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Abstract

The long term history of terrigenous flux to the Gulf of Mexico via the Mississippi River is hardly
known. We here present geochemical and sedimentological data to approximate the varying
Mississippi River sediment influx into the northeastern Gulf of Mexico (GoM) over the last six
glacial-interglacial cycles (MIS 1 to 14). Our study is based on the IMAGES sediment core MDO02-
2576 that was recovered from the DeSoto Canyon and is located ~200 km south to the recent
Mississippi River delta and ~150 km east of the recent coastline of Florida. Concentrations of
siliciclastic elements in bulk sediment samples were estimated from XRF scanning and calibrated by
single bulk XRF-analyses. Elemental ratios of the sedimentary record correspond to ratios from the
Mississippi River catchment rather than to the core close Alabama and Mobile River catchments.
The siliciclastic major element potassium (K) with enhanced surface concentrations in the
northwestern Mississippi River catchment shows varying occurrence downcore and here serves as a
proxy for Mississippi River sediment discharge variability. Changes in sedimentation rate and
magnetic susceptibility further support the variations in Mississippi River influx. Our data were
compared with Mississippi River terrestrial archives in the form of loess and terrace deposits that
back up our interpretations of enhanced glacial phase Mississippi River influx triggered by
strengthened fluvial river runoff and changing fluvial and ice sheet dynamics. Mississippi River
influx was at a maximum during glacial MIS 2/3, late MIS 8 and MIS 10. Late glacial MIS 6
deviates from this pattern being a period of reduced Mississippi River influx at the core location,
probably due to a westward shift of the Mississippi River delta.

Key Words:  Mississippi sediment discharge, Mississippi flood dynamics, Gulf of Mexico,
glacial-interglacial cycles, XRF-scanning

1. Introduction



The modern Mississippi River supplies ~ 17,000 m®/s of freshwater on average per year into the Gulf
of Mexico (GoM), with enhanced discharge during the spring month (Wasklewicz et al., 2004). It is
responsible for ~66% of the total dissolved organic and inorganic matter transported from the
conterminous United States to the ocean (Corbett et al. 2004). The Mississippi River is the main
factor in shaping the morphology and hydrography of the coastal northern GoM (Corbett et al.
2004). During the late Pleistocene, the drainage area of the Mississippi River included meltwater
from the Laurentide Ice Sheet, from proglacial lakes like Lake Agassiz and the glacial Great Lakes
(Tripsanas et al., 2007). However, only little is known about the sediment discharge and composition
of the Mississippi River during the past glacial-interglacial cycles and controlling factors. Here, we
present Mississippi River sediment discharge proxies in the form of high-resolution geochemical
records of the northeastern GoM, which cover the last ~560 kyrs. Our dataset was compared with the
variability of terrestrial and marine sediment sources. The newly compiled data are correlated with
magnetic susceptibility, reflectivity and CaCOj3 data (NUrnberg et al, 2008; Ziegler et al., 2008) as
well as element ratios of terrestrial sediment samples (Gustavsson et al., 2001), loess records
(Forman and Pierson, 2002), and terrace accumulation phases (Rittenour et al., 2003; 2005) in the
Mississippi River catchment area. The core is located in proximity to, but not within, the recent
Mississippi River delta, which minimizes direct morphologic processes within the delta region It

further ensures that Mississippi River sediment flux is reconstructed that reached the core location.

2. Regional setting

The modern catchment of the Mississippi River covering an area of 3,220,000 km? (National Park
Service, 2004) lies between the Appalachian Mountains in the east, the southernmost extension of
the Great Lakes in the northeast, southernmost Canada in the north and the Rocky Mountains in the
west (Fig. 1). The Mississippi River has a length of about 3 705 km (Nipper et al., 2008), with its
headwater, Lake Itasca, at 47°N, 95°W in northern Minnesota. It enters the GoM southeast to Baton

Rouge, Lousiana, at 29°N, 89°W (Fig. 1). At present, maxima of sediment transport and freshwater
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discharge are relatively synchronous, occurring during February to May (Bianchi et al., 2007).
About 50% of the sediment discharge flows to the west and ~50% to the east and south (Corbett et
al., 2004; Gordon and Goni, 2004). Most of the suspended load is deposited within 30 km off the
delta and is remobilized and dispersed throughout a much larger area in particular during the winter
months by winds and waves (Corbett et al., 2006).

The northwestern continental slope of the GoM shows a disturbed morphology (Tripsanas et al.,
2007) and a cumulative occurrence of salt diapirs (Bouma et al., 1996), whereas the DeSoto Canyon
area in the northeastern GoM shows undisturbed layering (ODP seismic line 126, Joyce et al., 1990).
The modern sea floor surface lithology of the northeastern GoM between the Mississippi River delta
and Cape San Blas (Florida) is dominated by terrigenous sediments mainly provided by the
Mississippi River (c.f. Gordon and Goni, 2004; Corbett et al., 2006). East and south of Cape San
Blas carbonate ooze is the dominating sediment while close to the shore quartz sand is prevailing

(Balsam and Payne Beeson, 2003).

3. Material and Methods

The IMAGES sediment core MD02-2576 (29°00.09°N, 87°07.14’W) was retrieved in 2002 during
cruise MD-127 with RV Marion Dufresne and has a length of 45.77 m. Core MD02-2576 is located
next to the 34 m long core MDO02-2575 (29°00.10’N, 87°07.13°’W) (c.f. Niirnberg et al, 2008;
Ziegler et al., 2008) and close to ODP Site 625 (Joyce et al., 1993) and core GS7109-2 (Emiliani,
1975). Sediment core MD02-2576 was retrieved from the eastern margin of the DeSoto Canyon in
the northeastern GoM with predominantly terrigenous surface sediments (Nipper et al., 2008). The
distance between the core location and the Mississippi River delta is~200 km.

The age model of core MD02-2576 was constructed by correlation of the reflectivity record (L* =
the fraction in % of incident radiation reflected by a surface, depending on colour) with that of
MDO02-2575. The reliable age scale of core MD02-2575 was constructed using high resolution

benthic §'%0 stratigraphy and AMS*C-dating in the younger part (Nirnberg et al., 2008). For the
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period not covered by MD02-2575, the L* record of MD02-2576 was correlated to the global LR04
benthic foraminiferal §*%0 stack (Lisiecki and Raymo, 2005) (Fig. 2). The first 40 cm of core MD02-
2576 show core disturbance in the form of compressed sediment leading to a younger age to depth-
correlation, probably caused by the core retrieval procedure that puts enhanced pressure on the core
top segment (Nurnberg et al., 2008). Sedimentation rates (in cm Kkyr-1) were calculated by dividing
the thickness of sediment intervals between age control points by their duration of deposition.

Sedimentation rates of terrigenous matter is calculated according to:

sed. Rategr. = sed. ratepyx * (siliciclastics % / 100) 1)

Geochemical element ratios of samples from the different catchment areas are useful tools to gain
information about the sediment provenance of fluvial sediments (Amorosi et al., 2002; Moldenhauer
et al., 2008). Core MD02-2576 was analyzed with the Avaatech XRF Core Scanner (ACS) at
University Bremen for the intensities of the major elements Ti, Fe, K, Ca and Sr. These elements
were measured non-destructively and directly at the split sediment surface every cm for 30 seconds
at an X-ray current of 0.087 mA and 20 kV ... (c.f. Tjallingii et al., 2007). As shown by Tjallingii et
al. (2007), the observed elements remain relatively unaffected by changing physical properties, i.e.
water content. The element intensities in counts per second (cps) acquired with the XRF Core
Scanner can be converted into quantitative data in weight percent (wt.% or ppm) and parts per
million (ppm) by calibration with bulk-XRF analysis. For this purpose, 16 samples were selected at
significant minima, maxima and changeover points indicated by the XRF-scan records (see Fig. 6).
The absolute element concentrations were determined with a Philips PW 2400 bulk-XRF
spectrometer at IFM-GEOMAR.

For Ti, Fe, Ca, and Sr, the correlation coefficients r? between XRF-scanner data (cps) and bulk-XRF
measurements (wt% or ppm) are 0.65, 0.69, 0.80, and 0.68, respectively. For K, the correlation is

much weaker (r?=0.36), due to the fact that the K peak in the XRF intensity spectrum is attached to
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the Ca peak and is easily tampered by a varying Ca signal. We therefore normalised K in counts per
second to total counts in order. to receive an independent K signal and to improve correlation
(r*=0.68):

Kcorrected: Kcounts per second/ total counts (2)

All K values given in the following are calculated based on the corrected K counts.

4. Results and Discussion

Sedimentation on the western Florida Shelf is dominated by foraminifer/coccolith ooze (Blake and
Doyle, 1983), leading to CaCOj3 concentrations of >40% during interglacials (Nirnberg et al., 2008).
The terrigenous portion is mainly restricted to the silt and clay fractions, and is known to originate
from heterogeneous sources (Goni et al., 1997; Gordon and Goni, 2003). Based on the chemical
differences in the source areas, ratios Fe/Ti, K/Ti, and K/Fe were used to characterize the source of
the terrigenous matter in our downcore record. For core MD02-2576, we observe a good correlation
between Ti and Fe (r*=0.88), suggesting that these elements share a common terrigenous source. In
this respect, dilution processes are considered unimportant, as K is not affected equally (r?=0.56 for
Ti versus K, Fig. 3). Although Fe is commonly prone to diagenetic remobilization in pore waters, we
expect no diagenetic alteration of the Fe record. The good correlation of Fe to Ti, which is largely
inert to diagenetic processes (c.f. Richter et al., 2006), and the similarity of their downcore records
imply that the sediment core is not affected by diagenetic processes. The major element K is
deviating from the other siliciclastic elements. The low correlation of K to Ti (r?=0.56) and Fe
(r*=0.52) points to a different terrigenous source for K.

The irregular surface elemental concentrations throughout the United States (Gustavsson et al., 2001,
Fig. 4) support our notion: Ti occurs with high concentrations in the southern and eastern part of the
MR catchment and partly, in the Alabama and Mobile River catchments, which are the continental

areas closest to the core location. The remaining areas exhibit rather low concentrations (Fig. 4). Fe



is distributed uniformly at medium concentrations. High concentrations are recognized only in the
northeast, while lowest concentrations are observed in the Alabama/Mobile River catchments
(Fig. 4). The distribution pattern of K, in contrast, is clearly differentiated with highest
concentrations in the Mississippi River catchment area and with lowest concentrations in the
Alabama/Mobile River catchments close to the core site (Fig. 4) In Fig. 5, ratios of the siliciclastic
major elements Ti, Fe and K of both the modern Mississippi River catchment and the adjacent
Alabama/Mobile catchment, taken from the element distribution charts of Gustavsson et al. (2001)
by setting grid points (see Fig. 4), are compared to those of core MD02-2576 (see Table 1). As the
downcore elemental ratios plot within the field of the Mississippi River catchment and are quite
different from the Alabama/Mobile catchment, the Mississippi catchment as major source for the
MD02-2576 sediment is further constrained.

The calculated bulk sedimentation rate for MD02-2576 matches the sedimentation rate for the
terrigenous fraction (Fig. 6) suggesting that the main portion of sediment is contributed by
terrigenous flux rather than by marine productivity. Most notably, sedimentation rates are enhanced
during MIS 2, 3 and 8 pointing to significantly enhanced accumulation of Mississippi River
sediments.

The magnetic susceptibility record of core MD02-2575 closely resembles the terrigenous (carbonate
free fraction) flux to the core location (Nirnberg et al., 2008) (Fig. 6). Downcore variations of the
terrigenous fraction closely correspond to the terrestrial element group Ti, Fe and K, which originate
mainly from clay minerals, feldspars and heavy minerals. The Ca-record closely resembles the
CaCOs percentages and is anticorrelated to the terrestrial element records, implying that terrestrial
element variations may be diluted by CaCO3. CaCO3 is mainly derived from calcareous skeletons of
marine foraminifera and pteropods, whose abundances vary on glacial-interglacial scales with
marine productivity enhanced during interglacial times (Nurnberg et al., 2008). Lowered CaCOs3

concentrations during glacial phases (~20% during MIS 2, 3, and 8 c.f. Fig. 6), instead result from



both, a strengthened flux of terrigenous material towards the site location, and a significantly

reduced marine productivity.

To account for temporal changes in CaCOs3 production, the terrigenous elements (Ti and K) were
normalized to Ca (Fig. 6). Pure elemental downcore records as shown in Fig. 6 appear rather similar,
both more directly reflect variations of terrestrial sediment input as shown by the close correlation to
terrestrial archives on Mississippi River sediment transport (see below). The terrigenous elements
are enhanced during glacial MIS while Ca is low. Vice versa, they are low during interglacial phases
when Ca is enriched. The element K partly deviates from this pattern, in particular during MIS 3/4,
6, 7 and 12 (c.f. Fig. 6). Taking further into account the spatial surface K differentiation across the
United States with high K concentrations in the Mississippi catchment and low K values in the
Alabama/Mobile area (Fig. 4), we use the downcore K-variations as unique indication for changes in
Mississippi River sediment flux towards the core location.

Enhanced K concentrations in core MD02-2576 point to strengthened fluvial sediment supply from
the western Mississippi River catchment area, as it the prominent source of K-enriched sediments.
The suspension load being distributed from the river mouth across the northern GoM most likely
causes the enhanced sedimentation rates at the core location. Gravitational downslope transport of
shelf and upper continental slope sediments is rather unlikely, as turbiditic sequences are not
observed in the core and the seismic profile (ODP seismic line 126, ODP Site 625; Joyce et al.,
1990).

Both, the fact that 50% of the discharged Mississippi River sediment load is transported southward
and eastward and the proposed dispersal of Mississippi-derived sediment by wave action over a wide
area (Corbett at al., 2004; Gordon and Goni, 2004), especially during the winter month (Corbett et
al., 2006), supports our notion of a Mississippi River dominated depositional environment at the
DeSoto Canyon core location. At present, both the maximum freshwater discharge and the

maximum sediment supply of the Mississippi River occur from February to May (Bianchi et al.,



2007). Supposedly, this pattern of synchronous maxima holds true for past glacial phases as well.
Both, sedimentation rates and magnetic susceptibilities show high similarity to the K signal (Fig. 6),
which are all representing Mississippi River discharge. It supports our interpretation of maximum
Mississippi River input during glacial phases, most pronounced during MIS 2, 8, 10, and 12.

Glacial sea-level drops and shelf exposure significantly reduced the distance between the core
location and, therefore, affected the terrigenous sediment flux at core MD02-2576 (Winn et al.,
1995). Most likely, the spatially variable progradation of the Mississippi River mouth across the
shelf during sea level low stands (Womack, 2006) was highly effective in shaping the sedimentation
pattern on the shelf and across the continental slope. This might have been especially important for
glacial MIS 6, as neither maxima in K nor in magnetic susceptibility and sedimentation rate at core
MD02-2576 point to enhanced Mississippi River discharge. The Ti-values remain relatively high,
rather indicating the background continental runoff apart from Mississippi River contribution (Fig.
6).

Relative variations between K and Ti indicated by K/Ti ratios enable to differentiate between
Mississippi River and Alabama/Mobile sediment supply. As K reflects sediment contribution from
the Mississippi River catchment while Ti is indicative of terrigenous matter provided by continental
runoff, low K/Ti ratios most likely denote the relative predominance of the “background”
terrigenous supply. An enhanced relative contribution from the Mississippi River to the core
location, instead, is indicated by maxima in the K/Ti record. The downcore K/Ti ratios are well
above 4.5, which is significantly higher than the K/Ti ratios from the Alabama/Mobile region (~1.6;
see Tab. 1), but definitely lower than the K/Ti ratios from the Mississippi River catchment (~6-10).
The initially high K/Ti ratio close to the Mississippi River mouth is apparently diluted on the
eastward transport of Mississippi River sediments as Ti from continental runoff is added, but
remains definitely higher than the K/Ti ratio characteristic for the Alabama/Mobile catchment.
Hence, Mississippi River sediment supply dominated sediment accumulation at core MD02-2576

over the last 570 kyrs. During interglacial sea level high stands, when sedimentation rates were
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commonly low at DeSoto Canyon, the Mississippi River contribution still exceeds the terrigenous
flux from continental runoff, indicated by high K/Ti ratios (Fig. 7). In particular during late MIS 2
and 12, and during MIS 6, however, exceptionally low K/Ti ratios occur during times of relative sea
level low stands This points to relative high continental runoff indicated by high Ti values, while the
relative importance of Mississippi River sediment supply is diminishing as K is low.

At the neighbouring site MD02-2575, Nirnberg et al. (2008) already reported on reduced coarse
carbonate and magnetic susceptibility values during MIS 6 as well as on high sea surface salinities
atypical for full glacial times. This can be explained by a significantly diminished impact of
Mississippi River discharge on the northeastern GoM hydrography. A westward shift of the
Mississippi River delta as indicated by Tripsanas et al. (2007, c.f. Fig. 1) during MIS 6 probably
caused fluvial sediment supply mainly directed towards the northwestern GOM, and less freshwater
dispersal into the northeastern GOM.

Lateral migration of the Mississippi River mouth system is indeed crucial for sediment dispersal
across the northern GOM. However, it certainly cannot account solely for all the different glacial
sedimentation patterns observed at core MD02-2576. In particular, the less pronounced maxima seen
during glacial MIS 12 may be attributed to less intense glacial conditions, different routing of
meltwater, and/or a changing location of the river mouth.

While glaciers covered the northern Mississippi River catchment during full glacial times, the
Mississippi River drained proglacial lakes resulting in an enlarged Mississippi River drainage area
compared to the recent Mississippi River catchment (Rittenour et al., 2003; 2005; Tripsanas et al.,
2007). The widened drainage area, documented for the late Pleistocene and presupposed also for the
previous cold phases, led to enhanced Mississippi River sediment discharge into the GoM as
reflected in the K record of core MD02-2576. The southward expansion of the Laurentide Ice Sheet
is known to have enhanced the Mississippi River sediment discharge into the GoM during the last
glacial phase (Tripsanas et al., 2007), also by blocking of passages for continental runoff to the

Atlantic and Pacific oceans. Additionally, seasonal melting at the ice sheet margins may have
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provided intensified water supply (Marshall and Clarke, 1999). Prominent Mississippi River
sediment discharge up to five times higher during glacial conditions than at present interglacial
conditions was already assumed by Emiliani (c.f. Gunter, 1976). However, megafloods due to
outbursts from Lake Agassiz (Teller et al., 2002; Teller, 2007) are not detectable in our record.

The lower Mississippi River floodplain was in a braiding regime during glacial MIS 2 and 4 between
~20-60 ka (Rittenour et al., 2005; Wasklevicz et al., 2004) (Fig. 8) and probably also during earlier
glacial phases. While meandering is an indication for low to mid-energy fluvial environments under
constant climatic conditions (Gray and Harding, 2007), braiding is a typical glacial process of
periglacial areas (Zepp, 2004) and results in high-energy and highly variable flow conditions
(Nanson and Croke, 1992). Glacial activity in the headwaters of the Mississippi River probably set
free enhanced meltwater pulses in winter to spring with high amounts of sediment load (Gray and
Harding, 2007). Permafrost and less dense vegetation cover during glacial phases reduced the water
storage capacity and hence, strengthened surface run-off in the Mississippi River area (Meckler et
al., 2008). The loess accumulation phases of the Mississippi River valley (Fig. 8, Forman and
Pearson, 2006) indicate less dense vegetation and larger availability of erodible material. Loess is the
dominant surficial deposit within the drainage area of the Mississippi river (Follmer, 1996), and
periods of loess deposition in North America are associated with strengthened meltwater and
sediment delivery (Forman and Pierson, 2002). Mississippi River floodplain aggradation phases (see
Rittenour et al., 2003; 2005) also imply enhanced Mississippi River sediment supply and coincide
with main phases of sediment accumulation at core MD02-2576 during MIS 2/3/4 (~ 60-20 ka; Fig.

8).

5. Conclusions
The temporal Mississippi River sediment discharge was deduced from marine sediment core MD02-
2576 for the last ~560 kyrs. The potassium proxy record mainly reflects fluvial sediment influx, as

supported by the sedimentation rate, magnetic susceptibility data and backed up by terrestrial
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archives. Main sedimentation phases identified in these terrestrial archives coincide with phases of
significantly enhanced Mississippi River discharge from the marine archive. Climatic changes,
leading to waxing and waning of the Laurentide ice-sheet, precipitation changes over N-America,
sea level fluctuations, and — closely related —Mississippi River delta shifting probably caused the
Mississippi River discharge variability. Our study points to prominent Mississippi River sediment
input during glacial MIS 2/3, late 8 and 10. The extremely reduced Mississippi River signal during

MIS 6 is related to a shift of the Mississippi River delta to the west.
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Figure captions

Fig. 1. Map of North America with the shape of the recent Mississippi River catchment (bold black line, according to Wiley, 1999)
and areas of terrestrial archives used for comparison (black squares): terrace deposits (Rittenour et al., 2005) and loess records
(Forman and Pierson, 2002). Sediment core MD02-2576 (29°00.09°N, 87°07.14’W) (this study) and adjacent core MD02-2575
(29°00.10°N 87°07.13’W) (Niirnberg et al., 2008; Ziegler et al., 2008) in the northeastern Gulf of Mexico indicated by a black circle.
The recent Mississippi River (MR) delta and delta location during Marine Isotopic Stage (MIS) 6 (Tripsanas et al., 2007) are shown as
black squares; the location of Cape San Blas, Florida (29°67.00°N, 85°37.00°W), discussed in the text, shown as black dot (chart from
esrimap, U.S. Geological Survey).

Fig. 2. Chronostratigraphy of IMAGES core MD02-2576 from DeSoto Canyon over the last 560 kyrs. The stratigraphic framework of
MD02-2576 is based on tuning the L* record (a) (this study, red) to the L* record of adjacent core MD02-2575 (b) (Nurnberg et al.,
2008). The stratigraphy of MD02-2575 is based on AMSC-dating and tuning the foraminiferal (Uvigerina peregrina) §*%0 record (c)
(Nirnberg et al., 2008, blue) to the global benthic reference stack LR04 (d) (Lisicki and Raymo, 2005, brown). The filtered 22 kyr and
41 kyr components of the benthic 8*%0 record of MD02-2575 are in accordance to precession and obliquity solutions (Laskar, 1990),
supporting the validity of the age model. The depth/age relationship suggests continous and uniform sedimentation over the past
560 kyrs. Marine Isotopic Stages (MIS) are given in red lettering (c.f., Kdster, 2005; Lisiecki and Raymo, 2005).

Fig. 3. Terrigenous elements within MD02-2576. We observe good correlation between Fe [wt.%] and Ti [wt%] (r* = 0.88), and a
weaker correlation between K [wt.%] and Fe [wt.%] (r? = 0.52), and K [wt.%] and Ti [wt.%] (r* = 0.56).
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Fig. 4. Distribution of surface element concentrations across North America from Gustavsson et al. (2001): Fe (upper image), Ti
(middle image), and K (lower image). The modern Mississippi River catchment area is delineated by the green line, the
Alabama/Mobile River catchment is in red. Blue colours indicate low, yellow medium and red colours high element concentrations.
The K-distribution map shows position of grid-points used for balancing the geochemical composition of different catchment areas
(c.f. Table 1).

Fig. 5. Terrigenous mass element ratios of core MD02-2576 (core data = orange circles) in comparison to those of surface sediments
from the Mississippi River catchment (green rectangles, c.f. green framed area Fig. 4) and the Alabama/Mobile catchments (red
circles, c.f. red framed area Fig. 4). The maximum K/Fe value from the Mississippi River catchment gridpoint (K =2.12 to Fe = 1, c.f.
Table 1) is not shown.

Fig. 6. Geochemical parameters of core MD02-2576 (covering ~560 kyr) in comparison to sedimentological parameters of core
MD02-2575 (covering ~400 kryr). Dashed line boxes indicate phases of main deviation of K from Ti. a) Ca (red); b) CaCO; = total
inorganic carbon*8.333 (violet) (Nurnberg et al., 2008); c) Ti (green); d) Ti/Ca (light green); e) K (blue); f) K/Ca (light blues); g)
siliciclastics% (= 100%-CaCO3%, terrigenous material as total organic carbon percentages are on average <0.5% (unpublished data),
biogenic opal was not detected, turquoise); h) magnetic susceptibility (black) of core MD02-2575 (Nirnberg et al., 2008); i) bulk
sedimentation rate (grey) and terrigenous sedimentation rate (purple). Bulk sedimentation rates range between ~0.4 cm/kyr and ~36.7
cm/kyr, the terrigenous sedimentation rates range between ~0.2 cm/kyr and ~30.6 cm/kyr. Element concentrations, initially measured
in counts per second by the XRF-scanner and calibrated by single bulk XRF-measurements, are given in wt%; grey bars indicate
interglacial MIS (according to Lisicki and Raymo, 2005, and Kdster, 2005); stippled areas indicate phases of main deviation of K
from Ti and Fe. Black arrows indicate depth levels, where single bulk XRF-measurements were carried out to calibrate the XRF-
scans.

Fig. 7. Relative proportion of Mississippi River sediment supply (approximated by K concentrations) versus continental runoff
(approximated by Ti concentrations) reaching the core location as K/Ti (green; 5 kyr-steps smoothed), in deviation from the Holocene
mean value (0-10 ka) in comparison to changes in sea-level (black; Miller et al., 2005). High K/Ti ratios imply a relative
predominance of sediment supplied via the MR compared to continental runoff. Grey bars indicate interglacial MIS.

Fig. 8. a) Phases of loess deposition in the Mississippi valley (Forman and Pierson, 2006; black dots with error bars); b) appearance of
lower Mississippi terrace levels in meters above sea level (asl; horizontal lines for orientation), and phase of river braiding (Rittenour
et al., 2005, boxes and grey horizontal bar, respectively); ¢) K of core MD02-2576 over the last ~120 ka; d) Magnetic susceptibility
(Mag. sus.) of core MD02-2575 (Nurnberg et al., 2008); e) terrigenous sedimentation rate of core MD02-2576. Light blue bars
indicate major sedimentation phases seen both in terrestrial (loess deposits from Forman and Pierson, 2006 and Lower Mississippi
terrace levels, see Fig. 1) and marine (MDO02-2575/76) archives. Grey bars indicateinterglacial MIS.

Table 1 Surface element concentrations for Ti, Fe, and K for the Mississippi River and the Alabama/Mobile River catchments (bold
type), according to the grid-points set for this study. Numbers (italic, bold type) from 1 to 15 in the upper line denote the west-east
position of grid-points. Numbers from 1 to 12 in the left column denote the north-south position of grid-points (c.f. Fig. 4 lower right).
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Table 1

Titanium
in % 1 7 8 9 10 11 12 13 14 15
1| 0.21| 0.21] 0.21
2| 027| 0.21| 0.23| 0.23| 0.23| 0.27| 0.23| 0.25| 0.25
3| 021| 0.21| 0.17| 0.23| 0.23| 0.27| 0.27| 0.29| 0.27| 0.56| 0.37
4 0.17| 0.17| 0.25| 0.23| 0.23| 0.27| 0.23| 0.19| 0.19| 0.34| 0.15| 0.15
5 0.15| 0.25| 0.17| 0.19| 0.21| 0.21| 0.19| 0.23| 0.19| 0.15| 0.23 0.47
6 0.27| 0.18| 0.17| 0.17| 0.25| 0.25| 0.29| 0.29| 0.29| 0.27| 0.27| 0.47| 0.51
7 0.27| 0.21| 0.19| 0.27| 0.29| 0.29| 0.29| 0.29| 0.29| 0.47| 0.56| 0.47| 0.47
8 0.18| 0.25| 0.27| 0.29| 0.44| 0.37] 0.37| 051 0.6| 0.65| 0.56| 0.56
9 0.18| 0.23| 0.21| 0.29] 0.32| 0.32 0.6| 0.44| 047 | 0.56
10 0.25] 0.27| 0.23| 0.23| 0.37 0.56| 0.44| 0.44| 0.37
11 0.56| 0.44| 0.37| 0.44
12 0.34| 0.34| 0.21| 0.37
Iron in %
1 2.3 3.2 2.3
2 3.2 2.3 3.2 2.3 2.3 2.3 2.3 2.3 3.2
3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 1.6
4 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 1 1.6 1 1.1
5 2.3 2.3 1.2 1.3 2.3 2.3 2.3 14 1.2 1.9 2.3 2.3
6 2.3 2.3 2.3 2.3 1.9 2.3 3.2 2.3 2.3 2.3 3.2 3.2 3.8
7 2.3 1.8 1.9 2.3 2.3 2.3 1.9 1.9 1.9 2.3 35 3.2 2.3
8 1.9 1.9 1.9 2.3 2.3 1.9 1.3 2.6 2.3 3.2 3.2 3.8
9 1.9 1.9 1.3 1.2 14 2.1 2.3 2.3 3.5 5.1
10 1.3 1.9 1.2 3.2 2.3 1.6 2.3 2.3 1.9
11 1.1 1.3 1 1
12 1 1 1 1
Potassium
in %
1] 194 1.94] 1.94
2| 1.94| 194| 194| 194| 1.94| 1.62| 1.62| 1.23| 1.35
3| 1.94| 194| 194| 194| 1.94| 1.62| 1.62| 1.23| 1.35| 2.12| 254
4 1.94| 212| 1.94| 1.43| 1.94| 1.62| 1.23| 1.23| 2.12| 254 | 1.23| 1.23
5 212| 212| 1.77| 212| 1.94| 1.23| 1.23| 1.62| 1.62| 1.23| 1.23 1.23
6 212| 232| 232| 212| 2.12| 1.23| 1.35| 1.48| 162| 1.62| 1.94| 1.23| 1.23
7 2.78| 2.32| 232| 212| 1.94| 143| 1.35| 1.35| 1.62| 1.62| 1.94| 1.23| 1.23
8 212| 232| 212| 1.94| 1.23| 1.23| 1.35| 1.23| 1.23| 0.86| 1.94| 1.94
9 1.94| 194| 2.12| 0.86 0.6]| 0.86 1.23| 1.23| 1.35| 0.55
10 1.94| 162| 0.94 0.6 0.6 0.6| 0.86| 1.23| 0.55
11 0.55| 0.55| 0.55| 0.55
12 0.55| 0.55| 0.55| 0.55

16



Figure 1

Forman and R

Rittena

17



Age (ka)

0 100 200 300 400 500 600 o
TTTT ] TTTT I T TTT l T TTT | I'E 3 | TTTT | TTTT | TTTT | T TT | T TTT [ rTTT I TTTT
1234 5 6 i 8 9 10 1. 12 13 14 MIS -
L 65
| — 60
i . | ‘ L 55
& ' * ‘ : L 50
g d | * b |
g ’ L 45
5 | :
L 40
25— ) H ) __3_2
i (1 | i
2 st | v \ .Lh | \" ‘ 36
0 (i -
3 35— | f "l“ A ’ ” i |5
o | ‘ I RN A
L W |
o 7 |l uw A ' a [
o ] M K
P n
5_‘ rrri | T | T | [ | L | L | rrri | LI | L rrTi l L T TT 5.2
0 100 200 300 400 500 600
Age (ka)
Figure 2

9252-20aW (%) .1

%2e3s [eqolB $0Y1 0g,Q

18



ACCEPTED MANUSCRIPT

Fe=0.72535+8.4727Ti  r?=0.8 Fe=1.4048+0.94799K  r?=0.52 g K=0.29775+5.1354Ti  r?=0.56
45 T T T T T T i T T T T T I T T T T
4 4 1
35 35
g g ]
s 3 s 3
£ h _
25f 25}
2r 2} ]
15 15 : : : : 05 L
0.1 o5 1 15 2 25 3 01 015 02 025 03 035 04 045
K(wt.%) Ti(wt. %)
Figure 3

19



1000 km,

Figure 4

20



Fel/Ti

Figure 5

16

Ti/Fe

0.6

0.5-
e
0.4-
e
% e
0.3- .
2
m A =
0.2 5..'..1.
m m o = 2
.' .. .l 7] . i.. I
014 ® -
o gt
0 b 1 1 4 L 1 ;4 L 1 1 . I
0 02 04 06 08 10 12 14 16
K/Fe

21



]

|||||‘||‘||||||\w\H||||||||||||||||||!|:|f11|||||||||||||||||
3041 234 5 6 7 8 9 10 1" 12 13 14 MIS

— 80

a [ o
b) —60 2
_4'3;..0
—20 3
0 T
— 0.06
" 0042
o
— 0.03
)
0.3
L 02 X
B o
= l—01 ®
_éBD Lo
860 i =
L 40 40 D
] g) L S‘g
5 20 —20 &,
@ T
40 h) L0 o
2z
S
2510
[ e ' - " i)
01IIII|IIII|II!IE\Jilllllllllllllllli[lW[\\ilIIII|IIII|IIII|
100 200 300 400 500 600
Age (ka)
Figure 6

22



123 4 5 6 7 8 9 10 M 12 13 14 MIS [

A

40 —

20 —

0 —{4

-20

-40 -

-60 —

Sea level (m)

-80 —
-100—

-120—

0

Figure 7

IIIIIIII|IIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII]IIIIIIIIll

100 200 300 400 500 600
Age (ka)

(ueaw au3>0|OH W04 UCHRIADP)

v |

23



-0 o o0

OO0 oo

Braided river

5 MIS

MR valley Loess deposits
(Forman and Pierson, 2006)

—_0.=—=._"0—

Lower MR terrace levels

a)

100—
é |
[

m ——

80—
_ 2.8—
39: —
3 2 —
< ]

1.2 —

40 —
o
S e
% 510
S 510

0
0
Figure 8

Age (ka)

Y
o

N
o
(1IS,.01 X)
‘osns ‘ubep

(=]

24



