
 

 

 

 

 

 

 

 

CHAPTER 5 

 

 

Identification of rapid sea level variations 

between 35-70 kyr  

 
 

 

Abstract 

Today, the extremely high temperatures and salinities of the Persian Gulf region 
results in the precipitation of dolomite-rich tidal flats. Periodic exposure of this 
shallow marginal sea is evident in a 70 kyr dolomite record from the Somali 
margin indicating that sub-orbital changes in sea level occurred over this period. 
The contrast between sea level variations and changes in continental aridity 
indicates that low sea level stands occurred prior to the decrease in intensity of 
the Arabian Sea monsoon that coincide with Heinrich Events in the North 
Atlantic Ocean. Therefore the changes in sea level associated with ice rafting 
events in the Northern Hemisphere and the changes in continental aridity 
associated with monsoon variations can be differentiated from one another in the 
sediments of the Somali margin.   
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Introduction 
 

Recently, using exposed coral terraces from Papua New Guinea, Chappell et 

al. (2002) provided evidence of 10-15 m fluctuations in sea level during the last 

glacial period. Similar fluctuations were proposed by Siddall et al. (2003) who 

developed a mixing model for the Red Sea waters using changes in salinity derived 

from foraminiferal δ18O measurements. These rapid sea level transgressions of 10-20 

m occurred approximately every 6-10 kyr, between 70-30 kyr BP (Chappell, 2002), 

and are associated with the Northern Atlantic ice rafting deposits now referred to as 

Heinrich Events (Bond et al., 1992; Elliot et al., 1998; Heinrich, 1988). The volume 

of icebergs needed to produce the sea level variations that were identified in the New 

Guinea records is equivalent to the melting of 15-25 % of the Laurentide ice volume 

or the total volume of LGM Scandinavian ice (Lambeck et al., 2002). Chappell et al. 

(2002) suggested that sea level variations themselves may be triggering synchronous 

North American, east Greenland and possibly Antarctic ice sheet outbreaks by 

dislodging coastal shelf ice sheets and facilitating common surging.  

Heinrich events (HE), though specifically determined by deposits of ice rafted 

debris in the North Atlantic, have correlative expressions in wide ranging climate 

records. Distinct periods of decreased wind-induced upwelling, productivity and 

precipitation that correspond to HE 1-6 are evident in monsoon records from the 

Arabian Sea (Altabet et al., 2002; Burns et al., 2003; Ivanochko et al., submitted; 

Leuschner et al., 2000; Reichart et al., 2002; Schulz et al., 1998) (see Chapter 4). 

Heinrich Events have also been associated with increased winter monsoon derived 

loess deposits (Porter, 2001; Porter et al., 1995) changes in the position of the 

Intertropical Convergence Zone (ITCZ) (Burns et al., 2003; Peterson et al., 2000; 

Wang et al., 2001) and cold sea surface temperatures in the Mediterranean (Cacho et 

al., 1999). 

High-resolution paleo-records that provide evidence of these sea level 

variations are lacking and many studies of sea level changes are restricted to 

identifying discrete periods that correspond to either maximum high stands or 

minimum low stands. The Persian Gulf in the Northern Arabian Sea is an isolated 

extreme environment that is highly sensitive to changes in sea level. Sediments from 

the Persian Gulf, a shallow basin adjoining the Arabian Sea, can be detected in nearby 
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areas. Variations in the sediment flux from the Persian Gulf to the Arabian Sea are 

used in this study to provide a record of millennial-scale changes in sea level.  

Setting  

The climate of the Arabian Sea region is dominated by the summer monsoon 

winds, which affect regional precipitation and determine the degree of coastal 

upwelling and seasonal marine productivity (see Chapter 3,4). Site 905 is located near 

the coast of Somalia and is influenced both by the seasonal southwesterly summer 

monsoon winds and by the northwesterly “Shamal” winds that blow down the axis of 

the Arabian Peninsula (Glennie et al., 2002). The summer monsoon winds induce 

coastal upwelling in the western Arabian Sea that rejuvenates the surface waters with 

nutrients and supports high levels of biological productivity (Banse, 1987; Prell et al., 

1981). During the summer monsoon season, the western Arabian Sea accumulates 

over 70 % of the annual total of sediment (Nair et al., 1989). Also in the summer 

season, an extension of the Shamal winds rises above the southwesterly monsoon 

winds and transports dust from the Arabian Peninsula to the open waters of the 

Arabian Sea (Clemens, 1998; Reichart et al., 1997; Sirocko et al., 2000; Sirocko et al., 

1991; Sirocko et al., 1989).  

The chronology for core 905 is based on 24 radiocarbon dates between 0-35 

kyr and is supported by the core 905 δ18O (dutertrei) record, in which the transitions 

between Marine Isotope Stages 1- 5 can be easily recognised. Beyond the ability of 

radiocarbon dating, between 35 - 90 kyrs, the 905 record is tied to the Greenland 

(GISP2) δ18O record (see Chapter 2).  

 

The Arabian Sea Summer Monsoon (ASSM) 

The flux of organic carbon from the surface waters during the summer months 

reaches over 750 mgC/m2/day making the Arabian Sea one of the most productive 

regions of the global oceans (Honjo et al., 1999). In turn, the decay of organic matter 

in the water column consumes oxygen and today maintains an intermediate water 

Oxygen Minimum Zone (OMZ) between 120-1250 m (Calvert et al., 1995; Reichart 

et al., 1998; Reichart et al., 2002). In these anoxic intermediate waters, NO3
- is used 

as the oxidant in the bacterially mediated breakdown of organic matter (Altabet et al., 

2002; Ganeshram, 1996; Ganeshram et al., 2000; Naqvi et al., 1998; Suthhof et al., 

2001). This process fractionates the stable isotopes of nitrogen, 14N and 15N, and 
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leaves the residual nutrient pool 15N rich. A relative “heavy” denitrification signal is 

evident in the sedimentary signal of bulk organic matter when denitrification has 

occurred in the water column (Altabet et al., 2002; Ganeshram, 1996; Ganeshram et 

al., 2000). Changes in the monsoon wind intensity modulate coastal upwelling and 

productivity along the coast of East Africa and the Arabian Peninsula, therefore the 

denitrification signal can be used as a proxy of the strength of the Arabian Sea 

Summer Monsoon (ASSM) wind (Altabet et al., 2002; Ganeshram, 1996; Ganeshram 

et al., 2000; Naqvi et al., 1998; Suthhof et al., 2001).  
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Figure 1. Variations in the Arabian Sea summer monsoon intensity and changes 
in global aridity. A. The denitrification record of core 905 indicating decreased 
monsoon intensity associated with Heinrich Events. B-E. Changes in the 
concentrations of Al, K, Fe and Ti indicate that increased lithogenic input occurs 
during decreases in the monsoon intensity. Decreases in soil moisture as a result 
of the diminished monsoon allows greater deflation of dust from the Arabian 
Peninsula and Somalia. F. The concentration of dust particles trapped in the ice of 
the Vostok (Antarctic ) and GISP2 (Greenland) ice cores.
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In the oxygenated waters of the open ocean, where denitrification is not 

occurring, sediments record a δ15N ratio of 4-6 ‰ (Sigman et al., 1999). The core 905 
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δ15N record varies from 4.5-8.5 ‰ and indicates that increased denitrification occurs 

during periods correlating with warm Dansgaad-Oeschger (D-O) interstadial events 

identified by the GISP2 δ18O record. The lowest δ15N values are associated with 

Heinrich Events and Marine Isotope Stage (MIS) 4 (Figure 1) (see Chapter 4). More 

generally, denitrification decreases reflecting less intense monsoon activity during 

glacial periods, specifically MIS 2 and 4. The Holocene and interglacial period MIS 3 

are associated with increased denitrification and stronger monsoon winds.  

 

Continental Aridity 

Today, semi-arid tropical regions, particularly the Sahara and Sahel area in 

north Africa and the Gobi desert in central Asia, are the largest source of atmospheric 

dust (Harrison et al., 2001), concentrations of which have been noted to vary between 

glacial and interglacial periods (Petit et al., 1999). Mineralogical studies of the GISP2 

ice core indicate that the increase in glacial dust over Greenland was derived from 

East Asia (Biscaye et al., 1997), which was more arid and dustier during glacial 

periods (Porter, 2001). The aridity of East Asia, India and Africa is mediated by 

variations in the regional monsoon systems (An, 2000; deMenocal et al., 2000; Gasse, 

2000; Wang et al., 2001). In the western Arabian Sea variations in precipitation are 

largely determined by the seasonal migration of the ITCZ (Burns et al., 2003; 

Fleitmann et al., 2003; Neff et al., 2001), which progresses north of the Equator in the 

Boreal summer reaching approximately 10°N today in July. The northern migration of 

the ITCZ is concurrent with the onset of the ASSM (see Chapters 3-4)(Joseph et al., 

1994; Ju et al., 1995; Krishnamurthy et al., 2003), which determines the precipitation 

over the India sub-continent (see Chapter 4). Therefore, changes in continental aridity 

in East African and the Asian tropics are related to variations in the intensity of the 

ASSM and concurrent variations in the tropical hydrological cycle.  

Lithogenic deposition in the western Arabian Sea is largely eolian (Clemens, 

1998; Clemens et al., 1990; Clemens et al., 2003; Leuschner et al., 2000; Sirocko et 

al., 2000; Sirocko et al., 1991) and occurs today during the summer monsoon season. 

Dust storms on the Arabian Peninsula generate large amounts of aerosols that are 

transported of to the open sea by northwesterly summer winds. Considering the 

dominance of the eolian transport of dust in this area (Clemens, 1998; Sirocko et al., 

1991; Sirocko et al., 1989) the negligible fluvial input (Sirocko et al., 1989) and 
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minimal turbidite deposits in the Western Arabian Sea (Sirocko et al., 1989), 

increases in the concentration lithogenic material can be interpreted as a reflection of 

increased aridity in the source area (Cornelis et al., 2003; Middleton, 1989; Pye, 1989; 

Rea, 1994). 

The concentrations of major elements (Al, K, Fe, Ti) were determined on a 

Philips PW2404 wavelength dispersive automatic sequential X-ray Fluorescence 

Spectrometer fitted with an Rh-anode end window X-ray tube (See Methods, 

Appendix A). Downcore % Al in the core 905 sediments ranges from 0.6-1.5 %.  The 

% K, % Fe and % Ti values range from 0.2- 0.42, 0.175-0.8 and 0.04- 0.11 

respectively.  Calculations of “carbonate-free” values indicate that the lithogenic 

variations during the MIS 3 are not solely a result of CaCO3 dilution, although the late 

Holocene increase in all four records is a dilution artefact.  Peak concentrations of Al, 

K, Fe and Ti occur during the Younger Dryas. Heinrich Events and are associated 

with decreased δ15N values signifying periods of weak monsoons. A broad maximum 

occurs during the last glacial period (33-13 kyr) (Figure 1). Therefore, the dust 

records of core 905 are capturing changes in local aridity that are directly related to 

variations in monsoon precipitation. Increased dust is evident during periods of 

diminished monsoon intensity (HE and the last glacial period) and decreased dust 

coincides with periods of maximum monsoon intensity that are identified by increases 

in monsoon related denitrification (Figure 1). 

 

Variations in Sea Level 

The present day Persian Gulf is a source of dolomite to the Arabian Sea 

(Reichart et al., 1997; Sirocko et al., 2000; Sirocko et al., 1989). The extreme 

conditions of this enclosed basin, expressed by high temperatures in the summer and 

strong seasonal winds, result in net evaporation that produces saline waters reaching 

70 ‰ (Purser et al., 1973). Repeated flooding and evaporation of the coastal salt flats, 

the “Sabkhas”, drives up the Mg2+ /Ca2+ ratio in the localised brine and facilitates the 

precipitation of dolomite (Bathurst, 1976; Purser et al., 1973). Holocene records from 

the Arabian Sea indicate that dolomite is transported from the Persian Gulf to the 

open waters as dust by the strong summer “Shamal” winds (Reichart et al., 1997; 

Sirocko et al., 2000; Sirocko et al., 1991).  

The Persian Gulf is a shallow basin, averaging 35 m water depth deepening to 

100 m at the entrance to the Gulf of Oman (Purser et al., 1973). It is 1000 km long 
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and 200-300 km wide, covering and area of approximately 226,000 km2 (Purser et al., 

1973).  A lowering of sea level by approximately 130 m, such as occurred during the 

last glacial period (Bard et al., 1996; Fairbanks, 1989; Lambeck et al., 2002), would 

effectively isolate and dry the entire Persian Gulf area. Changes in dolomite 

precipitation and the exposure of the dolomite-rich tidal flats is likely to have 

occurred during the 15 m sea level excursions that have been proposed during MIS 3 

(Chappell, 2002; Siddall et al., 2003; Yokoyama et al., 2001) At this time, sea level 

was already 45-65 m lower than the present level. Variations in the area of exposed 

dolomitic sediments may be evident in the concentrations of dolomite dust 

transported to the Arabian Sea.  
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Figure 2. Millennial-scale changes in sea level indicated by the 905 % dolomite record. A. The 
905 denitrification record provides a framework for the evaluation of records of continental aridity 
and changes in sea level. B. Modelled changes in sea level for the Red Sea provided by Siddall et 
al. (2002). C. Downcore changes in the concentration of dolomite ion core 905are controlled by 
changes in sea level. D. Changes in the concentration of Al reflect changes in continental aridity.  
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The concentration of dolomite in the 905 sediments was measured by X-Ray 

Diffraction on a Philips PW1800 Automatic Powder Diffractometer. To semi-quantify 

the dolomite measurements, a spiked sample with 2, 5 and 10 % dolomite 

concentrations was run and used to create a regression line with the peak heights. All 

dolomite measurements were converted to percentages using the calibration line. The 

background level of dolomite at site 905, evident during the Early Holocene and early 
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MIS 3, is approximately 2 % (Figure 2).  Large spikes of up to 14 % occur between 

67-63 kyr and increases up to 6 % occur periodically between 55 and 30 kyr BP and 

during the Holocene.  During the last glacial period, 32-12 kyr the background 

dolomite more than doubled to approximately 3.5 % (Figure 2). 

 

Discussion 

Millennial-scale changes in the ASSM system, determined from site 905, are 

evident in both the δ15N record, which varies on D-O timescales, and the lithogenic 

records, which vary on Heinrich timescales. A comparison between the radiocarbon 

dated section of core 905 and the GISP2 ice core δ18O record indicates that the 

regional climates of the tropics and high northern latitudes both change during the 

Bølling- Ållerød (BA) warming and the Younger Dryas (YD). Within the error of the 

dating methods, the warm BA is associated with increased denitrification in the 

Arabian Sea, indicating increased monsoon intensity. Whereas, the YD is associated 

with decreased denitrification and decreased monsoon intensity (see Chapter 3). As 

well, the timing of the extreme cold periods associated with Heinrich Events in the 

North Atlantic (Bond et al., 1995; Elliot et al., 1998) coincides with lowest δ15N 

values, which reflect diminished monsoon intensities. Finally, the independently 

AMS 14C dated periods of intense monsoon activity between 30-35 kyr show the 

same pattern of change as the temperature variations over Greenland (Dansgaard et 

al., 1993) (see Chapter 4). Therefore, the changes in monsoon intensity determined by 

the core 905 δ15N record appear to be synchronous with D-O variations, where cold 

stadials correlate with decreased monsoon intensity and warm interstadials are 

associated with increased monsoon intensity. This tropical connection to the northern 

high-latitude is corroborated by additional Arabian Sea studies (Altabet et al., 2002; 

Leuschner et al., 2000; Schulz et al., 1998; Suthhof et al., 2001), as well as by studies 

further afield (Burns et al., 2003; Cacho et al., 1999; Peterson et al., 2000; Wang et 

al., 2001).  

The Somali margin lithogenic records (Figure 1) register an increase in the 

concentration of dust transported to site 905 during the Younger Dryas, Heinrich 

Events and stadials, all periods of decreased monsoon intensity. Therefore the control, 

determining the amount of dust reaching site 905, is likely the aridity of the source 

area (Cornelis et al., 2003; Pye, 1989; Rea, 1994). During periods of low monsoon 
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activity, the region surrounding the Arabian Sea appears more arid with an increased 

deflation of aerosols and more dust transported to site 905. Dust records from both 

Greenland ice cores and Antarctic ice cores indicate Heinrich events and glacial 

periods are dustier than interglacials. The aridity records from the Arabian Sea region 

closely resemble records of atmospheric dust trapped in polar ice in both the Northern 

and Southern Hemispheres (Figure 1) indicating that periods of global dustiness, as 

determined from the ice cores, correspond to arid periods in the tropics and minimal 

monsoon activity. Concurrent changes in both atmospheric aerosols and tropical 

convection patterns (see Chapter 4) provide a possible means of amplifying and 

sustaining millennial-scale changes in global temperature. 

The concentration of dolomite in the 905 sediments, however, does not 

replicate the pattern discussed above. Instead peaks in % dolomite occur just prior to 

Heinrich Events, before decreases in the ASSM intensity are evident (Figure 2). 

Reichart et al. (1997) suggested that on a glacial/interglacial timescale, sea level 

variations and the exposure of evaporative dolomite deposits in the Persian Gulf are 

the primary controls of dolomite concentrations in the Arabian Sea. The Somali 

margin records register consistently elevated dolomite concentrations during the last 

glacial period and high spikes during MIS 4, which corroborates this hypothesis. 

However, there is considerable variation in the dolomite record not related to glacial 

period low sea stands.  

A comparison between the 905 % dolomite record and the Siddall et al. (2002) 

model of millennial-scale sea level variations between 60-35 kyr, indicates that these 

smaller 10-20 m sea level transgressions are represented in the Somali margin 

sediments. The transport of dolomite dust to the Arabian Sea appears to be related to 

the exposure of the dolomite rich tidal flats during periods of low sea level.  Increases 

in the dolomite concentration of core 905 coincide with a decline in sea level and the 

peak dolomite values occur during low sea stands. The exposure of the tidal flats 

during low sea level appears to increase the area from which dolomite is deflated, 

resulting in higher concentrations of dolomite transported to the Somali margin. The 

Shamal winds, which blow over the Persian Gulf are likely transporting larger 

quantities of dolomite dust to the Arabian sea region as sea level regresses.  

In contrast, when sea level rises, the area of exposed tidal flats is reduced. 

During sea level transgressions the concentrations of dolomite in core 905 decreases, 

reflecting a reduction in the area of the dolomite source and less transport of dolomite 
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dust by the northeasterly winds (Figure 2). Finally, during periods of high sea level 

stands, such as between 60-50 kyrs (Figure 2), the dolomite concentrations in core 

905 are low. This suggests that the sabkha regions require some time to precipitate 

and that a constant high sea level demands the development of dolomite-rich sediment 

above the high water line. At approximately 51 kyr, the decrease in sea level once 

again exposes the tidal flats and allows the deflation of dolomite rich deposits. This is 

reflected as an increase in % dolomite in the core 905 sediments (Figure 2).   
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Figure 3. Heinrich Events 4, 5 and 6 
and sea level changes. A close up 
comparison of the Siddall et al., (2002) 
sea level curve with the 905 records of 
dolomite and % Al. The shaded bands 
highlight the duration of the “dusty” 
periods which are identified by 
increased % Al. These periods 
generally coincide with timing of 
Heinrich Events in the North Atlantic.  

 
A closer investigation of the direct relationship between dust (% Al) and 

dolomite indicates that changes in the dust flux are not diluting the dolomite 

concentrations: decreases in dolomite occur prior to increases in % Al and increases 

in dolomite are not accompanied by decreases in % Al (Figure 3). The dust 

concentrations can be used to identify the Arabian Sea correlative of Heinrich Events, 
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as dust increases occur in core 905 during Heinrich Events, when monsoon intensity 

is diminished. It is evident that the dolomite spikes are not directly associated with 

Heinrich Events but with the periods of low sea level that occur in advance of the ice 

sheet surging (Figure 3). The sea level transgressions that result from massive iceberg 

calving, appear to flood the Persian Gulf and reduce the area of exposed dolomite-rich 

sediments and therefore the amount of dolomite that is transported to the Somali 

margin. The concentrations of Al, K, Fe and Ti in the sediments of the western 

Arabian Sea all appear to be regulated by changes continental aridity driven by 

variations in the tropical hydrological cycle. In contrast, the concentration of dolomite 

in this area is modulated by Heinrich-scale variations in sea level. 

Records from the western Indian Ocean indicate that at 17-18 kyr before 

present, sea level was 110-115 m below modern levels (Camoin et al., 2004) and 

Siddall et al. (2002) indicate that a significant drop in sea level occurred at 

approximately 28 kyr.  However, the dolomite concentration in core 905 increased at 

approximately 35 kyr and remained elevated at levels of 2.5 % until 10 kyr (Figure 2). 

During this period the dolomite concentrations are 2.5 times higher than the values of 

the early Holocene and Early MIS 3. Yet, the dolomite spikes that precede Heinrich 

events are significantly higher than the glacial concentrations. These discrepancies in 

the record are likely a result of the threshold that exists between the flooded basin and 

exposed basin of the Persian Gulf. The mechanism of dolomite precipitation, the 

repeated flooding and evaporation of the coastal regions, requires either intense 

rainfall or standing water (which replenishes the base of the salt flats though osmosis 

(Bathurst, 1976; Purser et al., 1973). At 35 kyrs, Siddall et al. (2002) indicate that sea 

level was approximately 80 m below the present day sea level. This appears to be the 

threshold below which the Persian Gulf was dry and sabkha formation was limited by 

a lack of brine. Prior to 35 kyr the dolomite record appears to be responsive to sea 

level variations, after 35 kyr further changes in sea level are not registered in the 

dolomite record. Therefore the constant and elevated dolomite concentrations 

between 35 kyr and 10 kyr likely reflect the deflation of dolomite from the exposed 

basin of the Persian Gulf but no new dolomite production (Figure 2). At 10 kyrs, the 

final sea level transgression, which coincided with the termination of the last glacial, 

resulted in the drowning of the Persian Gulf and the removal of the source of 

dolomitic sediments. Consequently, the concentrations of dolomite in the 905 core 

decreased. 
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The core 905 Holocene samples indicate that % Dolomite increased 

periodically to over 4 %. These dolomite spikes cannot be sufficiently explained by 

changes in sea level. There is some evidence of minor changes in sea level during the 

Holocene resulting in a mid- Holocene maximum at approximately 5.5 kyr. This is 

expressed by preserved and dated beachrock in the Persian Gulf that is elevated 2 m 

above the modern sea level (Williams et al, 2002). A 2 m increase in sea level might 

explain the decrease in % dolomite seen in the core 905 sediments at 5.5 kyr. 

However, no change in sea level has been identified at 8.2 kyr, leaving the  % 

dolomite decrease at 8.2 kyr without cause.  

An event at 8.2 kyr has been described in the Greenland ice cores (Alley et al., 

1997) and in sediments from the North Atlantic (Barber et al., 1999), as well as in 

records of tropical precipitation (Haug et al., 2001; Fleitmann et al., 2003). In the 

tropics, between 8.4-7.8 kyr, rainfall decreased and the position of the Intertropical 

Convergence Zone shifted to the south (Haug et al., 2001; Fleitmann et al., 2003).  

The intensity of the Arabian Sea Monsoon also decreased at this time (see chapter 4). 

The stability of the Holocene sea level, suggests that dolomite transport to site 

905 must have a secondary control. Changes in the transport of sediment from the 

Persian Gulf to the Arabian Sea is likely regulated by the relative                       

strength of the northeasterly Shamal winds and the summer monsoon winds. During 

the Holocene, when the sea level control on the exposure of dolomitic salt flats is 

reduced, the changes in monsoon strength and wind trajectories may become more 

significant in the transport of dolomitic sediment to site 905. The summer monsoon 

winds were strongest in the early Holocene and have declined over the last 10 kyr, 

however millennial-scale variations are superimposed upon this trend (see chapter 4). 

Between 90-10 kyr before present, millennial-scale changes in monsoon intensity 

have been associated with both D-O Events and Heinrich Events (Figure 1). The latter 

determine the sea level changes that are the dominant control on dolomite 

concentrations on the Somali margin. However, the Holocene has been a period when 

millennial-scale climatic changes are disconnected from sea level variations and the 

sea level variations that have occurred are relatively minor. Therefore, during the 

Holocene, the Somali margin dolomite record appears to reflect both changes in local 

sea level, such as at 5.5 kyr, and changes in atmospheric circulation. 
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Conclusions 

Monsoon intensity varies in concert with Northern Hemisphere temperature 

changes where cold, stadial periods are associated with decreased monsoon intensity 

and therefore increased continental aridity. The increased aridity during Heinrich 

Events and glacial periods is a global signal evident in the Arabian Sea sediments as 

well as polar dust record. Variations in the tropical hydrological cycle, which occur 

on millennial-scales, affect both atmospheric water vapour and aerosols. Therefore 

changes in the tropical hydrology need to be considered in the mechanism governing 

millennial-scale climatic variations. 

A comparison of the 905 % dolomite record with a sea level reconstruction 

derived from a Red Sea δ18O record and a calculated salinity and water mixing model 

(Siddall et al., 2003) indicates that dolomite deflation in the Arabian Sea is primarily 

related to sea level variations, not continental aridity. Dolomite concentrations 

decrease prior to Heinrich Events indicating that the sea level transgressions 

associated with periodic ice rafting in the North Atlantic, and possibly Antarctica, 

flood the Persian Gulf Sabkhas and limit the exposed dolomite. Consequently, the 

northwesterly winds blowing down the Arabian Peninsula carried less dolomite to the 

open sea. During low sea levels and the exposure of the Persia Gulf sabkhas, dolomite 

concentrations increase on the Somali margin. Therefore, the dolomite concentrations 

in the northwestern Arabian Sea reflect millennial-scale changes in sea level 

associated with massive ice rafting events in the Northern high-latitudes. 
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