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DETERMINING RECENT SEDIMENTATION RATES OF
THE NUECES RIVER SYSTEM, TEXAS

INTRODUCTION

I Replacement of wetlands by water and barren flats in the lower alluvial
valley and delta of the Nueces River suggests that relative sea-level rise and

reductions in sediment supply have rendered the Nueces fluvial-deltaic system

irilcapable of maintaining sufficient elevation to prevent its submergence. The
Nueces River system has in the past transported a significant load of suspended

s,efdiment (Longley, 1992a), but the construction of upstream dams and reservoirs
has greatly reduced the volume of sediment reaching deltaic marshes and other

Wetland habitats. Still, losses in deltaic environments along the Nueces River have
been smaller than in other deltas of the Texas coast (White and Calnan, 1991), so

there remains a potential for the Nueces River to deliver enough sediment to offset
5111bsidence and submergence.

|
i Objectives

| The principal objectives of this study were to determine past rates of

sedimentation and relative sea-level rise for a fluvially dominated area along the

]\;Iueces River upstream from the delta. This information will be used by the Texas
Water Development Board to determine the frequency, duration, and magnitude of
river flooding necessary to offset submergence of wetlands (Longley, 1992b).

Sédimentation rates are based on activities of 210Pb measured in 11 cores collected
1111 the study area (fig. 1). Rates of relative sea-level rise are based on National Ocean

Service (NOS) benchmark releveling surveys, USGS reports, NOS tide gauge data,

and data on relative sea-level rise presented by Paine (1993).
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| Natural Environments in the Study Area

|
. Natural environments of the Nueces River system and alluvial valley in the
tudy area (fig. 1) consist of salt, brackish, and fresh marshes; transitional areas; flats;
o;};en water (including lakes and abandoned river channels); fluvial woodlands, and
utf)lands (White and others, 1983). These habitats have developed on alluvial valley
fill within the entrenched valley. Inland parts of the alluvial valley are dominated

|

by fluvial processes in contrast to deltaic areas where estuarine processes are more

wn

in:ﬂuential.

Average monthly median salinities in the upper part of Nueces Bay fluctuate
around 21.7 ppt (Texas Department of Water Resources, 1981). However, depending
on fresh-water inflows, salinities can drop to less than 1 ppt or exceed 40 ppt

4 (Holland and others, 1975).

|

| The Nueces River delta is generally characterized by salt marshes with
sz}alinities decreasing up the valley. In the study area, marshes are reflective
p‘rimarily of salt to brackish conditions. Upstream from Interstate Highway 37, fresh
marshes occur.

! Modern-Holocene Valley-Fill Deposits

! Sediments in the Nueces River valley fill near Interstate Highway 37 are
dzominated by thick fluvial sand deposits, locally exceeding 12 m, which are overlain
by thin flood basin mud deposits that vary in thickness from 1.2 to 3 m (fig. 2). The
depth of the modern river channel is slightly greater than the thickness of the mud
«%eposits; consequently, the channel is floored by sandy sediments and bars.

Human Modifications Potentially Affecting Sedimentation

Among major human modifications in the Nueces River alluvial valley are
h‘/vo Missouri-Pacific (MOPAC) railroad embankments (completed before 1930), State
FHighway 9 (completed in 1933, preceding IH-37), Interstate Highway 37 (constructed
m the late 1950s—early 1960s) (fig. 1), and Lake Corpus Christi (created originally in

1929 Mathis Dam, and enlarged in 1958, Seale Dam) Lake Corpus Christi is




(i)

9/€61Av0

1seayinog -

SJUSWIPSS Jopjo Pajelualayipun

— P

‘uonerodsuel] jo
Ew&tm&ma sexd] 9y} Aq apew s£aAins ﬁuaauﬁomw U0 paseq dIe SJUIWIPIS
jo ssawpryl pue A3opoyir YL ‘ZzZ AemySiyg ‘s e £3[[eA payouasud
ISATY S909NN 9y} Ul SJUSWIPIS SUIDO[OH JO UONDIAS $S0I) ‘g dInJig

Kejo mojjah Ajjeoo] ‘Aejo pue weo) yoelg .

Aejo ajiym pue mo||oA yius spaq |aAelIb uly) pue pues

1oy seoanp

2i-

1SOMULION

olo

- Ob-




pproximately 50 km upstream from the mouth of the Nueces River. Major
Iterations caused by MOPAC railroads include approximately 3.7 linear km of fill

o‘r the westernmost tracks near U.S. Highway 77 where the valley is about 4.3 km

v‘ide and 5.3 km of fill along the easternmost tracks where the valley is about
.9 km wide (fig. 1). Bridge openings totaling approximately 0.6 km in length are at

l‘1e Nueces River, Rincon Bayou, and narrow drainages to the north. About
0 percent of the valley is effectively dammed by the railroad fill. At IH-37,

L;‘)proxxmately 85 percent (4. 35 linear km) of the valley is dammed by road fill for the

ughway
|

| R
| The effects of human modifications in the study area on marsh

edimentation are not fully understood. It is obvious that flow patterns during

S
fﬂOOd events have been altered substantially by the MOPAC railroads and highway

'1Lossings, which extend across the valley diverting flow through bridge openings.

ntuitively, one would expect sedimentation rates to be slightly higher upstream of

1‘1e railroads and highway due to the partial damming effect. During floods the flow

varriers may locally reduce currents and elevate water levels for longer periods of

ime allowing more sediments to settle upstream. However, variations in

sedlmentatlon rates, which are minimal, seem to be influenced more by the

\O e+ (J] <A - N oV

—_~ o)

greomorphlc setting and relationship of a site to the river and relict channels, rather
t}‘lan by location upstream or downstream of the road embankment. There is also
the possibility that sediment deposition during hurricane storm surge flooding may
compensate for reductions in sediment supplied to downstream sites during river
ﬂfoding.

Among other artificial changes in the Nueces River valley is a 2.5-km-long
navxgauon channel dredged for oil and gas exploration and production before the
1950s. The channel extends from the bay shoreline westward through marshes

north of the river. Dredged material was deposited on mounds on the south side of

the channel. No coring sites are near the channel.

Another modification to deltaic marshes is a marsh creation project that was
begun in the late 1980s under the direction of the Port of Corpus Christi Authority
a‘nd the U.S. Army Corps of Engineers. Approximately 80 ha was excavated in a
h‘lgh salt marsh (Spartina spartinae) to create an area of approximately 36 ha of

intertidal marsh (Nicolau, 1995). Planted emergent vegetation consisted primarily

)




of Spartina alterniflora. The marsh is a mitigation project for developmg a spoil

disposal area near the Corpus Christi Ship Channel. The initial effort to establish -

Spartina alterniflora at the site was a failure because of incorrect elevation and slope
of designated areas and higher than optimal salinity for Spartina altermﬂora
growth (Ruth, 1990; Nicolau and Adams, 1993; Nicolau, 1995). Core NR-9 is about 75
m from the edge of the site. In April of 1995, when cores were taken, the marsh
restoratlon site was characterlzed primarily by open water. |

'Historical Wetland Losses

In the Nueces River valley, more than 122 ha of marsh habitat was lost

between the 1930s and 1979 (White and Calnan, 1990). The losses were a result of
the transformanon of emergent vegetation to open water and barren flats, pnmanly
in the delta near Nueces Bay (fig. 3). Progradatwn ended sometime between 1930

and 1959 (Morton and Paine, 1984). Among the probable causes for the losses in

wetlands are reductions in the volume of fluvial sediments reaching the delta and
relative sea-level rise. o N T \ |
Suspended ﬂuv1al sediment reachmg Nueces Bay has been reduced from

750,000 tons/yr during the first half of this century to approximately 40,000 tons/ yr .

~ from 1970 to 1980 (Morton and Paine, 1984). This large reduction in sedlment is
caused pnmanly by Lake Corpus: Chrlstl

Compoundlng the problem of reduced sediment supply is a rise in relatlve _v

sea level Rates of- relative sea-level rise at benchmarks in the Nueces River }valley
- along MOPAC near U.S. Highway 77 locally. exceed 6 mm / yr, which is
approximately three to five times higher than regional and eustatic sea-level rise
- (Gornitz and Lebedeff '1987). A more detalled discussion of subsidence and sea-level

~ rise rates is presented in the sect1on titled ”Relatlve Sea-Level Rise.”
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Nueces River deita index map and historical sequence of vegetated areas (in black) for the

years 1930, 1959, 1975, and 1979.

Figure 3. Historical changes in the distribution of vegetated areas (primarily
marshes) in the Nueces River delta. From White and Calnan (1990).
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METHODS
Field Methods

Site Selection

Eleven sites were selected for coring in the Nueces River alluvial ?valley
(fig. 1). Criteria used in selecting sites included location with respect to the modern
Nueces River channel',an'd abandoned channels such as Rincon Bayou; location
with respect to the estuarine system, relative elevations, susceptibility to ﬂobding,
and types of wetland vegetation; and location with respect to existing human
modifications. The approach was to sample several different wétland
environments but avoid local human alterations that may have affected
sedimentation rates. | |

Coring sites were located throughout the alluvial valley. Ten sites are -lécated
downstream from IH-37 and one is located upstream (fig. 1). Four sites are within
300 m of the river; others are at distances of about 500, 700, and 1,200 m The
remaining four core sites are north of Rincon Bayou at distances of about 200, 400,
800, and 1,900 m from the bayou. One site is near the mouth of the Nueces River at
the edge of Nueces Bay, but all other sites are more than 3 km upstream frofm the
bay shoreline, which places them in wetland areas thought to be influenced mbre by
riverine sedimentary processes than by estuarine processes. |

Site Description

Wetland coring sites include salt-water marshes characterized by assemBlages
of Spartina alterniflora and Salicornia-monanthochloe-Suaeda; brackish-water
marshes characterized by Spartina spartinae, Borrichia frutescens, and Distichlis
spicata; and fresh to brackish assemblages of Scirpus californicus, Typha, Scirpus
maritimus, and Eleocharis (table 1). Estimated elevations fange from
approximately 1.2 m to less than 0.3 m. Coring sites NR-1 and NR-7 had the Highest
estimated elevations, and site NR-11 had the lowest (table 1). Sites in high marshes
and transitional areas, characterized by Spartina spartinae and Borrichia frutéscens,
were génerally at higher elevations and were the most difficult to core because of dry
soils and increasing stiffness of clay with depth. Low marshes composed

8
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predominantly of Spartina alterniflora, Scirpus californicus, Typha, and Distichlis
spicata were less difficult to core because of softer and less compacted sediments.
Sites were cored near the end of April 1995, when soils were very dry. In some cases,
alternate sites, rather than those preselected on aerial photographs, were cored
because of extremely dry conditions.  When possible, cores were taken at sites with
no evidence of surface disturbance such as burrows and cattle trails. However,
effects of cattle tracks were difficult to avoid in most areas because grazmg is
w1despread inland from the eastern MOPAC crossing.

Coring Methods

Cores of the marsh substrate were taken by twisting and, where necéssafy,
driving a thin-walled, sharpened metal tube, approximately 1 m long and 11.5 cm in
diameter. Lengths of sediment recovered varied depending on the difficulty of
penetrating the substrate and the amount of shortening. Some sediment bypéssing
and thinning occurred in deeper sections of cores where stiff clayey sediments were
encountered, especially in transitional area levee-flank environments. Cores were
dug out of the marsh soils to minimize loss of material during extraction from the
substrate. The end of each core was covered with rubber caps that were tightened
down with ring clamps and taped. The cores were transported to the BEG Core
Research Center for processing.

Core Shortening

The volume of unconsolidated sediments normally decreases with depth as a
result of physical compaction, dewatering, and loss of organic matter. For some
depth-dependent relationships, the natural compaction is taken into account and
the data are normalized to equate values near the top of the core with those near the
bottom of the core. Physical properties affected by natural compaction, such as water
content and bulk density, are used to remove the effect of compaction so that data
throughout the core can be compared on a postcompaction basis.

In the wetland literature, few references are made to artificial compaction or
thinning of wetland sediments caused by the coring operation. Some reports do not
address the issue of artificial compaction, and others give only vague qualitative
descriptions such as minor compaction. Few studies actually attempt to quanti;fy the

10
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i'
m!agnitude of artificial compaction and to adjust those depth-dependent parameters
d%rived from the core.

' In this report we distinguish between natural compaction and artificial
co‘mpaction by referring to artificial compaction as “shortening.” Shortening
cohmonly results during coring even if steps are taken to minimize it. Adjusting
th}e stratigraphy of the core to remove the effects of shortening is necessary because
ny vertical displacement of the cored sediments with respect to their natural
position will result in the calculation of inaccurate sedimentation rates.
S{edimentation rates calculated from shortened cores will underestimate the actual

ra‘tes of sedimentation.

1 Penetration of the core barrel into unconsolidated sediments typically causes
some minor shortening of the sediments. The amount of shortening depends on
he composition and textures of the sediments, their water content, and other
hysical properties such as bedding. Some muds are susceptible to high shortening,

\ ‘
vhereas well-sorted, water-saturated sands are essentially incompressible. The

liaserved shortening can occur in one of two forms. The simplest form of
hortening is the physical foreshortening of the sediment column as the water and
?1d space are reduced. For this type of shortening all the strata are represented, and
he stratigraphy of the core and surrounding undisturbed sediments is the same

0
s
V
t
except that the strata within the shortened intervals are closer together. The most
q
s
T
S

o

oy

<

omplex type of shortening involves drag along the core barrel and expulsion of
ediment so that some strata are bypassed and are not recovered in the core barrel.
hlS type of shortening can occur where stiff sediments overlie a zone of soft
edlment, and the soft sediments are driven aside as the core barrel is shoved into
the ground. Drag and bypassing of sediments are observed as distorted strata in the
cores The amount of distortion observed in the core and in the x-radlographs of the

core reflects the degree of sediment shortening.

| Shortening of each core from the Lavaca River was anticipated because the
wetland sediments are composed predominantly of mud. As the core barrel was
driven into the ground, the amount of sediment shortening was estimated by
periodically measuring the distance to the sediment surface on the outside and
inside of the core barrel (fig. 4). By making these two measurements and by knowing

the length of the core barrel, total penetration of the core barrel, and core length, the

11
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amount of sediment shortening can be calculated (table 2 and Appendix A). The
m‘terval thickness and the amount of shortening for each interval also can be
derlved from these measurements (table 2) and used to illustrate the percent
sﬂortemng and the depths at which it occurs. The field measurements and derived
data also can be used to reconstruct the interval thickness before shortening and to
calculate restored depths that are corrected for shortening (Appendix A). The depth
correctlons are used to adjust the core depths so that the lengths of the shortened
intervals are restored to their unshortened lengths. This is done by calculating the
amount of shortening (Cj) for each interval (i), calculating the amount of
sl'wrtening for each one centimeter depth increment in the interval being corrected,
axr{md adding the fractional proportion of shortening to each depth increment. This
p‘rocedure assumes that the shortening is uniformly distributed throughout the
interval. The corrected depths have the numerical effect of “stretching” the core to

its unshortened length.

The depth correction equation is given by:
| D¢ = Pi-1 + (Du-Du,i-1)(1+(Ci - Cj-1)/(Dy,i - Dy,i-1)
w}here
i D¢ = corrected depth
Du = uncorrected depth
‘ Ci=Li-0j = shortening of interval i

Pj = Og - Oj = penetration of interval i

I:ld the uncorrected depth of the lower boundary of the core for which corrections

e being made is Dy,i = Pi - C;j.
[

i Before applying the above eqixation, the appropriate interval (i) for Dy must be
determined so that the proper values for shortening and penetration are used to

:lalculate the correction factor.

_Core shortening normally increases with depth, but it is not linear. In fact, the
shortening curve for each core is different (Appendix A), and some cores are

‘shortened more in the middle than at the top or the bottom. Although shortening is

not linear for the entire core, it is assumed to be linear over the interval being
corrected This assumption is necessary because we do not have any information
that would permlt a more accurate correction. '

l
l
\
\
\
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Table 2. Total shortening and penetration of Nueces River cores and percent
shortening calculated for each interval.

Core Outer Inner Total : Total Depth of - Interval
interval reading Oi reading li-  shortening penetration shortened  shortening
i (cm) (cm) Ci Pi interval ' %

(Du,i) ’
NR-1 : ;
0 101.0 101.0 0.0 0.0 0.0 - 0.0
1 80.5 80.5 0.0 20.5 20.5 0.0
2 69.4 69.6 0.2 31.6 31.4 1.8
3 59.8 - 60.0 0.2 41.2 41.0 0.0
4 57.2 - 57.4 0.2 43.8 43.6 0.0
5 52.6 53.0 0.4 48.4 48.0 4.3
6 49.6 50.0 0.4 51.4 51.0 0.0
7 47.0 : 47.6 0.6 54.0 - 53.4 7.7
NR-2 ,
0 100.9 100.9 0.0 0.0 - 0.0 0.0
1 83.8 83.8 0.0 171 174 0.0
2 78.2 - 78.2 0.0 22.7 22.7 0.0
3 73.8 74.0 0.2 27 .1 26.9 4.5
4 71.8 72.0 0.2 29.1 28.9 0.0
5 62.8 63.0 0.2 38.1 37.9 0.0
6 58.0 60.0 2.0 42.9 40.9 37.5
7 56.2 58.4 2.2 44.7 42.5 11.1
8 52.4 54.8 2.4 48.5 46.1 5.3
9 44.8 47.4 2.6 56.1 53.5 2.6
10 43.8 46.4 2.6 57.1 54.5 0.0
11 40.0 42.6 2.6 60.9 58.3 0.0
12 36.4 39.0 2.6 64.5 61.9 0.0
13 32.8 35.8 3.0 68.1 65.1 11.1
NR-3
0 100.7 100.7 0.0 0.0 0.0 0.0
1 89.6 90.0 0.4 11.1 10.7 3.6
2 76.0 76.4 0.4 24.7 24.3 0.0
3 64.2 64.6 0.4 36.5 36.1 0.0
4 59.6 60.0 0.4 41.1 40.7 0.0
5 51.8 52.2 0.4 48.9 48.5 0.0
6 49.4 49.8 0.4 51.3 50.9 0.0
7 45.0 46.0 1.0 55.7 54.7 13.6
8 41.0 42.6 1.6 59.7 58.1 15.0

14



Table 2 (cont.)

Core Outer Inner Total Total Depth of Interval
interval reading Oi reading li  shortening penetration shortened  shortening
i (cm) (cm) Ci Pi interval %

(Du,i)

NR-4
0 101.0 101.0 0.0 0.0 0.0 0.0
1 87.0 87.0 0.0 14.0 14.0 0.0
2 80.0 80.0 0.0 21.0 21.0 0.0
3 74.8 75.0* 0.2 26.2 26.0 3.8
4 70.2 70.4* 0.2 30.8 30.6 0.0
5 54.0 54.2 0.2 47.0 46.8 0.0
6 51.6 51.8 0.2 49.4 49.2 0.0
7 46.0 46.2 0.2 55.0 54.8 0.0
8 42.4 42.6 0.2 58.6 58.4 0.0
9 39.4 40.2 0.8 61.6 60.8 20.0

*Field data modified to avoid negative numbers.

NR-5
0 101.2 101.2 0.0 0.0 0.0 0.0
1 87.8 88.2 0.4 13.4 13.0 3.0
2 82.0 82.4* 0.4 19.2 18.8 0.0
3 72.4 72.8* 0.4 28.8 28.4 0.0
4 66.6 67.0 0.4 34.6 34.2 0.0
5 63.2 63.8 0.6 38.0 37.4 5.9
6 61.0 62.6 1.6 40.2 38.6 45.5
7 58.6 60.2 1.6 42.6 41.0 0.0
8 56.6 58.2 1.6 44.6 43.0 0.0

*Field data modified to avoid negative numbers.

NR-6
0 100.4 100.4 0.0 0.0 0.0 0.0
1 81.0 81.0 0.0 19.4 19.4 0.0
2 76.0 76.0 0.0 24 .4 24 .4 0.0
3 72.8 73.0 0.2 27.6 27.4 6.3
4 70.6 70.8 0.2 29.8 29.6 0.0
5 65.0 68.0 3.0 35.4 32.4 50.0
6 57.0 63.0 6.0 43.4 37.4 37.5
7 52.0 61.6 9.6 48.4 38.8 72.0

NR-7
0 100.0 100.0 0.0 0.0 0.0 0.0
1 86.0 86.0 0.0 14.0 14.0 0.0
2 81.0 81.0 0.0 19.0 19.0 0.0
3 79.8 79.8 0.0 20.2 20.2 0.0
4 71.8 71.8 0.0 28.2 28.2 0.0
9 66.6 66.6 0.0 33.4 33.4 0.0
6 60.4 60.4 0.0 39.6 39.6 0.0
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Table 2 (cont.)

Core Outer Inner Total Total Depth of Interval o
interval reading Oi reading li  shortening penetration shortened  shortening
i (cm) (cm) Ci Pi interval %

' (Du,i) |

7 55.6 55.6 0.0 44 .4 44 .4 0.0
8 51.2 51.4 0.2 48.8 48.6 ‘4.5
9 48.2 49.4 1.2 51.8 50.6 33.3

NR-8 -
0 100.6 100.6 0.0 0.0 0.0 0.0
1 89.0 - 89.0* 0.0 11.6 11.6 0.0
2 82.8 82.8 0.0 17.8 17.8 0.0
3 77.8 78.0 0.2 22.8 22.6 ‘4.0
4 58.6 59.0 0.4 42.0 41.6 1.0
5 44.8 45.6 0.8 55.8 55.0 2.9
6 31.4 32.8 1.4 69.2 67.8 4.5
7 20.0 22.0 2.0 80.6 78.6 5.3

*Field data modified to avoid negative numbers.

NR-9
0 100.3 100.3 0.0 0.0 0.0 0.0
1 87.5 87.5 0.0 12.8 12.8 0.0
2 83.6 83.6 0.0 16.7 16.7 0.0
3 72.0 -72.0 0.0 28.3 28.3 0.0
4 62.0 62.0 0.0 38.3 38.3 0.0
5 53.5 53.5 0.0 46.8 46.8 0.0
6 44.5 44.5 0.0 55.8 55.8 0.0
7 37.0 38.0 1.0 63.3 62.3 13.3

NR-10
0 98.5 98.5 0.0 0.0 0.0 0.0
1 79.0 79.0 0.0 19.5 19.5 0.0
2 74.0 74.0 0.0 24.5 24.5 0.0
3 61.0 61.0 0.0 37.5 37.5 0.0
4 55.0 5§5.0 0.0 43.5 43.5 0.0
5 49.5 50.5 1.0 49.0 48.0 18.2
6 45.0 47.0 2.0 53.5 51.5 22.2
7 42.0 45.0 3.0 56.5 563.5 33.3

NR-11
0 101.2 101.2 0.0 0.0 0.0 0.0
1 79.5 79.5 0.0 21.7 21.7 0.0
2 67.0 67.5 0.5 34.2 33.7 4.0
3 58.0 60.0 2.0 43.2 41.2 16.7
4 51.0 53.0 2.0 50.2 48.2 0.0
5 42.5 44.5 2.0 58.7 56.7 0.0
6 36.5 38.5 2.0 64.7 62.7 0.0
7 32.5 - 34.5 2.0 68.7 66.7 0.0
8 28.0 30.0 2.0 73.2 71.2 0.0

—
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Most cores from the Nueces River system underwent some shortening, and
most of the cores are shortened from 1 to 2 cm (table 2 and Appendix A). Core 1 is

th’e least shortened (0.6 cm), whereas core 6 is the most shortened (9.6 cm). Most of

~ the shortening in core 6 occurred below 30 cm. Core lengths estimated from the

shortening and penetration measurements generally agree within 1 cm of the actual
cpre length. Larger discrepancies between the depth of penetration and the length of
core recovered suggest that some of the sediment dropped out of the end of the core
bArrel as it was being retrieved.

| ; , Laboratory Methods

‘ore Preparation and Handling

N

Cores were split in half by first cutting horizontally down each side of the
m‘etal tube and then by cutting the core in half with a thin wire or band saw. The
taip section of each core, and in several cases the entire core, was cut with a fine-
tofothed band saw to limit disturbance of the root-matted zone. The two half cores
wiere then separated, each half retained in the half tube. One half of the core was
w‘rapped in plastic, sealed in an airtight clear plastic liner, and transported to the
IIFGS laboratory in Denver for x-radiography and analysis of 210Pb and 226Ra

ac;tivity, moisture content, loss on ignition, bulk density, and texture.
‘
| The other halves of the cores were archived and retained in the BEG Core
R;esearch Center where they were subsampled for other physical and chemical
analysis. Immediately after the cores were split, a measured volume of material was
ccfﬂlected from near the top, middle, and bottom of each core for analysis of moisture
cdntent, chlorinity, and bulk density.

Each half core was trimmed with an osmotic knife and physically described.
Information recorded on core description sheets included core depth, sediment

¢olor, sediment type (visual description), nature of contacts, textural trends,

se!dimentary structures, state of oxidation, and presence of accessories (organic
| .

material and caliche nodules). The cores were then photographed to produce large-

format color prints and 35-mm slides.




When not in use, the archived core halves were covered with plastlc wrap,
placed in labeled boxes, and stored in a climate-controlled room. The archived core
half serves as a permanent record of the sediment types encountered and the types
of material sampled for textural and geochemical analyses.

Analytlcal Methods

210pp Analys1s TIsotopic analysis of cores (Appendix B) was completed under
the supervision of Dr. Charles Holmes of the U.S. Geological Survey | using
procedures developed by the USGS (Holmes and Martin, 1976; Martin and Rice,
~ 1981), which is a modified version of that described by Flynn (1968) (Appendlx Qo).

The specific activity of 210Pb was measured indirectly by determining the activity of
the granddaughter isotope 210Po. Samples were analyzed at 1-cm intervals down to -

a depth of 20 to 21 cm, below which analyses were at 2-cm intervals. Samples were
separated by textural composition before isotopic analysis. Only the mud fractions
(silt and clay, or particles <62 um in size) were used in the 210Pb analyses.

226Ra Analysis. Isotopic analysis of 226Ra, which is the source of supported
210pb, was completed under the supervision of Dr. Charles Holmes at the USGS. A
representative sample was ground and placed in a counting cup. The cup was
placed in a high-resolution planar gamma-ray detector (germanium, lithium-
drifted) from which a spectrum was accumulated for 24 h. The resulting vdde was
compared to a standard of known value and reported as disintegrations per minute
per gram (dpm/g). The activity of 226Ra was determined by analysis of 214Bj, which
has a strong gamma emission and is easy to measure. 214Bi is one of several short-

lived intermediate daughters of 226Ra and is assumed to be in equilibrium with it

(fig. 5) (Dr. Charles Holmes, personal communication, 1995). This relationship
_ between 226Ra and 214Bi is also reported by Appleby and others (1988) and Brenner
- and others (1994).

The isotope 214Bi is one of several short-lived intermediate daughters of
226Ra; these daughters decay in a matter of minutes into 210Pb (fig. 5). 226Ra occurs
in minerals in the sediments and is the source of the supported 210Pb through the
decay chain, including 222Rn, shown in figure 5. The source of the “excess,” or
unsupported, 210Pb is from 222Rn that has outgassed into the atmosphere from
multiple source areas (Robbins, 1978). Although there may be some “leakage” of
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222Rn into the atmosphere from the sediments measured in cores, it is appérently
insignificant relative to the entire system. Atmospheric 222Rn decays (as it does in
the sediments) through the intermediate daughters including 214Bi (fig. S), but
because of the short half-lives of these isotopes relative to 210Pb, only the 210pp is
effectively deposited from the atmosphere into the sediments, where it constitutes
the “excess” or unsupported component of total 210Pb. 214Bi from atmospheric
222Rn does not become a significant part of the sediment and, thus, is not part of the

214Bi measured in the sediment to determine supported 210Pb. A total of 44

samples were analyzed for 226Ra; results are presented in the “Results” section of
this report and in Appendix B. '

‘Bulk Density, Moisture Content, and Organic Matter (USGS). Samples were
collected by slicing the half core (of measured diameter) into 1- or 2-cm wafers to
produce a known volume of sediment for bulk density measurements. The wet

sediment wafers were weighed, divided into two samples, one of which was then

dried at a temperature of 60°C for 24 h, and reweighed to determine moisture
content. The second subsample was separated into its textural components (sand,
silt, and clay) as outlined in the “Textural Analysis” section. The mud fraction was
analyzed for 210Pb activity using the procedure described in Appendix C. Organic
content was determined from weight loss-on-ignition (LOI) by heating the sample to
a temperature of 450°C for 6 to 12 h. Wet and dry bulk densities, water conteni, LOJ,
and mineral (inorganic) matter are presented in Appendix B. It was assumed that
sediments in the cores were carbonate free, but four cores (NR-4, NR-5, NR-7, and

NR-10) contain minor concentrations of carbonates in the form of small nodules

and tiny fragments of CaCO3, which are most abundant in the lower half bf the
cores. |

Bulk Density (BEG). A measured volume of sediment was obtained by
subsampling each half core with a cork borer of known diameter (1.17 cm), and
measuring the thickness of the half core, usually about 5 cm. Lengths were based on
the thickness of the half core rather than the removed sample plug because of
shortening of the plug when it was collected. Three subsamples were takveni from
each core near the top, middle, and bottom. The subsamples were placed in pre-
weighed containers, weighed, then dried at 105°C to constant weight. A total of 33
subsamples were analyzed. From these data, dry bulk density and moisture content
were determined (Appendix D).

20



K Textural Analysis. All samples were analyzed for textural composition by the

USGS following procedures detailed by Starkey and others (1984). Disaggregated

samples were wet sieved through a 230-mesh sieve to separate particles larger than
sapd size, >62 pm (which included sand, caliche nodules, and gross organics), from
silt and clay. The silt and clay fractions were separated by centrifugation, which is
sisentially a settling technique that operates according to Stoke’s law.

("]

} Salinity (Chlorinity) (BEG). For sediments with a high salt content, excess
10Pb activities should be determined on a salt-free basis (Church and others, 1981).
cf)tal chloride was measured by ion chromatography following BEG procedures
§pecific Work Instruction 1.15: Determination of anions by ion chromatography).
Three samples from each core (top, middle, and bottom) were analyzed. Chlorinity

was converted to salinity using a factor of 1.80655 (Duxbury, 1971).

N

o — |

RESULTS

Results of the 210Pb analysis are presented in Appendix B along with
measurements of 226Ra activity, water content, loss on ignition, mineral matter,
vet bulk density, and dry bulk density. Bulk density was determined for each
ample by the USGS. A few samples from each core were also analyzed for bulk
llensny by BEG. In general, bulk densities measured by the USGS were higher by an
werage of about 1.5 times than those determined by BEG. The reason for this
difference is not clear, but may be related to the variation in methods used to take
subsamples of the cores (see “Methods” section). Because USGS measurements
were made on every sample that was analyzed for 210ppb, the USGS bulk densities
pérovid'e the most complete data for analyzing cumulative inorganic mass and for

| . . .
determining dates and sedimentation rates.
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210pp Activity Profiles

’ The objective of this investigation was to determine sedimentation rates
based on 210Pb activity. Accordingly, results of other physical and chemical analyses
a‘re discussed primarily in terms of their influence on or relationship with the
dlstrlbutlon of 210Pb activity w1th1n a core. 210Pb activity profiles were completed

|
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for each core and examined carefully to determine trends and probable causes for
variations in trends.

Variations in 210Pb and Probable Causes

Plots of 210Pb activity against depth indicate some scatter and local va_x%iations

from linear trends for some cores. However, the amount of scatter in Nueces River
cores is much less than that found in Lavaca-Navidad River cores (Whi;te and
Morten’,‘ 1995). This reduction in the amount of scatter is attributed to a change in
‘procedures in which only the fine fraction (mud) was analyzed for 210pp aéctivity.
Fluctuations in 210Pb activity in the Lavaca-Navidad River cores were caused partly
by variations in sand content in the analyzed samples. Pronounced variations in
slope of the plots should define variations in .sedime_ntation rates, which can be
correlated with sediment deposition by the Nueces River. But local variations in
excess 210PDb activity involving individual samples or a few samples are not fully
understood. Some are apparently related to bioturbation and organic properties,
presence of carbonates, and other changes in sediment chemistry, and some are
possibly due to rad10act1v1ty counting errors. ‘ |

Biotuxbation. "According to some researchers, for example Nittrouer and
others (1979), the relatively uniform 210Pb activity in near surface layers of some
cores indicates a zone of bioturbation and mixing of sediments‘(fig‘. 6). In most
Nueces River cores, distinct evidence of bioturbation was not apparent in eiﬁher X-
rays or dressed and described cores. Below the root zZones, cores are homogenéous in
appearance and-profiles of total 210Pb against depth show that activities geherally

decline in a relatively linear fashion to depths of about 5 to 20 c¢m, below which
there is a ﬂat‘tening of the profile for most cores. We believe that the flattening
occurs as background or supported 210Pb levels are approached and reached at
depth. Varying from this general trend is core NR-10, which is nonlinear 1n the
upper 15 cm. The nonlinearity may be a result of bioturbation, physical mixing,

variations in organic matter or erosion and deposition during flood events. The

specific reason for the “saw-tooth” nature of the 210Pb profile is not totally clear, but
may be related to variations in deposition. This site appears to be one of the f1rst
sites inundated durmg floods along the Nueces River.
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Figure 6. Profile of 210Pb activity of a sediment core from the Washington
continental shelf showing the mixed surface layer. Bioturbation in marsh
surface layers can produce similar “flat” activities. From Nittrouer and others
(1979).
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Texture. Textural variations can influence excess 210Pb activity (fig. 7).
Activity levels are higher in finer sediments, apparently because Pb, like many other
metals, is sequestered by fine-grained particles such as clay minerals, organic matter,
and Fe-Mn oxides (Nittrouer and others; 1979). Sediment in cores taken in this

- study consists prxmarlly of homogeneous mud (silt and clay), but sand was hlgher -

than expected in some cores. Still, sand is a minor constituent overall (less than
20 percent) (Appendix B) except in core NR-9 where it composes, on average, almost
40 percent of the sediment in samples analyzed (fig. 8).

Because 210Pb activity is affected by sediment texture, exemphfled by

depressed 210Pb activities in sandy sediments, only the mud fraction was analyzed
for 210ppb.

Organics (Weight Loss-On-Ignition). The association between 210Pb activity
and organic content, based on weight loss-on-ignition (LOI), varies from core to core,
but generally there 1s a positive correlation. - Correlations are especially high for
some cores when only the top sections are considered and when one ofi‘ two
anomalous values are excluded. Under these conditions the square of the
correlation coefficient (R?) ranged from 0.746 to 0.945 in eight of the cores, and six of
the cores had R? of 0.818 or higher. Two of the highest positive correlations between
LOI and total 210Pb were in cores NR-1 (fig. 9) and NR-6 (fig. 10). The cores w1th the
lowest correlations were NR-2 and NR-9.

Calcium Carbonate (Caliche Nodules). Caliche nodules can influence 210Pb
activity. Fortunately, large nodules (1-2 cm in diameter) were not found in Nueces
River cores. Analysis of nodules from Trinity River cores (White and Morton, 1993)
indicated that they can be “hot spots” where 210Pb activity is substantially higher
than in surrounding sediments (Dr. Charles Holmes, personal commumcatlon
1993). In Nueces River cores, calcium carbonate specks were observed in the lower
portions of a few cores, but there is no obvious evidence that 210Pb activity was
affected. Carbonates of sand size or larger would have been separated from the mud
fraction before analysis of 210Pb. | |
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Figure 7. Relationship between grain size and initial 210Pb activity. From
Nittrouer and others (1979).
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Figure 8. Average percentages of clay, silt, and coarse textures in Nueces River

cores.

26



Total 210Pb (dpnvg)

NR-1

20

y = - 15172 + 2.6182x RA2 = 0.945
10 /

/
/
a
8
0 — ‘ v . ' ' .
5 8 7 8 9 10 11

LOI (%) (from 0-14 cm)

Figure 9. Correlation between percent LOI and total 210Pb activity in core
NR-1.
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Figure 10. Correlation between percent LOI and total 210pb activity in core
NR-6. |
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Salinity. Results show that sediments at three core sites, NR-5, NR-8, and

NR-9, are the most saline, each exceeding 20,000 ppm (fig. 11). The high salinities in
these three cores was expected because they were taken in vegetated “salt” flats
where plant species with a high salt tolerance are the dominant vegetation (table 1).
The deepest subsample from NR-10 also exceeded 20,000 ppm, which was not
ex}oected because the dominant vegetation at the surface was Borrichia frutescens.
The two sites with the lowest salinities are NR-1 and NR-6. Vegetation at each of
these sites indicated low salinities, especially at NR-6, where Typha sp. was
da{minant (table 1). The high salinities at several of the cores suggest that 210pp
should be determined on a salt-free basis for those cores to evaluate whether
sedimentation rates are significantly altered. |

|

\
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Figure 11. Salinities of sediments subsampled from cores taken in the Nueces River
cle:zlta and alluvial valley. ‘
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Location/

depth (cm)

NRD1/ 5
NRD1/23
NRD1/50

NRD2/ 5
NRD2/35
NRD2/62

NRD3/ 5
NRD3/33
NRD3/54

NRDM4 / 5
NRD4 /25
NRD4 /45

NRD5/ 5
NRD5/24
NRD5/39

NRD6/11
NRDé6/22
NRD6/36

 NRD7/11
NRD7/25
NRD7/44

NRD8/12
NRD8/42
NRD8/72

NRD9/ 5
NRD9/32
NRD9/59

NRD10/10
NRD10/27
NRD10/48

NRD11/28

NRD11/62 -

NRD11/67

Cl (mg/kg
@105°C)

297
519
2,967

6,803
6,639
5,347

606
2,885
4,077

4,044
3,087
3,479

17,001
17,708
13,249

2,450
2,315
2,306

5,645
6,855
8,526

14,647
23,311
28,067

21,663
15,870
15,216

8,298
9,753
12,209

8,335

5,691
7,256
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Table 3. Salinity of samples analyzed in cores.

Salinity (ppm) -
(Cl x 1.80655)

536
938
5,359

12,290
11,994
9,660

1,095
5,211
7,366

7,306
5,577
6,284

30,714
31,990
23,935

4,426
4,181
4,166

10,198
12,384
15,403

26,460
42,112
50,704

39,135
28,670
27,489

14,991
17,620
22,055

15,058
10,281
13,109



} Visible Physical and Chemical Variations. Most cores in the Nueces River

: system were homogeneous in appearance. Variations in appearance occurred in the

upper 5-10 cm of most cores where plant roots were abundant. Changes in color
generally occurred in deeper portions of the cores, but the color changes did not

- correspond to changes in 210pb activities, which were relative “flat” indicating

ba‘ckground or supported, 210Pb levels had been reached. There was little evidence
of oxidation in any of the cores. In contrast, almost all cores from the Trinity River
sy ystem showed evidence of oxidation in the upper halves of the cores.

| Accuracy of Analysis at Low 210pp Concentratlons Some fluctuations in
10Pb activity in the lower part of a core may be a result of low concentrations of
10Pb as background levels are approached. According to Dr. Charles Holmes
(USGS), the analytical variance (error bar) for samples with activities below
pprox1mately 0.5 dpm/g is larger than for samples with higher concentrations.

'Iherefore some of the sample to sample variations are simply related to counting

NM

ﬂ)

errors.
Determination of Excess (Unsupported) 210Pp

226Ra, One method used by researchers to determine supported 210Pb
aétivities is to analyze 226Ra from which supported 210pp is derived and with which
it is assumed to be in equilibrium (see “Analytical Methods” section). In some
éttings, however, 226Ra may be unusable because of possible disequilibrium
)etween 226Ra and 210Pb (Brenner and others, 1994). Still, in many coastal settings
226Ra has been used to estimate supported 210Pb. The USGS analyzed 226Ra in a
selected number of samples in all cores (Appendix B). Averages in cores varied
from 0.87 to 1.57 dpm/g (table 4). ’

n-‘m
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Table 4. Average activities of 226Ra in selected sediment ‘samples from Nueces
River cores.

Core no. Average 226Ra (dpm/g) Number of samples |
NR-1 c 089 2
NR:2 | 1.04 3
NR-3 1.29 11
NR-4 e 1.09 3
NR-5 ' 1.11 3
NR-6: - . : - .70.87 3
NR-7 5 ‘ . 0.98 3
NR-8 , 091 3
NR-9 ’ e 0.99 3
NR-10 1.57 8
2

NR-11 0.94

~ Supported 210Pb Based on Activity Profiles. The concentration of 210Pb in
most Nueces River cores approaches a constant level at depths generally less than
20 em. Estimates of supported 210Pb concentrations can be made from total 210Pb
~ activity in the lower part of each profile where it becomes “flat” as excess 21QPb
approaches zero. Estimates of supported 210Pb levels based on total 210Pb activity
profiles are typically higher than those based on 226Ra (table 5). For example,
averages are 1.36 and 1.06 dpm/g, respectively, for the activities listed in table 5. In
deeper parts of the cores, 226Ra and 210Pb should be in secular equilibrium and
activities should be equal. Lower activities of 226Ra compared to 210Pb (table 5)
have also been reported by other researchers, for example Robbins and others (1978),
who found 226Ra activities to be 10 to 30 percent lower than 210Pb and attributed
this difference to small intercalibration errors, to actual departures in secular
equlhbrlum, or to differences in leachabxhty of 226Ra and 210Pb in the analytical
process. Generally, activities of 226Ra appear to provide the best estimate of
supported 210Pb activities except in a few cases, discussed in the following section.
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Table 5. Estimated supported 210Pb levels based on average 226Ra activities, and
ayerage, or lowest, activities of total 210Pp near base of cores.

‘ Supported 210pp Supported 210pp |Cumulative excess
‘ based on average based on 210pp 210pp using
Core Number| 226, activity activities near |average 226Rra for
(dpm/g) base of core supported 210pp
(dpm/g) (dpm/cm?)
} ,
. NR-1 0.89 1.09 31.33
| NR-=2 1.04 1.05 38.13
NR-3 1.29 , 1.31 33.19
NR-4 1.09 1.60 27.51
NR-5 1.15 1.00 28.46
NR-6 0.87 1.60% : 58.88
NR-7 0.98 1.06 40.94
NR-8 0.91 1.70 , 37.37
NR-9 0.99 . ' 0.95 9.31
NR-10 1.57 1.88 , 25.63
NR-11 0.94 1.60 53.41
* Based in part on 226Ra activity and averages of 210pp near base of core.

| _

Cumulative Inventories of Excess 210Pb Activity
| .

Estimates of total unsupported residual, or cumulative excess, 210Pb activity

for the Nueces River system cores were made using average 226Ra activities as a

!3

heasure of supported 210Pb (table 5). Based on these data, cumulative inventories
f excess 210Pb for all cores range from 9.31 dpm/cm?2 to 58.88 dpm/cm?2. Eight of
he cores have cumulative excess Pb inventories ranging from approximately
6 dpm/cm2 to 41 dpm/cm2. Core NR-9 has an atypically low cumulative

N =+ O

o

nventory (9.31 dpm/ cm?2), apparently because too few samples were analyzed in the
upper part of the core to provide sufficient data for calculating the total cumulative
inventory (Appendix B). Cores NR-6 and NR-11 have the highest cumulative
inventories of 58.88 and 53.41 dpm/cm2, respectively (table 5). If the higher
bpported 210pPb activities derived from total 210Pb data are used (table 5),
umulatlve inventories are reduced to 35.11 dpm/cm?2 in core NR-6 and
9.97 dpm/cm? in NR-11. These inventories are more in line with those in other

wn

nmn

ores.

i
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Sedimentation Rates Based on 210Pb Activities

Sedimentation rdtes derived from three models CFS (constant flux—constant -

sedimentation), CRS (constant flux, or constant rate of supply), and CIC (constant
initial concentration) (Robbins, 1978; Oldfield and Appleby, 1984) were compaied to
determine the consistency and utility of the 210Pb data in calculating rates. USing
the CFS method, rates at coring sites range from less than 1 mm/yr to more than
5 mm/yr (table 6 and fig. 12). The lowest rate of 0.6 mm/yr at core NR-1 is in

agreement with rates determined using the CRS and CIC models (fig. 13) and is

supported by a rate based on archeological evidence found at the edge of Rincon
Bayou near the coring site. (Best agreement between models for NR-1 was achieved
by using a supported 210pp activity of 1.09 dpm/g from table 5). The archeological
evidence, which consists of a thin stratum of shells and  faunal bones, was
discovered at a depth of 25 cm by Mike Blum (University of Nebraska) and was
dated by Bob Ricklis (Archeologist, Corpus Christi) at 500 to 1,000 years B.P. (Before
Present). Using the more recent date of 500 years yields an average sedimentation
rate of 0.05 cm/yr for the 25 cm of sediment above the archeological horizon. This
rate is within 0.01 cm/yr of the rates determined from 210pb data. The geomorphic
setting of coring site NR-1 is consistent with the low sedimentation rate. The site is
approximately 3 km north of the Nueces River (fig. 1) and is partially “protected”
from flooding by an upland terrace that curves around the western (upstream) side
of the site. | |



Table 6. Average sedimentation rates for given core intervals. Rates are based on a
least-squares fit of Ln plots of excess 210pb against corrected depths (CFS model,
Oldfield and Appleby, 1984).

Sedimentation rate = Corrected depth

(CFS model) interval used (cm) Supported 210pb
Core no. (cm/yr) R2 (dpm/g)
NR-1 0.06 1-13 0.962 1.09
NR-2 0.55 1-29 0.834 1.04
NR-3 0.20 1-10 0.872 1.29
NR-4 0.20 1-15 0.917 1.09
NR-5 0.13 1-6 0912 1.15
NR-6 0.10 1-6 0.916 0.87
NR-7 0.16 1-12 0.926 0.98
NR-8 0.13 1-13 0.832 0.91
NR-9 0.10 1-9 0918 0.99
NR-10 0.32 1-20 0.852 1.57
NR-11 0.45 1-25 0.899 0.94
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Sedimentation Rate (cmlyr)

Core Number

Figure 12. Sedimentation rates of Nueces River cores using CFS model (table 6).
Depths are generally less than 15 cm. Supported 210pb for each core is based on
average 226Ra.

The highest sedimentation rates are at coring sites NR-2 and NR-11. Core
NR-11 was collected from an intertidal Spartina alterniflora marsh that receives
sediment from the Nueces River and Nueces Bay (fig. 1). Core NR-2 was collected
in a brackish-water marsh that had developed in a depression near the margin of a
tidally influenced lake. The average sedimentation rate at the two sites is 0.45 cm/yr
for NR-11 (fig. 14) and 0.55 cm/yr for NR-2. The rate at NR-11 is equal to the average
rate of relative sea-level rise of 0.45 cm/yr at the Rockport tide gauge for the period
from the late 1940s to mid-1980s (fig. 15). Other researchers have also reported a
close relationship between rates of relative sea-level rise and rates of estuarine
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Figure 13. Average sedimentation rates at core site NR-1 based on CFS, CRS,
and CIC models.
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Ln Excess Pb-210 (dpm/g) (0.94 SPb)

Figure 14. Average sedimentation rate at core site NR-11 based

model.
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Rockport Gauge: Monthly Mean Staff Height
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Figure 15. Average rate of sea-level rise at the Rockport tide gauge for the
period from the 1940s to mid-1980s. Average monthly tide levels from

National Oceanic and Atmospheric Administration (NOAA).

39



salt marsh sediment accumulation (for example, McCaffrey, 1977). Rates indicated
by cores from other locations in the Nueces River area are much lower and range
from 0.32 cm/yr at NR-10 to <0.20 cm/yr at the remaining sites (table 6).

Preliminary relationships between sedimentation rates, river suspended
sediment loads, dam construction, and relative sea-level rise were investigafed for
several cores. The results show some interesting and, in some cases, puzzling
trends depending on the sedimentation model used. There appears to be a
relatively consistent trend using the CFS model and calculating two rates of
sedimentation for linear segments of the 210ppb profiles representing the uppér and
lower parts of cores. Most cores show reductions in sedimentation rates from
around the 1930s to present (figs. 16 to 20). The Mathis Dam at Lake Corpus Christi
was constructed in 1929 (fig. 21) and is estimated to have trapped 75 percent of the
suspended sediment load delivered along the Nueces River (Brune, 1953). The
Seale Dam, which flooded the Mathis Dam at Lake Corpiis Christi, was completed in
1958 and traps more than 95 percent of the suspended sediment (Liebbrand, 1987).

NR-1

y =2.9568 - 0.68416x R"2 = 0.979

0.05' gisq cm/yr

y =1.2052} 0.23881x R"2 =0.952

0.13 gy/sq cmlyr

-1 4 1935 1915 \

0 5 10 15

Ln Ex Pb (0.89 SPb)

Mathis Dam (19

Cumulative Inorganic Mass (g/sq cm)

Figure 16. 210pp profile of core NR-1 showing decreasing rates of sedimentation
after approximately 1929 when the Mathis Dam was constructed on Nueces River to
form Lake Corpus Christi. Based on the CFS model and cumulative mass.
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Figure 17. 210Pb profile of core NR-3 showing decreasing rates of sedimentation
after the Mathis Dam was constructed on the Nueces River in 1929. Based on CFS

model and cumulative mass.

R-
2 NR-3
) ] 0.16 cmiyr (top 2 cm excluded)
& 1

) - - A2 =
g}' 0 - y = 2.2247 - 0.19116x R*2 = 0.891
= 4 2
o *® ° 0.30 cml/yr
E -1 9 Y (3
a8 - ® y =0.87751 -0.10399x R*2 = 0.87r
© -
o 2 . "
§ sl
o 3 (Mathis dam completed in 1929)

1 -
4 4 1932 .
L =
s y

-5 . . ' . ;
0 10 20 30 40

Corrected Depth (cm)

50

Figure 18. 210Pb profile of core NR-3 showing decreasing rates of sedimentation
after the Mathis Dam was constructed on the Nueces River in 1929. Based on CFS

model and corrected depth.
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"NR-6
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Figure 19. 210Pb profile of core NR—6 showing decreasing rates of sedlmentatxon
after the Mathis Dam was constructed on the Nueces River in 1929. Based on CFS
model and cumulative mass.
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Figure 20. 210Pb profile of core NR-7 showing decreasing rates of sedimentation
after the Mathis Dam was constructed on the Nueces River in 1929. Based on CFS
model and cumulative mass. _ | Lo -
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Figure 21. Suspended sediment load (percent by weight) for the Nueces River.
The Three Rivers station is upstream from Lake Corpus Christi, and Mathis
station is downstream. No data for dashed segments. Note the time of
completion of the Mathis and Seale Dams that formed Lake Corpus Christi.
From Morton and Paine (1984).
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Rates of sedimentation derived from the three models show relatively close

agreement between average CFS and CIC rates for the upper part of all cores (fig. 22
and table 7). In five cores, there is agreement between rates based on all three
models (fig. 22). In the other six cores, however, CRS rates are higher than those
based on CFS and CIC. In addition, there is disagreement between the CFS- and
CRS-derived sedimentation trends for earlier and later periods. For example, unlike
the CFS model, which indicates lower rates after 1930, CRS rates for some cores
increased after 1930 (fig. 23).

Average Sedimentation Rate (cm/yr)

4
g
é
4

 NR-1 NR-2 NR-3 NR-4 NR-5 NR-6 NR-7 NR-8 NR-9 NR-10 NR-11

Core Number

Figure 22. Comparison of sedimentation rates derived from the CFS, CRS, and CIC
models. There is relatively close agreeinent between CFS and CIC rates in all cores
and between CFS, CIC, and CRS rates in five cores. See table 7 for core depths on
which rates are based.
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Figure 23. Changes in sedimentation rates through time at core site NR-7,
based on the CRS model. Note that rates appear to increase after the 1930s
until 1975. The CFS model indicates that rates decreased after 1930 at this site
(fig. 20).
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- The CRS model helps define more recent trends, ‘v example, from the 1950s
to present. Changes in relative sea-level (RSL) rise over the past five decades may
have influenced sedimentation at some sites. At NR-11, an intertidal site, rates of
sedimentation appear to have been highest during the period from 1964 to 1975,
when the rate of RSL rise was the highest, and lower from 1975 to the 1990s, when
the rate of RSL rise was lower (fig. 24). A few other coring sites also indicate a
decline in sedimentation rates during these periods, but these trends can be related
to suspended load changes along the Nueces River (figs. 25 and 26). |

Although sedimentation can be influenced by changes in streamflow or
relative sea-level rise, these two processes are sometimes related. Secular variations
in sea level can be caused by climatic factors, such as droughts and periods of higher
than normal precipitation and riverine discharge. These short-term sea-level
variations produce temporary adjustments in the longer term trends related to
eustatic sea-level rise and subsidence. Such variations can apparently 'affect
sedimentation rates as illustrated by the positive correlation between chah_ges in
RSL rise rates, sfréamﬂow (and suspended sediment load), and sedimentation at
least in some cores for the period 1961-1975 (fig. 27). It is possible that Hurricanes
Carla (1961), Beulah (1967), and Fern (1971) affected the sedimentation rates for the
period 1961-1975. Hurricanes Beulah and Fern caused abnormally high rainfall,
which was reflected in high streamflow (and sediment load) along the Nueces River
in 1967 and 1971 (fig. 27).

Table 7. Average rates of sedimentation for selected depths in Nueces River cores
based on CFS, CIC, and CRS models.

CFS rate CRS rate CIC rate Corrected. ‘Anomalies

Core no. " (cm/yr) (cm/yr) (cm/yr) (em) ’ excluded
NR-1 0.06 0.06 0.06 1-10
NR-2 0.55 ‘ 0.58 046 ©1-29
NR3 0.20 0.21 0.17 1-10
NR+4 : 0.20 0.38 0.18 . 1-15 1
NR-5 0.13 0.62 0.12 1-6 .
NR-6 0.10 0.42 0.09 1-6; 1-12.CRS
NR7 - 0.16 0.35 0.15 1-12; 1-7 CRS ;
NR-8 0.13 0.17 0.16 1-13 1
NR-9' ~0.08 010 0.07 . 18,CRS
NR-10 0.32 0.64 0.27 1-20; 1-11 CRS 3

NR-11 0.45 0.87 ©.0.41 ; 2-25; 1-18 CRS 3
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Figure 24. Comparison of changes in rates of relative sea-level rise at the
Rockport tide gauge with changes in sedimentation rates at core site NR-11.
Tide data from NOAA.
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Figure 25. Comparison of changes in suspended load of the Nueces River
with changes in sedimentation at core site NR-7. The sedimentation rate
decreased in the mid 1970s, which corresponds with a decrease in suspended
load. Suspended load data from the Texas Water Development Board
(TWDB).
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Figure 27. Comparison of rates of sea-level rise at the Rockport gauge, stream-

flow at the Mathis station, and sedimentation at core site NR-11. Tide data
from NOAA and streamflow data from TWDB.
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Annotated Plots of Probable Causes for Variance in 210Pb Activity

Depth plots of total 210pp activity (figs. 28 to 38) are annotated to indicate
probable causes of local variations in excess 210pp activity. The plots were compared
with the actual cores, core descriptions, x-radiographs, organic matter (LOI), and
textural properties in an effort to explain some of the variations in 210pp activity.
Note that depths used in these illustrations are actual core depths and are not
corrected for shortening.

51



N e R [

- *3myoad parejouue [-¥YN 310D ‘g7 231y

(wd) ydaqg pelsasiIodun

09 0§ o _ o€ - 02 oL o 0
F— “ “ n ——t “ L0
-
m.v.. o
W n
| g m " om N (] n Emm b
el T o
wo (0Z Mo|8q pajiow pue 10j0d ul Jaybry_ [ ] 'y
. = 2
: , u a
wo Q-0 luepunge soluebio pue sjooy C i .m
001}

I-HUN



0S

-3[yoad pajejouue Z-YN 310D ‘67 N3]

(w2) yideqg pealoasi0oun

Sy o¥ GeE 0€ Ge 0e Gl 0t G 0
]
] [
[ ] L ]
I » | |
= Em - L]
. ny ",
Wwd G2 Mmo|8q pslion W ]
* -
~7
sisAjeue |O7 ul pue Aes-x ul pajesipul
Jusyuod oluebio o)} pajejas Alqissod suoneuep

¢-dN

wo /-0 1oedwod ss9| ‘Yos

1’0

ot

(6/wdp) 012-ad IeloL

53



09

-ayoid pajejouue ¢-yYN 310D ‘0¢ 231y

(wo) yideg peroaiiooun

0§ ov - oe 02 o1 0
lIlll,Illl-lll-.ll .
. amg "HE
wo 0g 'xoidde mojaq pajoW -
012-Q4 [€101 PUB |07 USBMISq UONE|8LI00 YBIY A1an & SI.8ieyL : \‘Llh
. . L} |
souebio Aq peioaye A|qissod il B

€-UN

wo g-1 pelew jooy.

L0

ot

(6/wdp) 0LZ-ad lelol



-a[yoxd pajejouue F-YN 310D ‘¢ 2InJig

(wo) yideqg peldasiodun
o€ Ge 0¢ Gl ol °] 0

& | } | “ t

10

T T T T

Wwo G| Mo|eq Sa8jeuoqie)

m " "

Ael-X Ul UMOYS Se WO g mojaq asusap alow Apybls |

2
107 Yyum uone|a100 ybiH o

—

wo €-0 -
auoz pejew jooy

v-UN

-0}

(6/wdp) 0LZ-ad IeloL

55



a[yoxd pajejouue G-yYN 210D ‘g¢ dnr

(wd) ydea paldasiIoduUn

0¥ S€g 0€ k4 0¢ Gl 0t G . 0
papiow pue J91yby
‘WO Gg Mmojeq abueyd JOj0D___ fei-y uo paresipur
wo Gz-G| Alsuap 19moT
u ] = : _
u E B , ‘ , n
= u u "N e e g - llllllilllllll. ]

Buinow jo july

‘WO Gl mojeq abueyd J0joo yblS

sojueb10 palayess ]

S-HN

1’0

oL

(6/wdp) 0L2-ad IelolL

56



ov

-a[yo1d pajejouue 9-yN 310D ‘g¢ 2mI1g

(wo) yideqg paroalioosun

GE 0€ x4 0¢ Gt

| | }

+

| | |
T T T T T

L0

012-Gd % 107 usamaq uonejaiod ybly Aisp

wo ¢€-0 Bauoz pajew-100y

9-UN

- 01

(6/wdp) 012-Qd Iei0L

57



-3[yoid pajejouure Z-yN 310D ¢ I3y

(wo) yideqg peajoatioosun

0¢ 154 ov. g¢g 0€ G¢ (14 Sl 0l \ S ,o
wo 0z mojaq jassedde Buion
— = m w
. . m [ ] .
= ", L SpmmmmEgmg,
bl v
-III

uone|auod ybly ‘wo 9-0—————

0lg-Qd pue |O 1 usamieq _  _m |

Z-HN

L0

ot

(6/wdp) o12-ad m’ox '

58



-ayo1d pajejouue g-yN 310D ‘G¢ aInJig

(wa) yydag paldalsiooun

91 vi ¢l ot 8 9 14 [ 0
_ﬂ “ f f # f “ “ L0
—wo 9| Mojaq J0jod U1 JaIybI papnoxe wo G 1 ojdwes ji wo 9-0 Woy —]
= 012-Qd Pue |07 Udamleq uone|81I0d UYbIH=—— |
n n s =
. n - E =
- | S—
—
—— 0l
juepunge solueBio pue Sj001 ‘WO 9 -0
001

8-HN

(6/wdp) 012-Ad IeloL

59



-argoxd pajejouue g-}N 210D ‘9¢ 23]

(wd) yideaqg pajoasiooun
Al 0l 8 , 9 4

1 | ! 1 Il

T T T T T

yidep yum i19kes6 o} ysiumoiq woly Ajjesauab

wo 9} pue / e inddo sabueyd 10j0)

6-HN

L'0

ot

(6/wdp) olz-ad IelolL

60



09

-3[yoad pajejouue OI-¥YN 310D /¢ 31y

(wo) yideqg pejoesiodun

0S (007 o€ 02 0t 0
SI0118 mEE:.oo 0} anp Ajqissod saijoweuy
N
P AN
'S -
5 v
= 4
= - . s
m u " . == llllllll n
[ L [}
10j00 ul snosuabowoy aAle|ay n li [ Rl
-
wo g| 0} uasedde sjoos abie

OL-HN

L0

ot

(6/wdp) 0L2-qd IeiolL

61



- 09

-aqyord pajeiouue [N 210D ‘g€ 231

(wd) yideqg uo-ooboo::

0g ov o€ 0¢ (0]} 0
wo /2 mojaq Jayis sawodsq Ae|) JUaluod Jatem ybiy ‘snosusbowoy ‘Yo —
n u n g u ® " " .
. m ' nu . T T
mm u u o, um"®
n u.

-P!-.m-l

Juepunge S}00J ‘W9 gZ-0 ]

LL-4N

L0

ot

(6/wdp) oL2-ad IeloL

62



]

)

{ i

I —

| I

"

)

RELATIVE SEA-LEVEL RISE

Relative sea-level rise as used here is the relative vertical rise in water level
with respect to a datum at the land surface, whether it is caused by a rise in mean-
water level or subsidence of the land surface. Along the Texas coast both processes
eustatic sea-level rise and subsidence, are part of the relative sea-level rise equation.
Sub51dence, especially associated with pumpage of ground water and oil and gas, is
thé overriding component. As defined in this report relative sea-level rise does not

i kclude the offsetting effects of vertical accretion.

':1

Eustatic Sea-Level Rise and Subsidence

Over the past century, sea level has been rising on a worldwide (eustatic) basis
at a rate of about 1.2 mm/yr, with a rate in the Gulf of Mexico and Caribbean region
of 2.4 mm/yr (Gornitz and others, 1982; Gornitz and Lebedeff, 1987). Adding
compactional subsidence to these rates yields a relative sea-level rise that locally

exceeds 10 mm/yr (Swanson and Thurlow, 1973; Penland and others, 1988).

} Rates of “natural” compactional subsidence and eustatic sea-level rise, which
together may range up to 12 mm/yr in the Galveston area (Swanson and Thurlow,

1‘9%73; Gornitz and Lebedeff, 1987; Penland and others, 1988), are locally dwarfed by
huiman—induced subsidence, for example in the Houston area, where subsidence
rates at some locations exceed 100 mm/yr (Gabrysch and Coplin, 1990). The major

cause of human-induced subsidence is the withdrawal of underground fluids,
pr‘incipally ground water, oil, and gas (Pratt and Johnson, 1926; Winslow and Doyel,
1954; Gabrysch, 1969, 1984; Gabrysch and Bonnet, 1975; Kreitler, 1977; Verbeek and

Clanton, 1981; Kreitler and others, 1988).

~ Relative Sea-Level Rise in the Study Area

Tide gauge records and benchmark releveling surveys from the National
Qceanic and Atmospheric Administration (NOAA) National Geodetlc Survey
(NGS) prov1de data for determining rates of relative sea-level rise in the Nueces
River valley near Odem. Paine (1993) compiled data on vertical movement using
gional first-order levelings conducted by NGS in the 1950s, late 1970s, and early

v

re
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1980s. Vertical movement at each benchmark in the network was determined with

reference to an arbitrarily chosen benchmark, F46 at Sinton (Paine, 1993). The

geodetic network was referenced to sea level through leveling lines to tide gauge
~ stations at Galveston, Rockport, and Port Isabel (fig. 39). These data provide relative
sea-rise rates at benchmarks along the mam leveling lme that crosses the Nueces
River Valley south of Odem (fig. 40).

Rates of relative sea-level rise in millimeters per year for the period
1951-1982 were determined for five benchmarks along the MOPAC railroad that
crosses the Nueces River valley just east of U.S. Highway 77, between Odem and
Calallen (fig. 41 and table 8). Rates of relative sea-level rise were estimated relative
to the tide gauge at Port Isabel because dates of leveling surveys between Algoa and
Harlingen and Harlingen and Port Isabel were in close agreement, and use of the
Port Isabel gauge did not require extrapolation from a benchmark several kilometers
away as was necessary for the Rockport gauge (Paine, 1993). Rates of relative sea-
level rise are also relative to the reference benchmark F46. Movement of tide
gauges relative to F46 are shown in table 9. '

Table 8. Rate of vertical movement relative to BM F46 (Sinton) for selected
benchmarks along a leveling line that crosses the Nueces River valley at the
Missouri-Pacific Railroad between Odem and Calallen just east of U.S. Highway 77.
Positive change is upward relative to BM F46. Data from National Geodetic Survey
as compiled by Paine (1993). | |

" NGS Benchniark ' " Rate of vertical movement of BM
' (mm/yr) 1951-1978

2175 +7.10
V175 +0.80
K46 +1.63
P176 +0.71
R176 +16.73
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Figure 39. Location of National Geodetic Survey leveling lines and National
Ocean Survey tide gauges. From Paine (1993).
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Figure 40. Location of benchmarks along leveling line across the Nueces

‘River south of Odem.
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RSL Rise Rate (mm/yr) 1951-1982
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Figure 41. Rates of relative sea-level rise between 1951 and 1978 to 1982 along
a line crossing the Nueces River valley south of Odem. Based on data from
Paine (1993).
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Table 9. Rates of vertical movement relative to -NGS benchmark F46 and rates of
relative sea-level rise at the Port Isabel, Rockport, and Galveston Pier 21 gauges
From Paine (1993).

Vertical Relative sea-level Relative sea-level
movement relative  rise rate 1951 to rise rate relative to
Tide gauge to F46 (mm/yr) 1982 (mm/yr) F46 (mmljr)
PortIsabel 427 4.6 . 73
Rockport g +2.2 ) 54 ° | 7.6
Galveston Pier 21 -2.3 8.2 5.9

Table 10. Relative sea-level rise rates for selected benchmarks along a line that
crosses the Nueces River valley between Odem and Calallen. Rates are relative to
the Port Isabel tide gauge and benchmark F46 (Sinton) and were determined by
adding the relative sea-level rise rate (equivalent to a negative vertical movement
of the land surface) at the Port Isabel gauge (table 9) with the vertical movement of
benchmarks shown in table 8. These data are from Paine (1993). See figure 40 for
location of benchmarks and figure 41 for plot of rates of relative sea-level rise..

. RSL rate (mm/yr)
NGS benchmark 1951-1982

Z175 0.2
V175 i | 6.5
K46 | 57
P176 6.6

R176 9.4

For the period of 1951 to 1982, rates at benchmarks on the north and south
edges of the Nueces River valley were about 6.5 mm/yr (table 10 and fig. 41). Rates
are considerably lower at benchmarks further north and south, and, in fact, BM R176
to the south moved upward relative to BM F46 and the Port Isabel tide gauge; the

relative rate of sea-level rise at this benchmark is -9.4 mm/yr, indicating a rise in

‘the land surface relative to sea level (table 10).
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% The rate of 5.7 mm/yr at benchmark K46 on the south bank of the Nueces
Riiver is similar to the RSL rate of 5.4 mm/yr for the Rockport tide gauge for the
:riod 1951-1982. This rate (5.7 mm/yr) exceeds the Gulf of Mexico mean sea-level
r s:,e rate by a factor of about 2 to 5, based on the regional Gulf of Mexico rate of
24 mm/yr and the eustatic rate of 1.2 mm/yr, respectively (Gornitz and Lebedeff,
1 187). The accelerated rates of sea-level rise are apparently related to subsidence,

;uch of which may be the result of regional oil and gas production and
epressurization (Paine, 1993). Subsidence and faulting associated with the Saxet oil
an‘d gas field west of Corpus Christi are well documented (Gustavson and Kreitler,
9;76; Hillenbrand, 1985). NGS benchmark releveling data reported by Brown and

tfhers (1976) show subsidence of approximately 6.7 mm/yr from 1942 to 1951,

QO =

encompassing an area of 389 km2 north and northeast of Corpus Christi, an area
that includes the Nueces River alluvial valley and delta south of U.S. Highway 77
(fig. 42).

Relative Sea-Level Rise at Coring Sites

Because rates of relative sea-level rise can be locally affected by subsidence
associated with oil and gas production, it is difficult to determine with certainty the
rates at locations away from the benchmark releveling line. Historically, wetland
loiss has been most extensive near the bayward reaches of the Nueces River delta
(White and Calnan, 1990). Between the 1930s and 1979, approximately 130 ha of
efnergent vegetation was converted to open water and barren flats. Progradation of
the Nueces River delta into Nueces Bay ended sometime between 1930 and 1959
(Morton and Paine, 1984). Subsidence and reductions in the volume of fluvial
sediments delivered by the Nueces River as a result of upstream dams may account
or the retreating shoreline and loss of interior emergent vegetation (White and
alnan, 1990). Still, without benchmark releveling data down the valley, it is not
Eossible to determine if subsidence is occurring at a higher rate nearer to Nueces
‘ay. As mentioned, the closest tide gauge station with a sufficient period of record is
t Rockport, where the relative sea-level rise rate for the period 1951-1982. is

|
4 mm/yr (Paine, 1993) and from the 1940s to 1980s, 4.5 mm/yr (fig. 15).

o
b dd
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EXPLANATION. . | o A

S ACTIVE 'SURFACE FAULT i 4
URBAN LAND {

Figure 42. Land-surface subsidence in the Corpus Christi area (1942-1951).
Level data from NOAA. After Brown and others (1976). Subsidence probably
caused by oil and gas production. ‘
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Our best information on rates of relative sea-level rise are provided by the
benchmark releveling surveys and tide gauges, which indicate that rates near U.S.
Highway 77 are about 6 mm/yr in the Nueces River valley and about 6.5 mm/yr on
the valley margins. This releveling line is closest to coring sites NR-6, NR-7, and
NR-10 (fig. 1); however, we suggest that a relative sea-level rise rate of at least
6.5 mm/yr be used for all sites in the study area.

CONCLUSIONS

Excess 210Pb activity decreases exponentially with depth. Most of the profiles
of log normal activity versus depth exhibit few departures from linear relationships.
A “flattening” of the 210Pb profile occurs in most cores where background activities
(supported 210Pb) are reached at depths typically below 20 cm. Some variations in
excess 210Pb activity appear to correspond to physical or chemical variations in the
sediments such as changes in organic and textural content. Isolated samples that
plot considerably outside linear trends of other samples (possibly as a result of
counting errors) should be examined individually for possible exclusion from
calculations. Subtle variations in excess 210Pb activity may signify a relationship
between flooding and sedimentation, which hopefully can be defined by the Texas
Water Board’s model (Longley, 1992b). Because most cores from the Nueces River
underwent some shortening during coring, corrected depths should be used in
determining sedimentation rates unless rates are based on cumulative inorganic

mass.

Preliminary analysis of excess 210Pb activities, including cumulative
inventories, indicates that these data should provide useable dates and
sedimentation rates for comparison with river discharge information. Preliminary
estimates of dates and sedimentation rates in several cores indicate some interesting
trends. For example, in core NR-1, different models (CFS, CRS, and CIC) yield
equivalent sedimentation rates of 0.06 cm/yr. This is the lowest measured rate in all
cores and is supported by archeological evidence collected near the site. One of the
highest rates of sedimentation was at core site NR-11, an intertidal Spartina
alterniflora marsh on the edge of Nueces Bay and the Nueces River. The average
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rate of sedimentation at this site is 0.45 cm/yr, which is equivalent to the rate of
relative sea-level rise for a similar period (1940s to 1990s) at the Rockport tide gauge.
- Average rates of sedimentation based on CFS and CIC models are in agreement in
all cores. Average sedimentation rates based on all three models—CFS, CIC, and
CRS—are in agreement in five cores. ‘

Using the CFS model, the calculated rate of sediment accumulation in all
cores decreases after about 1930, suggesting that impoundment of Lake Corpus
Christi in 1929 was responsible. The CRS model flags more recent events in several
cores, indicating a period of higher sedimentation from 1960 to 1975 and a lower rate
(50 percent lower) after 1975. This decreasing rate correlates with decreasing
sediment load along the Nueces River and a lower rate of relative sea-level rise as
documented by the Rockport tide gauge. The period 1960 to 1975 was influenced by
three hurricanes that impacted the area, Hurricanes Carla (1961), Beulah (1967), and
Fern (1971). Hurricane Carla was characterized by high storm surge that flooded the
Nueces River valley and all coring sites, and Hurricane Beulah was characterized by
high rainfall and extensive fresh-water flooding. Streamflow peaks recorded at the
Mathis stream-gauging station in 1967 and 1971 documented the high rainfall that
occurred during these yéars. .

Supported 210pp levels vary from core to core and in a single core depénding
on whether average activities of 226Ra or constant activities of 21 OPb at depth are
used to determine the level of supported 210Pb. The supported 210Pb levels
determined by both methods should be considered. =

Benchmark releveling lines indicate that the lower Nueces River valley is
sub51d1ng For the purpose of determining offsetting sedimentation rates, it is
recommended that a relative sea-level rise rate of at least 6.5 mm/yr be used for all
coring sites. |
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APPENDIX A

Core Shortening Analysis
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APPENDIX B

210pp, 226Ra, Water Content, LOI, Bulk Density, Texture, and
Depth Corrections from Shortening
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Uncorr. Corr. |Wt. Wet| Wi. Dry . Coarse Silt Clay |Wet Bulk| Dry Bulk Total ;
Core No. mmz..w_o Depth | Depth | Sample | Sample AMW. A_.M zhﬁws. Fraction | Fraction | Fraction| Dens | Dens | Pb-210 Auﬂ:\av _mn.ww -
ol em | em | @ | (@) (%) | %) | (%) | (g/ce) | (gree) | (dpmrg) | (P
NR 9 1 1 1.0000| 65.0 49.6 23.7 11.64 | 64.67 | 24.2 48.4 27.4 1.32 1.01 4.6208 3.6308 0.093
NR 9 2 2 2.0000| 59.7 47.0 21.3 | 22.43 | 56.30 28.6 39.4 32.0 1.21 0.95 3.2768 2.2868 0.017
NR 9 3 3 3.0000| 53.2 42.7 19.7 8.45 71.81 24.6 44.4 31.0 1.08 0.87 2.2588 1.1 1.2688 0.012
NR 9 4 4 4.0000| 78.5 61.4 21.8 8.24 69.98 15.2 41.2 43.7 1.59 1.25 1.8010 0.8110 0.020
NR 9 5 5 5.0000| 79.9 60.9 23.8 8.89 | 67.33 15.5 35.9 48.6 1.62 1.24 1.5851 0.5951 0.004
NR 9 6 6 6.0000| 83.7 63.6 24.0 | 21.14 | 54.84 18.1 41.3 40.6 1.70 1.29 na na
NR 9 7 7 7.0000{ 92.1 73.3 20.4 | 20.86 | 58.73 | 30.6 43.0 26.5 1.87 1.49 1.3142 0.3242 0.004
NR 9 8 8 8.0000| 81.1 65.2 19.6 | 20.93 | 59.47 33.7 30.6 35.8 1.65 1.32 na na
NR 9 9 9 9.0000{ 59.8 48.2 19.4 6.24 74.36 33.7 37.2 29.1 1.21 0.98 1.3045 0.3145 0.003
NR 9 10 10 10.0000| 56.0 44.6 20.4 7.86 | 71.79 | 25.7 34.6 39.8 1.14 0.91 na na
NR 9 11 11 11.0000| 90.0 217 20.3 7.38 | 72.29 | 37.1 35.3 27.6 1.83 1.46 na na
NR 9 12 12 12.0000{ 57.6 46.3 19.6 8.41 71.97 | 31.4 36.8 31.8 1.17 0.94 0.9576 -0.0324 | -0.001
NR9 13 13 13.0000| 109.4 88.0 19.6 2.33 78.11 39.9 24.7 35.4 2.22 1.79 0.7424 0.82 -0.2476 | -0.003
NR 9 14 14 14.0000| 70.1 56.7 19.1 6.33 74.55 39.0 25.5 35.6 1.42 1.15 0.9296 -0.0604 | -0.001
NR 9 15 15 15.0000| 81.5 65.2 20.0 7.60 | 72.40 | 40.1 28.2 31.8 1.65 1.32 na na
NR 9 16 16 16.0000| 75.8 58.8 22.4 7.36 70.22 40.5 32.7 26.8 1.54 1.19 0.9593 -0.0307 | -0.001
NR 9 17 17 17.0000| 80.3 64.0 20.3 16.44 | 63.26 | 43.7 28.4 28.0 1.63 1.30 0.6657 -0.3243 | -0.003
NR 9 18 18 18.0000| 91.9 72.8 20.8 11.88 | 67.34 43.1 34.5 22.4 1.87 1.48 na 1.06 na na
NR 9 19 19 19.0000| 100.2 78.5 21.7 na 35.4 39.3 25.4 2.03 1.59 na na na
NR 9 20 20 20.0000{ 61.3 48.4 21.0 na 36.3 32.4 31.3 1.24 0.98 na na na
NR 9 21 22 22.0000{ 220.5 | 174.1 21.0 na 41.4 27.5 31.1 2.24 1.77 na na na
NR 9 22 24 24.0000| 163.9 | 130.1 20.6 na 48.2 31.2 20.6 1.66 1.32 na na na
NR 9 23 26 26.0000| 204.2 | 160.7 | 21.3 na 43.9 26.8 29.4 2.07 1.63 na na na
NR 9 24 28 28.0000( 184.7 | 143.4 22.4 na 46.4 24.0 29.6 1.87 1.46 na na na
NR 9 25 30 30.0000({ 182.8 | 141.8 22.4 na 42.1 36.7 21.2 1.86 1.44 na na na
NR 9 26 32 32.0000{ 192.0 | 149.0 22.4 na 35.4 38.8 25.8 1.95 1.51 na na na
NR 9 27 34 34.0000{ 173.9 | 135.2 | 22.3 na 46.0 29.6 24.4 1.27 1.37 na na na
NR 9 28 36 36.0000/ 178.9 | 138.7 22.5 na 40.9 29.2 29.9 1.82 1.41 na na na
NR 9 29 38 38.0000 190.3 | 146.5 23.0 na 29.2 37.9 32.8 1.93 1.49 na na na
INR S 30 40 40.0000| 178.6 | 138.0 | 22.7 na 37.7 32.6 29.7 1.81 1.40 na na na
NR 9 31 42 42.0000{ 183.0 | 141.7 | 22.6 na 42.7 33.7 23.5 1.86 1.44 na na na
NR 9 32 44 44.0000/ 180.0 | 140.3 | 22.1 na 41.4 26.5 32.1 1.83 1.42 na na na
NR 9 33 46 46.0000| 210.7 | 161.6 | 23.3 na 41.4 29.7 28.9 2.14 1.64 na na na
NR 9 34 48 48.0000| 174.8 | 134.8 | 229 na 43.0 28.5 28.5 1.77 1.37 na na na
NR 9 35 50 50.0000/ 188.5 | 137.9 | 26.8 na 41.2 34.2 24.6 1.91 1.40 na na na
NR 9 36 52 52.0000| 168.2 | 128.2 | 23.8 na 40.1 28.8 31.2 173 1.30 na na na
NR 9 37 54 54.0000( 219.1 | 166.5 | 24.0 na 43.1 24.2 32.7 2.22 1.69 na na na
NR 9 38 56 56.0308( 172.0 | 130.7 | 24.0 na 40.7 28.1 31.2 1.75 1.33 na na na
NR 9 39 58 58.3385| 201.2 | 154.3 | 23.3 na 53.1 24.0 22.9 2.04 1.57 na na na
NR 9 40 60 60.6462| 175.5 | 134.4 23.4 na 47.0 21.7 31.2 1.78 1.36 na na na
NR 9 41 61 61.8000/ 159.7 | 119.0 25.5 na 36.8° 25.7 37.5 1.62 1.21 na na na
><D = 0.99
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APPENDIX C

Laboratory Procedures for Determining 210Pb Activities



USGS Laboratory Procedures for Determining 210Pb Activities

The U.S. Geological Survey's Analytical Laboratory at Denver analyzed 210pp
activity in the cores. Analyses were completed under the direction of Dr. Charles W. Holmes.
Other USGS personnel involved in the analyses were James D. Cathcart and Margaret Marot.
The cores were sampled at either 1 cm or 2 cm intervals from the center of each core from top to
bottom. Analyzed samples were prepared using the following 14 steps modified from Flynn
(1968) and Martin and Rice (1981).

1. Wet samples are placed into clean, preweighed procelain evaporating dishes,

weighed, dried at 40°C, and reweighed to determine water loss.

2. Dried samples are ground to a fine powder (75-100 U.S. Standard mesh) in a grinding

mill to obtain an homogeneous sample for analysis.

3. Sample splits of approximately 5 g are made and weighed, placed into precleaned,
preweighed crucibles and heated in a muffle furnace at 450°C for 6 hrs until a stable weight is

obtained. The samples are allowed to cool to room temperature and reweighed.

4. Each sample is transferred to a 100-ml Teflon beaker using 5-10 m. of reagent grade
16N nitric acid (HNO3). A known amount of calibrated 209po spike is added and the sample
swirled to mix the spike. The beaker is covered with a watchglass and allowed to stand

overnight.

5. The solution is evaporated under heat lamps at 109°C. The dried sample is washed
from the sides of the beaker using 8N hydrochloric acid (HCL) and swirled again to insure
proper mixing. The solution is evaporated to dryness and allowed to cool.

6. One-milliliter aliquots of 30 percent hydrogen peroxide (H7O3) are added to the
sample until it is completely wet, and the resulting solution is again evaporated to dryness.
The sample is placed under heat lamps only after the peroxide reaction has subsided. The

cooling and peroxide steps are repeated twice more.

7. The sample is then washed twice with 8N HCL and evaporated to dryness between
each washing. This step is to remove all traces of the nitric acid which interferes with the

autoplating onto the silver planchet.

8. Five milliliters of 8N HCL are added to the dried sample, which is then transferred
to a 100-ml glass beaker using additional amounts of HCL and deionized water.
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9. To minimize the interference of Fet3, Cr*6, and other oxidants, 5 ml of

hydroxylamine hydrochloride and 2 ml of 25% sodium citrate are added to each sample.
Additionally, 1 ml of holdback carrier, bismuth nitrate (BiN03), is added to prevent

"deposition of 212Bi, A plastic coated magnetic stir bar is added to each beaker for stirring

during the autoplating.

10. The pH of the solution is adjusted to between 1.85 and 1.95 using ammonium
hydoxide (NH4OH) and HCL to inhibit any tellurium and selenium whose presence decreases

the plating efficiency.

11. The beaker is placed on a stirring hot plate and heated between 85°C and 90°C for 5

minutes to reduce any Fe*3, Cr*6, or other oxidants that might be present.

12. A Teflon plating device holding the silver foil disc is placed in the solution. ThlS
allows plating on one side of the disc only. The plating device covers the beaker and therefore

minimal evaporation occurs during the plating procedure. ,
13. The heating and stirring proceeds for a minimum of 90 minutes.

14. The plating device is disassembled, the silver disc washed with deionized water,

dried and then counted on a alpha counting system.
Counting Procedure

1. The sample is positioned beneath an alpha detector in a counting chamber and put

under vacuum.

2. The sample is counted for 24-48 hrs or until enough counts are obtained for each

spectra.

3. Counts for each spectrum are routed to the proper channel in the Pulse Height

Analyzer (PHA) and stored by a computer.
4. The PHA supports form 1-16 counting chambers at any given time.

5. The raw spectrum is transferred from the computer via a 5 1/4 inch floppy disk for

later data reduction.
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APPENDIX D

BEG Data on Moisture and Bulk Density



Location I.D.

NRD1 /top - 5§ cm

NRD1 #op - 23
NRD1 Aop - 50

NRD2 /top - §
NRD2 ftop - 35
NRD2 ftop - 62

NRD3 /top - 5
NRD3 top - 33
NRD3 /top - 54

NRD4 /top - §
NRD4 /top - 25
NRD4 /top - 45

NRD5 /top - §
NRD5 /top - 24
NRD5 /top - 39

NRD6 /top - 11
NRD6 /top - 22
NRD6 /top - 36

NRD7 ftop - 11
NRD7 Hop - 25
NRD7 hop - 44

NRD8 /top - 12
NRDS8 /top - 42
NRD8 /top - 72

NRD9 /top - 5
NRD9 /top - 32
NRD9 /top - 59

NRD10 #top - 10
NRD10 /top - 27
NRD10 /top - 48

NRD11 /top - 28
NRD11 ftop - 62
NRD11 fop - 67

Most
Complete
Sample
Extraction

X X X

X X X

xX X X

xX X X

Sample Length (cm)

5.5
5.6
5.9

5.0
5.3
5.7

5.0
4.8
4.9

5.1
5.0
4.8

5.0
5.0
5.1

5.0
5.3
5.4

5.1
5.5
5.4

4.9
5.0
5.0

5.0
4.5
4.9

5.1
4.7
4.9

5.3
5.0
5.1

APPENDIX D

5.91
6.02
6.34

5.38
5.70
6.13

5.38
5.16
5.27

5.48
5.38
5.16

5.38
5.38
5.48

5.38
5.70
5.81

5.48
5.91
5.81

5.27
5.38
5.38

5.38
4.84
5.27

5.48
5.05
5.27

5.70
5.38
5.48
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Volume (cc)

Moisture
(Wt%)

32.6
31.7
31.3

51.7
37.5
29.2

43.5
34.7
32.5

43.9
33.2
35.1

26.1
31.2
23.8

43.4
38.4
35.9

34.3
32.0
32.8

32.0
37.6
41.0

26.3
25.5
25.4

29.8
31.0
33.4

43.9
36.6
41.9

Dry Bulk Density
(g/cc)

0.61
0.80
0.90

0.71
0.89
1.23

0.52
0.85
0.92

0.68
0.81
0.72

0.71
0.75
1.00

0.51
0.79
0.80

0.64
0.84
0.75

0.85
0.72
0.84

0.58
1.40
1.39

0.61
0.68
0.92

0.55
0.64
0.73



