate olive 
gray diatomaceous mud to muddy ooze. 
The lack of sedimentary structure is 
characteristic, but the sediments also 
have fewer diatoms (10 to 40 percent) 
than the bulk laminites and more abun- 
dant benthic Foraminifera and cal- 
careous nannofossils (10 to 15 percent). 
Terrigenous clay (40 to 60 percent) in- 
cludes quartz (6 to 10 percent) and feld- 
spars, mainly plagioclase (5 to 12 per- 
cent). Pyrite is a ubiquitous minor con- 
stituent, commonly as framboids within 
complete diatom frustules. 

There is no evidence, such as basal 
sands or subtle grading, that homoge- 
neous sections are redeposited sedi- 
ments. We interpret these zones to re- 
flect times with a less pronounced oxy- 
gen minimum zone in which the bottom 
conditions could support both an epi- 
fauna and a limited infauna. Typically, 
the lower contact of a thicker homoge- 
neous section is gradational wheieas the 
upper contact is frequently abrupt. Some 
zones could be variously interpreted as 
either layered or burrowed and disturbed. 
Fuzzily laminated patches were cross- 
cut discordantly with homogeneous 
brownish diatom muds. These muds do 
not appear to be injections from the cor- 
ing process, because the transition to 
laminations is abrupt, without deforma- 
tion or signs of fracture. Instead, we in- 
terpret these transition zones to be bur- 
rowing pathways from large animals 
such as crabs or mollusks. Typically 
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Fig. 1. Location of conventionally drilled site 479 and HPC site 480 in the central Gulf of Cali- 
fornia, Guaymas Basin. Depth contours are in fathoms (1 fathom = 6 feet). 
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they occur near the lower contact of a 
homogeneous zone which would be ex- 
pected if an epifauna reappeared after 
more oxygenated conditions were re- 
stored on the sea floor. Such zones in- 
dicate that portions of the homogeneous 
sections may originally have been lami- 
nated and later bioturbated while other 
portions were continuously churned by 
infauna during sedimentation. A charac- 
teristic of the laminated zones which 
may have been later burrowed by larger 
animals is that they contain significantly 
fewer benthic Foraminifera. 

Events. Interruptions within the rhyth- 
mically laminated portion are uncom- 
mon. Sands with minor wood and shell 
fragments occur at the base of scattered 
thin, graded turbidites. A few medium 
gray, well-sorted sand-to-silt intercala- 
tions occur in cores 13 (64 m) and 20 (97 
m). Their composition is typical of the 
Sonora province (9). They do not show 
grading, and the upper and lower con- 
tacts are sharp. In core 21 (101 m) a 55- 
cm-thick multilayered series of 17 cyclic, 
thin (1 to 3 cm), graded beds (mini- 
turbidites) occurs just below a hard dolo- 
mitic mudstone 10 cm thick; all are with- 
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in a predominantly homogeneous zone. 
In core 24 (115 m) there was no recov- 
ery, but driller's records indicate a hard 
layer, thought to be another dolomitic 
bed. We suggest that those portions of 
hole 480 with sandy intercalations are re- 
lated to minimum stands of sea level. We 
correlated these intervals to the dolomit- 
ic and sandy layers with similar inter- 
calations in hole 479 (7), which was con- 
ventionally cored to a depth of 440 m 
subbottom only 6 km away (Fig. 1). 

Varve formation. The Guaymas Basin 
at present is noted for high organic pro- 
ductivity (4, 10), particularly by diatoms 
associated with coastal upwelling trig- 
gered by northwesterly winds during the 
dry season (January through May). A 
pale olive lamina with an excellently pre- 
served upwelling (11) diatom assemblage 
is thus produced. Upwelling along the 
Guaymas slope ceases during the rainy 
season (July through September) when 
winds come from the southeast (12) and 
terrigenous material is washed into the 
area from the Yaqui or other Sonoran 
rivers to form a dark lamina with a mod- 
erately well preserved oceanic (11) dia- 
tom assemblage. This mode of dark and 
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1-2, 100 to 150 cm 

Pseudoeunotia doliolus, Roperia tesse- 
lata, Chaetoceros radicans floods 

3- 3-2, 80 to 105 cm 

3-3, 0 to 20 cm, 45 to 50 cm 
Common Coscinodiscus marginatus 

8CC 

9CC 

Common Coscinodiscus marginatus 

(Wash) 

- 14CC 

- 16CC 
Floods of Coscinodiscus asterom- 

phalus in white laminae 

19CC - Sand 

____ . . Dolomite 
::::.:.:. Miniturbidites 

:.... I:.... 

29CC 

Floods of Coscinodiscus nodulifer 
in white laminae 

Fig. 2. Site log of HPC site 
480. Column 1, depth in me- 
ters; column 2, core numbers; 
column 3, recovery record 
(black intervals, recovered 
material; white intervals, not 
recovered material); column 4, 
simplified lithology, DSDP 
standard symbols; column 5, 
simplified textural interpreta- 
tion; column 6, arrows indi- 
cate positions of samples used 
in diatom pilot studies with 
major floral trends. CC, core 
catcher. 

light laminae formation has been dis- 
cussed by earlier investigators (4-6). 
However, the simple couplet composi- 
tion pattern derived from this model (13), 
namely, upwelling diatom species (11) 
dominant in light laminae and robust 
oceanic diatom species in dark laminae, 
although prevalent in the first few cores, 
is contradicted in other parts of the sec- 
tion at site 480. In cores 16 (78 m) and 29 
(142 m), for example, some light lami- 
nae contain monospecific diatom assem- 
blages of Coscinodiscus asteromphalus 
and C. nodulifer, which are oceanic 
forms, and dark laminae are dominated 
by a bloom-type upwelling flora. Such 
shifts will allow us to resolve major cli- 
matic pattern changes in wind and pre- 
cipitation over the Gulf region. 

Chronology. The age structure of the 
sedimentary section is not yet well de- 
fined. We estimated a minimum age of 
about 250,000 years by averaging varve 
counts (8), assuming that the accumula- 
tion rates are uniform over the entire 
core length; we know, however, that the 
homogeneous zones were deposited at a 
lower rate and thus the core may be sig- 
nificantly older. 

Another approach was to correlate the 
homogeneous zones with cold cycles on 
the oxygen isotope stratigraphy (14), 
which suggests ranges of 300,000 to 
400,000 years for the base of hole 480. 
Distinctly cold diatom assemblages with 
C. marginatus were found in several 
homogeneous sections. We predict oxy- 
gen isotopic stage 5e between core 11 
and core 13. 

Several pitfalls are inherent in the 
varve counts. "Rhythms' may not 
strictly represent 1-year periods as we 
may not be able to differentiate the very 
fine laminae deposited during periods of 
drought. At present, we have no abso- 
lute estimate of the actual accumulation 
rates of the homogeneous sections; these 
will be forthcoming shortly from pollen, 
magnetic, and isotope stratigraphy. 

The importance of the long laminated 
section (13) in the central Gulf for region- 
al and more extensive paleoclimatic and 
paleoceanographic studies lies in the fact 
that the exchange of surface water be- 
tween the Gulf and the open Pacific is 
subject to climatic-oceanographic fluctu- 
ations between the California Current 
water and equatorial Pacific water (15). 
Variations in the properties of surface 
water masses inside the Gulf reflect Pa- 
cific-wide effects of such phenomena as 
the southern oscillation (16) and result- 
ing El Niiio versus anti-El Nifio condi- 
tion (17). 

Because this set of cores is so unique 
and potentially so valuable for the study 
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of environmental changes in this area, 
the shipboard scientific party has re- 
frained from sampling any more than the 
core catcher samples in order to preserve 
the cores for varve studies onshore, which 

require intact working halves of the 
cores. We proposed to the DSDP and the 
National Science Foundation that these 
cores be curated and samples distributed 
in a special way. A HPC varved core 
working group has been established 
within the Joint Oceanographic Institu- 
tions for Deep Earth Sampling, which 
will coordinate feasible ways to sub- 
sample the working half cores for sub- 
sequent shore-based studies. 
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teus endonuclease (8). These sites are 
thought to represent pyrimidine dimers, 
a DNA lesion previously implicated in 
cancer induction (9, 10) and in vitro ma- 
lignant transformation (11). We report 
here that fluorescent light is capable of 
transforming cells in vitro and that the 
frequency of malignant transformation 
induced is related to dose. 

We used a cell line derived from 
mouse embryo (C3H10TV/2, clone 8) iso- 
lated and characterized by Reznikoff et 
al. (12, 13) and adapted for studies of ra- 
diation transformation in our laboratory 
(14). The cells were passaged and main- 
tained as previously described (14, 15). 
Cultures containing about 2 x 106 cells 
in uncovered 100-mm petri dishes were 
irradiated with six fluorescent bulbs (GE 
F15-T8 Cool White) at a distance of 6 
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inches. The exposure rate was 27.3 
J m-2 sec- , measured with a thermopile 
(Eppley). This was equivalent to 910 
foot-candles (1 foot-candle = 10.76 lux) 
(International Light IL700 meter). All ir- 
radiated and control (exposed only to 
dark) dishes were maintained at 0? to 4?C 
in Hanks balanced salt solution (HBSS) 
containing 25 mM Hepes buffer (pH 7.1, 
HBSS) (16), during exposure periods 
ranging from 0 to 7 hours. The plates 
were then subcultured to 250 to 400 vi- 
able cells per plate and maintained for ra- 
diation transformation (14). Types II and 
III foci were scored separately as tratns- 
formants; their morphology was similar 
to that previously observed for ultravio- 
let light (11), x-irradiation (14), and 
chemical carcinogen (12, 13) treatments. 
There was no spontaneous transforma- 
tion in control cultures (no treatment) or 
in cultures maintained at 37?C through- 
out but incubated for 7 hours in HBSS. 

Figure 1 (upper curves) presents sur- 
vival data for 0 to 7 hours (0 to 6.9 x 105 
J m-2) exposure to fluorescent light, as 
well as for cultures kept in the dark at 0? 
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Fluorescent Light Induces Malignant Transformation in Mouse 

Embryo Cell Cultures 

Abstract. Fluorescent light induced a dose-dependent malignant transformation in 
mouse C3HIOT'12 cells. A plateau in the dose-response curve for transformation was 
correlated with that observed with ultraviolet light exposure. The similarity in the two 
dose-response patterns suggests that similar molecular processes may be involved in 
the induction of malignant transformation by the two types of radiation. 
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