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2.7. Results

2.7.1 Bulk Geochemistry
Bulk geochemistry of the sediment samples shows that these are quartz-rich sands when
plotted against average continental crust values (Fig. 2.3). Calculation of the CIA (Chemical

Index of Alteration) using the following formula:

indicate moderate levels of alteration (between 56 and 70), with the Ohio River showing the

highest values and the Arkansas the lowest (Fig. 2.4).
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Figure 2. 3 Plot of Al203/Si02 versus Fe203/SiO2 for sediments from the Mississippi River
after Singh et al. (2005). Lower ratios indicate increase of the quartz proportion and depletion of
phyllosilicates. Linear trend corresponds to mineralogical sorting of these sediments during
fluvial transport. Star corresponds to average Upper Continental Crust (UCC) (Taylor &
McLennan, 1995) (Taylor & McLennan, 1995) (Taylor & McLennan, 1995) (Taylor &
McLennan, 1995).
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Most of the trunk stream values for the Mississippi River plot around values found in the
Missouri River. In addition, Principle Component Analysis (PCA) was performed on the major
element geochemistry in an effort to compare differences between samples (Fig. 2.5). Most of
the elements have little variation between samples, however Al>O3 and SiO> are highlighted as
being the most variable. The Red and Illinois River samples show the most variation in this
aspect, with the Red River displaying relative Al,Oz depletion and SiO, enrichment (Fig. 2.5).
The Illinois River conversely is relatively Al,Ozrich and SiO2 poor. Despite these minor
variations, when viewed as a whole, the bulk geochemistry data is relatively uniform (Fig. 2.3),
suggesting that the samples are comparable to one another in terms of their general mineralogy

and do not show many major differences driven by hydrodynamic sorting.
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Figure 2. 4 Geochemical signature of the analyzed samples illustrated by a CN-A-K ternary
diagram (Fedo et al., 1995). CN denotes the mole weight of Na20 and CaO* (CaO* represents
the CaO associated with silicate, excluding all the carbonate). A and K indicate the content of
Al>03 and KO respectively. Samples closer to Al>Oz are rich in kaolinite, chlorite and/or
gibbsite (represented by Kao, Chl and Gb). CIA values are also calculated and shown on the left
side, with its values are correlated with the CN-A-K. Samples from the Arkansas River have the
lowest values of CIA and indicates high contents of CaO and Na20 and plagioclase.
Abbreviations: sm (smectite), pl (plagioclase), ksp (K-feldspar), il (illite), m (muscovite), bt
(biotite).
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Trace elements (Zr, Ba, and Sr) were also used to determine the heterogeneity of
samples, because these too are often used as provenance tools (Bhatia & Crook, 1986;
McLennan, Hemming, McDaniel, & Hanson, 1993). Water immobile elements in source
bedrocks are transferred to the sediment and affect the bulk compositions of the mixed stream.
Within this data set, Ba and Sr values are mostly stable, with the Zr values being the most
variable (Table 1). South of the Red River, in particular, Zr content is low, implying a paucity of

zircon content.
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Figure 2. 5 Principal component analysis (PCA) based on the major and select trace element
geochemistry of the bulk sediment samples considered in this study. The scatter in values shows
that there is significant variability only for Al.O3 and SiO: in the sediments which we interpret to
be largely driven by hydrodynamic sorting.

21



2.7.2 Grain size

Analysis of grain size also shows variation between samples (Fig. 2.6). Consequently,

when Zr contents are plotted against mean grain size, there is an interesting link between the

abundance of Zr and larger mean grain size (Fig. 2.7). Larger mean grain size is associated with

lower Zr concentrations and thus fewer zircon grains in our sample set.
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Figure 2. 6 Range of grain sizes as measured by laser particle size analysis methods for the
samples analyzed for zircon U-Pb dates within the study (see Fig. 2.1 for sample locations).
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Figure 2.7 Plot of Zr concentrations against mean grain size showing that samples with mean
grain size >300 um have low Zr contents.
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Taking both the bulk geochemistry and grain size into account, there is little variation of
most major elements (Table. 1) or in the level of chemical alteration (Fig. 2.4) between the
headwaters and the Gulf of Mexico. There is, however, variability in grain size and the

abundance of zircon between samples (Fig. 2.7).

2.7.3 U-Pb Zircon Results

Following the earlier study of Mason et al. (2017) and Blum & Pecha (2014), the zircon
ages are broken down into seven population groups, which are deemed to be of significance to
the provenance. The youngest is the Cenozoic/Laramide group (30-275 Ma)(lizuka et al., 2005),
followed by the Appalachian/Wichita/Swannee (380-650), Grenville (1000-1200 Ma), South and
East Granite Rhyolite (1370-1470 Ma), Yavapai/Mazatzal (1600-1760 Ma), Trans-Hudson
(1800-1900 Ma) and the Penokean/Superior Group (2500-2700 Ma) (Fig. 2.8). We find here the
Missouri tributary is dominated by the younger zircon populations found in the Rocky
Mountains. In contrast, the Red and Arkansas Rivers have a relatively smaller abundance of
young zircon (<300 Ma) and also contain substantial populations of Grenville, Granite Rhyolite
and Yavapai affinity. The northern tributaries (Upper and Illinois) have a large number of older
Penokean/Superior and Grenville zircons. The samples from the main trunk of the Mississippi
River (4,6,8, and 10; Fig. 2.8) all have a dominant young (<300 Ma) population, showing a
strong downward propagation of Missouri/Rocky Mountain zircons throughout the modern

system.
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