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cryolitic formations. Data suggest 
the establishment of an exceptional 
blockage of winter atmospheric cir-
culation in Central Asia for almost 
two centuries, which must corre-
spond to some climatic events of 
global dimension. Steppes were 
reduced and human habits become 
more sedentary, with primitive ag-
ricultural practices in the piedmont 
fans (Wusun culture).

Middle Subatlantic; Early and 
Mid Middle Ages (1800-800 BP)
Plains and mountains were charac-
terized by cold-wet conditions until 
1000 BP when conditions close to 
modern were established. Conti-
nentality indexes remained high with 
cold-dry winters. The Northern Tien 
Shan saw a catastrophic degrada-
tion of ice deposits from which they 
never recovered. Balkhash water lev-
els decreased to a minimum of 339 
m around 800 BP. Human geography 
saw the expansion of agricultural 

activities together with the spread 
of irrigation practices, proto-urban-
ization along river courses and the 
blossoming of the northern branch 
of the Silk Road (late Wusun and 
Turkic periods).

Late Subatlantic; Middle and 
Late Middle Ages (800-200 BP)
Climate became cooler and wetter 
than either the former period or the 
modern climate. Moderate advances 
of ice occurred. The plains reached 
a minimum temperature around 
550 BP, the mountains around 250 
BP. Balkhash water levels continued 
to rise until a peak of 344 m was 
reached in 1910 AD. A conversion to 
pastoralist practices and nomadic 
habits took place. Most likely this 
was favored by the reestablishment 
of climatic conditions similar to those 
of the Early Iron Period but also by 
political military events and the crisis 
in the Silk Road trade (Mongol and 
early Kazakh periods). After 200 BP, 

climatic conditions tended progres-
sively towards the warmer and drier 
conditions of modern times.
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Despite complexities, the Gulf of 
California can be considered an 
ocean-climate system in which 
primary productivity and sedimen-
tation are largely controlled by sea-
sonal monsoon winds. It offers an 
ideal model for exploring the ocean-
climate variations in which decadal 
to millennial scale changes can be 
reconstructed from sediment cores 
that sample the latest Pleistocene 
and Holocene.

During winter months, strong 
NW winds flow down the length of 
the Gulf, cooling surface waters, and 
initiating surface mixing and Ekman 
transport along the eastern margin 
and the development of a major 
winter-spring bloom of diatoms. 
Primary productivity rates in the 
central Gulf can exceed 4 gC/m2/day 
during the winter season, making 
the Gulf one of the more productive 
sites in the global ocean. The winds 
also transport large quantities of 
dust, which together with the flux 

of biogenic debris contribute to the 
clayey mud that predominates in 
slope and basin sediments.

During summer months, winds 
are from the SE, a strong ther-
mocline develops, which reduces 
nutrient transfer and there is a 
decline in primary productivity. The 
biogenic flux to the seafloor is 
dominated by pelagic carbonate 

and so-called “shade floras”, mat-
forming and large centric diatoms 
which grow in the nutricline. The 
mats are dumped to the seafloor 
in late autumn or early winter with 
the onset of the NW winds. In the 
central and eastern Gulf, these mat-
forming diatoms contribute to the 
formation of sediment laminations. 
The SE winds bring summer storms 
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Figure 1: Spectra of peaks of variability found in laminated sediments and carbonate content 
in core BAP96-CP, Alfonso Basin (MTM method). Major periodicities are given in Table 1.
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and, except for El Niño years, most 
of the precipitation in the Gulf falls 
between July and October.

The deep-water sediment record 
in the Gulf reflects the monsoon 
control of biogenic and terrigenous 
input, especially in the hemipelagic 
sediments of the slopes. In the Gulf, 
the Oxygen Minimum Zone (OMZ) 
typically ranges between about 300 
and 1000 m and where it intersects 
the seafloor, bottom-water dis-
solved oxygen concentrations are 
<0.5 ml/l to zero. Laminated varves 
accumulate in these depositional 
environments. Preserved within the 
laminations is a record of the mon-
soon-induced seasonal variations 
in production and sedimentation as 
well as longer-term ocean-climate 
variations.

Holocene sediments in the Gulf 
of California are biogenic silica- and 
organic carbon-rich, generally car-
bonate poor and within the OMZ, 
intensely laminated. In contrast, 
late Pleistocene and Younger Dryas 
sediments are carbonate-rich, 
biogenic silica-poor and typically 
bioturbated.

Recent multi-institutional in-
vestigations have emphasized 
different approaches to producing 
high-resolution (10-30 years/sample) 
Holocene records. John Barron and 

colleagues of the U.S. Geological 
Survey (Menlo Park, USA) have 
focused on the diatom-rich, carbon-
ate-poor sediments in cores DSDP 
480 and JPC56 in Guaymas Basin 
(central area of the Gulf), while our 
group (listed above) has focused on 
the sediments microfabrics, stable 
isotopes and carbonate microfos-
sils in the more carbonate-rich 
sediments of the western Gulf and 
Alfonso Basin (mouth of the Gulf). 
These investigations have produced 
complementary results and suggest 
that the shifts in the Holocene Gulf 
are ultimately the result of an inten-
sification and seasonal shift in the 
NW monsoon winds that control 
the patterns of upwelling, and that 
the changes are paced by climate 
rhythms that have strong modes of 
about 200 yr, 300 yr and 1500 yr.

In Guaymas Basin, an increase in 
the production of biogenic silica and 
changes in the relative abundance 
of diatom floras suggest shifts in 
the seasonal intensity of upwelling, 
with spring upwelling dominating 
in the early and late Holocene and 
winter upwelling dominating in the 
mid Holocene and today (Barron, et 
al., 2000; Barron, 2003). After about 
6 ka, spring upwelling increased on 
the mainland side of the Gulf. Co-
incident with the shift in upwelling, 
the carbonate content of Guaymas 
Basin shifted, with more intense dis-
solution in sediments in the eastern 
Gulf leading to very low carbonate 
content, generally beneath the main 
upwelling centers.

Alfonso Basin is situated near the 
junction of the Gulf of California and 
the open Pacific Ocean, which places 
it in a sensitive location to record the 
variation in the monsoon-driven 
climate in the Gulf, as well as the 
larger-scale climate variations occur-
ring in the Pacific. The basin is silled 
(depth ca. 250 m), filled with dysox-
ic-anoxic waters and accumulating 
laminated sediments on the basin 
floor. Cores collected from the ba-
sin floor have recovered most of the 
Holocene (7700 yBP) based on AMS 
radiocarbon dates and varve counts 
produced from digitally scanned X-
radiograph positives. All cores were 
sampled at 1 cm intervals (approx. 
15-35 years/sample).

Spectral analysis of the lami-
nated stratigraphy and carbonate in 
core BAP96-CP was used to identify 
millennial and centennial peaks of 
climate variability (Douglas, et al., 
2002) (Fig. 1). For the microfab-
rics analysis, gray scale images 
were produced from X-radiograph 
prints, digitized and converted to 
pixel number and analyzed using 

Table 1: Spectral peaks of variability derived from separate analyses of the laminated sediments 
and carbonate record in core BAP96-CP in Alfonso Basin (MTM method). Ages estimated using 
average sedimentation rates derived from AMS 14C age-depth model.
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Figure 2: Stable isotope record of Bolivina subadvena in a core collected near the center of 
Alfonso Basin (core BAP96-CP; 1 cm sample interval). Age-depth model based on excess 210Pb 
profiles and corrected radiocarbon dates. Based on recently collected multi-cores from the 
same site, we estimate that about 200 years is missing from the top of core CP.
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the multi-tapered Method (MTM). 
No filters were applied. This pro-
duced a continuous, millimeter-scale 
record. The resulting power spectra 
frequency peaks were converted to 
calendar years based on the age-
depth model. Because of variations 
in the microfabric record (density of 
laminations, microburrows, flood 
layers), spectral peaks were cal-
culated separately for three cores 
and for selected intervals within the 
cores. The results were the same for 
all cores.

Strong peaks of variability were 
found with periodicities at about 150 
yrs (144±18 yrs), 200 yrs (192±20 
yrs) and 300 yrs (300±20 yrs) 
(Table 1). These are associated with 
productivity/dissolution cycles in the 
carbonate record. All these period-
icities are present prior to 3200 yBP 
but the 300-year cycle dominates in 
the latest Holocene. Similar produc-
tivity pulses have been identified by 
Gladys Bernal-Franco (2001) in the 
biogenic record in La Paz Basin on 
a 330-year period. We suspect that 
the centennial variability is related 
to variations in solar radiation iden-
tified in radiocarbon fluctuations 

in tree rings and 10Be records. Mil-
lennial scale variations at 900 yrs 
(898±82 yrs) and 1500 yrs (1480±100 
yrs) are strong in both the carbonate 
and sediment lamination records.

Stable isotopes measured on the 
benthic foraminifera Bolivina subad-
vena in Alfonso Basin (core BAP96-
CP) exhibit small variation through 
the 7700 yBP record, except in the 
18O record. Beginning about 6ka, the 
record is punctuated with a series 
of short-term excursions or events 
of 0.5 to 0.9‰, the largest of which 
occurs between 5200 and 1400 yBP 
(Fig. 2). The events signal a turnover 
in the water-mass in the basin and 
replacement by either much colder 
or higher salinity water. The basin sill 
is located at ca. 250 m depth, near 
the present-day lower boundary of 
Central Gulf Water—a high salinity 
water-mass produced by evapora-
tion in the northern Gulf of Califor-
nia during winter months—and is 
advected at shallow depths along 
the western margin depth of the 
Gulf towards the mouth. We believe 
the most likely explanation for the 
isotopic excursions is basin turn-
over, when increased production 

of Central Gulf Water flooded the 
basin (Douglas and Staines-Urias, 
in press). If this interpretation is cor-
rect, the isotopic excursions record 
periods of intensified NW winds in 
the mid and late Holocene.
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The relative stability of Holocene 
climate, at least when compared to 
the rapid, large-amplitude climate 
excursions of the last ice age, has 
contributed to a view that the road to 
modern human civilization has been 
little affected by climate road-bumps. 
However, significant variations in re-
gional Holocene climate have now 
been recognized, with some having 
had clear societal impacts. Here we 
summarize recently reported new 
data from the annually laminated 
sediment record of the anoxic Ca-
riaco Basin off northern Venezuela, 
a now well-known paleoclimate ar-
chive. Using a new method for the 
measurement of bulk sediment 
chemistry, we have been able to 
develop a record of varying river-

derived inputs to Cariaco Basin with 
roughly bimonthly resolution (50 µm 
sample spacing) for the period AD 
700 to 950 (Haug et al., 2003). Ter-
minal Collapse of the Classic Maya 
civilization in the lowlands of the 
Yucatan Peninsula in Mesoamerica 
occurred during this time, one of 
the most dramatic events in human 
history (Fig. 1). Our new record of 
riverine input to Ocean Drilling 
Program (ODP) Site 1002 shows in 
unprecedented detail evidence of a 
link between regional drought and 
the demise of the Maya culture.

Paired light-dark laminations 
preserved in the anoxic, non-biotur-
bated sediments of Cariaco Basin 
are the direct result of large regional 
changes in rainfall and trade wind 

strength, driven by seasonal shifts 
in the position of the Intertropical 
Convergence Zone (ITCZ; Fig. 1) and 
its associated convection (Peterson 
et al., 2000; Haug et al., 2001). Light-
colored laminae consist mostly of 
biogenic components deposited dur-
ing the dry winter-spring upwelling 
season when the ITCZ is located at 
its southernmost position and trade 
winds along the Venezuelan coast 
are strong. In contrast, dark laminae 
are deposited during the summer-fall 
rainy season when the ITCZ migrates 
to its most northerly position, nearly 
above Cariaco Basin. Individual 
dark laminae are rich in terrigenous 
grains and contain higher quantities 
of titanium (Ti) and other lithophilic 
elements. Our interpretation of bulk 
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