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with active fluvial transport such as enhanced 
roundness, while streambed sediments should 
be more varied, with some clasts inheriting 
shapes from local non-fluvial sources and oth-
ers displaying features consistent with active 
fluvial transport. Bodek et al. (2021) classified 
the White Clay Creek as a semi-alluvial river, 
exhibiting a mix of morphologies characteristic 
of alluvial, bedrock, and colluvial channels.

Dams have been, and continue to be, impor-
tant along the White Clay Creek. In total, six 
low-head run-of-river dams are currently in 
place along the stream in Delaware (a seventh 
was removed in 2014), and six dams remain 
in Pennsylvania (https://www​.nps​.gov​/articles​
/000​/partner-project-spotlight-dam-removal-
on-white-clay-creek​.htm, last accessed 6 Feb-
ruary 2023). Many dams were constructed for 
milling in the watershed in the eighteenth and 
nineteenth centuries (http://commondatastorage​
.googleapis​.com​/anabranch​/ex-pa-chester​.html, 
last accessed 6 February 2023), but few remain 
in place today. Extant or historic dams have 
influenced sedimentation at Sites 6, 8, and 12 
(Fig. 1; Bodek et al., 2021).

METHODS

Standard stratigraphic methods were fol-
lowed to infer depositional environments and 
processes (Dalrymple, 2010; Miall, 1985, 2010). 
Stratigraphic sections were described at study 
reaches originally chosen by McCarthy (2018) 
to infer decadal rates of bank erosion. Exposures 
were observed along eroding banks or from 
hand-driven bucket or gouge augers. Sampling 
locations were selected to highlight deposits 

formed primarily through vertical accretion 
(Pizzuto et  al., 2023) from the mid-Holocene 
(e.g., Ramsey, et  al., 2022) to the present, a 
focus that required avoiding (where possible) 
abundant older colluvial deposits (Costa and 
Cleaves, 1984; Merritts and Rahnis, 2022), bed-
rock exposures, and more recent lateral accretion 
deposits (Jacobson and Coleman, 1986; Pizzuto 
et al., 2014, 2023; Walter and Merritts, 2008a). 
Figure 2A provides an illustration of how con-
tinuous cross sections were assembled from indi-
vidual sampling locations.

Sediments were characterized visually in the 
field according to grain size, fabric, color, lithol-
ogy, roundness, organic content, and bed thickness 
and geometry. Selected samples were wet-sieved 
to determine sand-mud ratios (Lewis, 1984) and 
loss-on-ignition (LOI) (Ball, 1964). Grain sizes 
of gravel samples were determined using the 
Wolman (1954) method; a standard gravelometer 
(https://www​.forestry-suppliers​.com​/p/53249​
/22080​/wildco-gravelometer, last accessed 16 
May 2023) was used to place sampled gravels into 
size classes in the field. Ground surface topog-
raphy along stratigraphic sections was extracted 
from a 1 m horizontal resolution digital elevation 
model (2015 USGS 3DEP-3D elevation data, 
https://www​.usgs​.gov​/3d-elevation-program, last 
accessed 17 January 2023).

Sediments were divided into stratigraphic 
units representing deposition before and after 
European settlement using criteria established 
by previous studies. Dearman and James (2019), 
Happ et  al. (1940), Jacobson and Coleman 
(1986), Knox (1987), and Pizzuto (1987) used a 
dark-colored buried A horizon (e.g., a paleosol) 
to identify the upper surface of presettlement 

deposits. Where the paleosol is absent, Happ 
et  al. (1940) note that presettlement deposits 
can be identified by “distinctive bleached colors 
and hard ferruginous concretions.” Jacobson and 
Coleman (1986) describe presettlement depos-
its as “gray to light-gray to yellow” with “many 
distinct mottles and concretions.” Jacobson 
and Coleman (1986) describe post-settlement 
deposits as “a more uniform, yellowish brown 
to brown color,” with a “very friable” texture.

Pedogenic criteria for defining presettle-
ment and postsettlement stratigraphic units 
were supplemented by age dating using 
dendrochronology,14C, 210Pb, and 137Cs analyses. 
Details of the dating methods and results have 
already been published (Pizzuto et  al., 2023), 
but the stratigraphic context for the dates is pre-
sented here for the first time (see the Supplemen-
tal Material1 for sample locations and results).

RESULTS

Lithofacies and Lithofacies Associations

Following Miall (2010) and others, sediments 
were classified into ten lithofacies based on grain 
size, sedimentary structures, and organic content 
(Table 2). Lithofacies were provisionally associ-
ated with depositional processes based on cri-
teria established by previous studies (Bridge, 
2003; Fisk, 1947; Miall, 1985, 1996, 2010; 
Webb-Sullivan and Evans, 2014), supplemented 
by our own analyses and observations (detailed 
later in Results). For example, matrix supported 
gravels are considered to represent gravity flow 
deposits. This depositional process could include 
colluvium, debris flows, and periglacial pro-
cesses such as solifluction. Stratified, imbricated 
gravels are interpreted as sediments deposited 
from fluvial bedload transport. Massive deposits 
of sand, silt, and clay with little organic material 
are deposited from overbank flows. If preserved, 
fine laminations of mud and sand are evidence 
of deposition in low-energy, subaqueous envi-
ronments, but other criteria (stratal geometry, 
for example) may be needed to identify these 
deposits where post-depositional disturbance 
is likely. Organic-rich deposits are often asso-
ciated with wetlands such as “backswamps” 
(Fisk, 1947; Miall, 1985, 1996; Tye and Cole-
man, 1989; Webb-Sullivan and Evans, 2014). 
Some gravel deposits are poorly exposed, and 

1Supplemental Material. Includes core logs, 14C 
dates and sample locations, sampling locations for 
gravels at Sites 1 and 3, measurements of dam and 
floodplain heights at extant dams, and analyses of 
percentage silt-clay and loss-on-ignition. Please visit 
https://doi​.org​/10​.1130​/GSAB​.S.23601087 to access 
the supplemental material, and contact editing@
geosociety​.org with any questions.

Figure 1. White Clay Creek 
and Red Clay Creek subwa-
tersheds of the Christina River 
basin and locations of sampling 
sites of the Piedmont Prov-
ince, Pennsylvania (PA) and 
Delaware (DE), USA, for strati-
graphic data and documenta-
tion of the effects of extant mill 
dams. MD—Maryland.

Version of Record at: https://doi.org/10.1130/B37032.1
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