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DETERMINING' RECENT SEDIMENTATION RATES OF
THE LAVACA-NAVIDAD RIVER SYSTEM, TEXAS

INTRODUCTION

Replacement of wetlands by water and barren flats in the lower alluvial valley and delta of
the Lavaca River suggests that relative sea-level rise and possible reductions in sediment supply have
rendered the Lavaca-Navidad fluvial-deltaic system incapable of méintaihing sufficient elevation to
prevent its submergence. The Lavaca-Navidad River System transports a significant load of suspended

sediment (Longley, 1992a) and therefore should have the potential for delivering enough sediment to

offset subsidence and submergence.

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 Lavaca and Navidad Rivers upstream
from the Lavaca River delta. This information will be used by the Texas Water Development Board to
determine the frequency, duration, and mdgnitude of river flooding necessary to offset submergence of
wetlands (Longley, 1992b). Sedimentation rates are based on activities of 210Pb and 137Cs measured in
10 cores collected in 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).

Natural Environments in the Study Area

Natural environments of the Lavaca-Navidad River system and alluvial valley in the study
area (fig. 1), consist of brackish to fresh marshes, transitional areas, flats, open water (including lakes
and abandoned river channels), fluvial woodlands, and uplands (White and others, 1989). These

habitats have developed on alluvial valley fill within the entrenched valleys. The confluence of the

/ Lavaca and Navidad Rivers is located-approxfmately 16 to 17 km upstream from the mouth of the
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Figure 1. Index map of study area showing locations of coring sites.



Lavaca River. Inland parts of the alluvial valley are dominated by fluvial processes in contrast to
deltaic areas where estuarine processes are more influential. The Lavaca River delta is generally
characterized by salinities below 20 ppt, with salinities decreasing up the valley. In the study area,

which is upstream of the delta, marshes are reflective of brackish to fresh conditions.
Modern-Holocene Valley Fill Deposits

Holocene sediments in the Lavaca River valley are dominated by thick sand sequences locally
exceeding 18 m in thickness, which are overlain by thinner mud deposits varying in thickness from
approximately 2.5 to 6 m (fig. 2). The maximum thickness of Holocene deposits is approximétely 25m
at FM 616. The depth of the modern river channel is slightly greater than the thickness of the mud
deposits; consequently the channel is floored bvyk sandy sediments and bars within and on the flanks of

the channel are sand rich.
Human Modifications Potentially Affecting Sedimentation

Among major human modifications in the Lavaca and Navidad River alluvial valley are the
Missouri-Pacific Railroad (completed before 1930), FM 616 (constructed in the early 1950’s), and Lake
Texana completed in 1980 and located approximately 8 km upstream from the confluence of the Lavaca
and Navidad Rivers (fig. 1). Other modifications within the project area include oil and gas fields
such as at Menefee Flats, and bartificially modified natural levees produced by spoil disposal
associated with a dredgéd channel that extends from Lavaca Bay to Red Bluff on the Navidad. Major
alterations caused by Missouri-Pacific railroad and FM 616 include approximately 2.5 km of elevated
road fill that crosses the valley, which is about 3 km in width in this area. Openings totaling
approximately 0.7 km in length occur at bridges over the Lavaca River and over drainage to the east

and west of the river. About 70 percent of the valley is effectively dammed by the road fill.

The effects of human modifications in the study area on marsh sedimentation are not fully
understood. It is obvious that flow patterns during flood events have been altered substantially by the
Missouri-Pacific Railroad and FM 616, which extend across the valley diverting flow through the

three bridge openings. Intuitively, one would expect 'sedimentation rates to be slightly higher

“upstream of the Missouri-Pacific due to the partial damming effect of the railroad, which during flood

events may locally reduce currents and elevate water levels for longer periods of time upstream
allowing more sediments to settle. However, variations in sedimentation rates, which are minimal,
seem to be influenced more by the geomorphic setting and relationship of a site to the river and relict

channels, rather than by location upstream or downstream of the railroad embankment. There is also



‘919 I Suope uoneyrodsuery, jo yuaunredaq
sexa], 9y} Aq apewr sA9AIns [eO1UYd3)038 U0 Paseq dIe SJUSWIPIS JO SSADPNY} pue A3ojoyin YL
"919 A e AS[[eA POYPUSNUD JIARY EJBAE Y} U SJUSWIPIS SUIDO[OH JO UOHIIS SSOI) T a3y

29008eYD
w 009 0
I _ 1
N 1
Y 0002 0
sjuswipes 1op|o
perenuateyipun ]
Kejo Apues
oy ¢t pue Aejo yeq 3
pues AeAejo swos Yyim -
jenelb pue pueg £

919 N4 Aemybiy 1e
JONIY eoBAET]

R uoljewio juowneeg
. . 1SS

m  (w) 1se3




the possibility that deposition of sediments downstream from FM 616 during hurricanes may

compensate for reductions in sediment supplied to these downstream sites during river flood events.
Historical Wetland Losses

Losses of marsh habitats in the Lavaca River valley amounted to more than 1,400 acres between
the 1930’s and 1979 (White and Calnan, 1990). Losses were due primarily to the replacement of
emergent vegetation by water and barren flats, and were most pronounced in the Menefee Flats area and
downstream near Venado Lakes on the western side of the valley (fig. 3). Among the probable causes
for the losses are subsidence and relative sea-level rise, compartmentalization of marshes by roads,
levees, and canals, and possibly disposal of brine (Mackin, 1971). Rates of relative sea-level rise at
benchmarks in the Lavaca River valley along FM 616 are approximately 5 times higher (Paine, 1993)
than regional sea-level rise in the Gulf of Mexico,(Gornitz and Lebedeff, 1987), and 2-to 4 times higher
than preliminary estimates of recent sedimentation rates in alluvial valley marshes and transitional
areas. A more detailed discussion of subsidence and sea-level rise rates are presented in a later section

titled “Relative Sea-Level Rise”.

METHODS
Field Methods
Site Selection

Ten sites were selected for coring in the Lavaca-Navidad alluvial valley system (fig. 1).
Criteria used in selecting sites included location with respect to the modern Lavaca and Navidad River
channels and abandoned channels, locati‘on with respect to the estuarine system, relative elevations,
susceptibility to flooding, types of wetland vegetation, and location with respect to existing human
modifications. The approach was to sample several different environments but avoid local human
alterations that may have affected sedimentation rates.

L :

Coring sites were bositioned across the alluvial valley north and south of FM 616. Three sites

are located downstream from FM 616 and the confluence of the Lavaca and Navidad Rivers, and 7 are

upstream. Five sites are located within 300 m of the river. All sites are more than 12 km north
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(upstream) of the mouth of the Lavaca River, which places them in wetland areas thought to be

- influenced more by riverine sedimentary processes than by estuarine processes.

Site Description

Wetland coring sites included brackish-water marshes characterized by an assemblage of

Distichlis spicata, Paspalum vaginatum, and Juncus romerianus, fresh-water marshes dominated by

Zizaniopsis miliacea, transitional areas with virtually homogeneous stands of Spartina spartinae,

transitional areas with mixtures of short grasses including Cynodon dactylon ‘and unidentified
composites, and fluvial woodlands with abundant Sabal minor (table 1). Estimated elevations range
from greater than 1.5 m (5 ft) to less fhan 0.45 m (1.5 ft). Coring site LR-8 had the highest estimated
elevation, and sités LR-2, LR-3, avr'ld LR-6 the lowest (table 1). Sites in transitional areas (LR-4, LR-5,
LR-7, LR-8 and LR-10) were generally at higher elevations, and were the most difficult to core because
of increasing stiffness of clay with depth. Low marshes composed predominantly of Scirpus californicus,
Zizaniopsis miliacea, and Distichlis-Paspalum were less difficult to core because of softer and less
compacted sediments. Sites were cored in mid-March of 1994 (table 1). When possible, cores were taken
at sites with no evidence of surface disturbance such as crawfish burrows and cattle trails. However,
effects of cattle and deer tracks were difficult to avoid in transitional areas where grazing was

widespread.
Coring Methods

Cores were taken by twisting, and where necessary driving, a thin walled, sharpened metal
tube, 1-m long and 11.5 cm in diameter, into the marsh substrate. Lengths of cores varied depending on
the difficulty of penetrating the substrate and the amount of compression. Some sediment compression
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 rihg clamps and taped. The cores were transported to the BEG Core Research

Center for processing.

Sediment Compression Caused by Coring

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
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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 post-compaction basis.

In the wetl_and literature, few references are made to artificial compaction 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 quantify the magnitude of artificial compaction and to adjust those depth-dependent parameters

derived from the core.

In this report we distinguish between natural compaction and artificial compaction by referring to
artificial compaction as “compression.” Compression commonly results during coring even if steps are
taken to minimize it. Adjusting the stratigraphy of the core to remove the effects of compression is
necessary because any vertical displacement of the cored sediments with respect to their natural
position will result in the calculatibn of inaccurate sedimentation rates. Sedimentation rates calculated

from compressed cores will underestimate the actual rates of sedimentation.

Penetration of the core barrel into unconsolidated sediments typlcally causes some minor
compression of the sediments. The amount of compression depends on the composition and textures of the
sediments, their water content, and other physical properties such as bedding. Some muds are
susceptible to high compression, whereas well-sorted, ,watex"-saturated sands are essentially
incompressible. The observed compression can occur in one of two forms. The simpiest form of compression
is. the physical foreshortening of the sediment column as the water and void spéce are reduced. For this
type of compression all the strata are represented and the stratigraphy of the core and surrounding
uncompressed sediments is the same except that the strata within the compressed intervals are closer
together. The most complex type of compression involves drag along the core barrel and expulsion of
sediment so that some strata are bypassed and are not recovered in the core barrel. This type of
compression can occur where stiff sediments overlie a zone of soft sediment 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-radiographs

of the core reflects the degree of sediment compression.

Compression 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 compression was estimated by periodically measufing the distance to the sediment
surface on the outside and inside of the core barrel (fig. 4). By making these two méasurements and

knowing the length of the core barrel, total penetration of the core barrel, and core length, the amount
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of sediment conipression can be calculated (table 2 and Appendix A). The interval thickness and the
amount of compression for each interval also can be derived from these measurements (table 2) and used
to illustrate the percent sediment compression and the depths at which it occurs. The field
measurements and derived data also can be used to reconstruct the interval thickness before compression
and to calculate restored depths that are corrected for compression (Appendix A). The depth corrections
are used to adjust the core depths so that the lengths of the compressed intervals are restored to their
uncompressed lengths. This is done by calculating the amount of compression (C;j) for each intérval @,
calculating the amount of compression for each one centimeter depth increment in the interval being
corrected, and adding the fractional proportion of compression to each depth increment. This procedure
assumes that the compression is uniformly distributed throughout the interval. The corrected depths

have the numerical effect of “stretching” the core to its uncompressed length.

The depth correction equation is given by::
D¢ = Pj_1 + (Du-Dy,i-1(1+(Cj - Cj-1)/(Dy,i - Dy,i-1))
.. where D¢ = corrected depth
Du = uncorrected depth
Cj = Ij - Oj = compression of interval i

Pj=0p-0j= penetratioﬁ of interval i

and the uncorrected depth of the lower boundary of the core for which corrections are being made is Dy i
=P; -G

Before applying the above équation, the appropriate interval (i) for Dy must be determined so

that the proper values for compression and penetration are used to calculate the correction factor.

Core compression normally increases with depth, but it is not linear. In fact, the compression curve
for each core is different (Appéndix A), and some cores are compressed more in the middle than at the
top or the bottom. Although compression 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 permit a more accurate correction.
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Table 2. Total compression and penetration of Lavaca River cores and percent compression calculated for
each interval.

Core
interval
i

B S N N = N
PP M o0 ®NO®OM®N 2O

© O NOOO” PO —=O

N O ovhs O NN 20

Outer
reading
Oi (cm)

101.0
85.0.
79.4
74.2
67.6
62.4
56.4
51.0
47.0
42.8
41.0
34.4
27.4
19.0
13.0

101.0
78.8
72.0
66.4
63.8
49.6
42.2
39.0
33.6
26.6

101.0
85.6

74.0
69.4
54.0
49.2
43.0
35.0

Inner Total Total Depth of Interval

reading compression penetration compressed compression
li (cm) Ci Pi interval %
(Du,i)
LR 1
101.0 0.0 0.0 0.0 . 0.0
85.0 0.0 16.0 16.0 0.0
79.4 0.0 21.8 . 218 ) 0.0
74.2 0.0 26.8 26.8 ‘ 0.0
67.6 0.0 33.4 33.4 : 0.0
62.4 0.0 38.6 38.6 0.0
56.4 0.0 44.6 446 0.0 -
51.0 0.0 50.0 50.0 0.0 i
47.0 0.0 54.0 54.0 0.0
42.8 0.0 58.2 58.2 0.0
. 41.0 0.0 60.0 60.0 0.0
34.4 0.0 66.6 ' 66.6 0.0
27.4 0.0 73.6 73.6 0.0 .
19.0 0.0 82.0 82.0 0.0 j
13.0 0.0 88.0 . 880 0.0 ‘
LR 2
101.0 0.0 0.0 0.0 0.0 ‘»
78.8 0.0 22.2 22.2 0.0
72.0 0.0 29.0 29.0 0.0
67.0 0.6 34.6 34.0 10.7
65.0 . 1.2 37.2 36.0 23.1
51.0 - 1.4 ' 51.4 50.0 1.4 )
44.2 2.0 58.8 56.8 8.1
41.0 2.0 62.0 60.0 0.0
35.6 2.0 67.4 65.4 0.0
30.4 3.8 74.4 70.6 25.7 l
LR 3
101.0 0.0 . 0.0 . 0.0 0.0
85.6 0.0 15.4 15.4 0.0
740 0.0 27.0 27.0 0.0
69.4 " 0.0 31.6 31.6 0.0
54.0 -0.0 47.0 47.0 0.0
49.6 0.4 51.8 51.4 8.3
44.0 1.0 58.0 57.0 9.7
. 36.0 ( 1.0 66.0 65.0 0.0
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Core
interval
0

© 0O N OO R OWN =0

—_
o

© 0N OO H O®ONHMD =0

0 N A~ O®WNM 2O

Outer
reading
Oi (cm)

101.0
87.2
77.8
72.4
65.0
63.2
61.6
55.8
47.6

42.2

38.4

101.0
91.0

86.0
80.6

68.2"

67.2
44.6
40.6
37.2
30.0

101.0
78.6
68.0

1 63.0
51.8
49.0
43.0
38.0
35.6

Inner
reading
li (cm)

101.0
87.2
78.6
73.2
65.8
64.0
62.4
57.0
50.2
46.2
42.8

101.0
91.0

86.0
80.6
68.6
58.0
45.6
41.6
38.4
31.4

101.0
78.6

68.2

63.2
52.0
49.2
43.6

~ 40.0

37.8

Total
compression
Ci

LR 4

0.0
0.0
0.8
0.8
0.8
0.8
0.8
1.2
2.6
4.0
4.4

LR 5

0.0
0.0

0.0
0.0
0.4
0.8
1.0
1.0
1.2
1.4

LR 6

0.0
0.0

0.2
0.2
0.2
0.2
0.6
2.0
2.2

penetration

13

Total

Pi

0.0

13.8
23.2
28.6

..36.0

37.8
39.4
45.2
53.4
58.8

626

0.0
10.0

15.0
20.4
32.8
43.8
56.4
60.4
63.8
71.0

0.0
22.4

33.0
38.0
49.2
52.0
58.0
63.0
65.4

Depth of
compressed
interval
(Du,i)

0.0
13.8
22.4
27.8
35.2
37.0
38.6
44.0
50.8
54.8
58.2

0.0
10.0

15.0
20.4
32.4
43.0
56.4
.59.4
62.6
69.6

0.0
22.4

32.8
37.8
49.0
51.8
57.4
61.0
63.2

Interval
compression
%

0.0
0.0
8.5
0.0.
0.0
0.0
0.0
6.9
171
25.9
10.5

0.0
0.0

0.0
0.0
3.2
3.6
1.6
0.0
5.9
- 2.8

0.0
0.0

1.9
0.0
0.0
0.0
6.7

28.0
8.3



Core ~ Outer Inner Total Total Depth of Interval

interval reading reading compression penetration compressed compression
i Oi (cm) li (ecm) Ci Pi interval %
(Du,i)

LR 7
0 101.0 101.0 0.0 0.0 0.0 0.0
1 - 83.0 83.0 0.0 18.0 18.0 0.0
2 78.6 78.6 0.0 22.4 22.4 0.0
3 67.0 68.2 1.2 34.0 32.8 10.3
4 64.0 66.0 2.0 37.0 35.0 26.7
5 58.0 62.0 4.0 43.0 39.0 33.3
6 54.8 59.4 4.6 46.2 41.6 18.8
7 51.2 57.0 5.8 49.8 44.0 33.3
8 46.6 53.0 6.4 54.4 48.0 13.0

LR 8
0 101.0 101.0 0.0 0.0 0.0 0.0
1 83.0 83.0 0.0 18.0 18.0 0.0
2 70.0 70.0 0.0 31.0 31.0 0.0
3 56.6 56.6 0.0 44 4 - 44 4 0.0
4 53.2 53.2 0.0 47.8 47.8 0.0
5 52.8 52.8 0.0 482 48.2 0.0
6 47.6  48.6 1.0 53.4 52.4 19.2
7 38.0 43.8 5.8 63.0 57.2 50.0

LR 9
0 101.0 101.0 0.0 0.0 0.0 0.0
1 79.0 79.0 0.0 22.0 22.0 0.0
2 69.8 69.8 0.0 31.2 31.2 0.0
3 54.8 55.0 0.2 46.2 46.0 1.3
4 51.6 51.8 0.2 49.4 49.2 . 0.0
5 50.0 50.2 0.2 51.0 50.8 0.0
6 46.4 46.6 0.2 54.6 54.4 0.0
7 40.2 42.4 2.2 60.8 58.6 32.3
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Most cores from the Lavaca-Navidad River system underwent some compression, and most of the

cores are compressed from 2 to 6 cm (table 2 and Appendix A). Core 1 is the least compressed (0 cm),
- whereas cores 7 and 10 are the most compressed (6.4 cm). Core lengths estimated from the compression
and pehetration measurements generally agree within 1 cm of the actual core 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
Core Preparation and Handling

Cores were split in half by first cutting horizontally down each side of the metal tube and then
by cutting the core in half with a thin wire. The top section of each core was cut with a fine-toothed
band saw to limit disfurbance of the root-matted zone. The two half cores were then separated, each
half retained in the half tube. One half of the core was wrapped in plastic wrap and sealed in an air
tight clear plastic liner. This half of the core was transported to the USGS laboratory in Denver for x-
radiography, and analysis of 210pp, 137Cs and 7Be activity, moisture content, loss on ignition, and bulk
density. o

~ The other halves of the cores were archived and retained in the BEG Core Research Center
where they were subsampled for other physical and chemical analysis. Immediately after the cores
were split, a measured volume of material was collected from near the top, middle, and bottom of each

core for analysis of moisture content, total organic carbon (TOC), 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 color, sediment type (visual
description), nature of contacts, textural trends, sedimentary 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.

After receiving preliminary results of 210pp activity for cores, cores LR-3 and LR-5 were
subsampled at various horizons (based on 210pp distribution) for textural and geochémical analysis.
When not in use, the half cores were covered with plastic 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.
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Analytical Methods

210pp Analysis (USGS). Isotopic 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) (Appendix C). The specific activity of 210pp was measured indirectly by determining
the activity of the granddaughter isotope 210po. Samples were analyzed at 1-cm intervals down to a
depth of 36 cm, below which analysis occurred at 2-cm intervals. Variations from this analysis
occurred in cores LR-1, which was sampled at 2-cm intervals thrbughout the core because of CaCO3
nodules that interfered with the 1-cm sampling, and cores LR-3 and LR -4, which were sampled at 1-cm
intervals to a depth of 25 cm below which the core was sampled at 2-cm intervals. LR5 was sampled
only to a depth of 34 cm because of low activities below that depth, apparently caused by sandy
sediments. Logarithmic plots of excess 210pp activity against depth Were among the methods used to

determine preliminary variations'in sedimentation rates.

137Cs Analysis (USGS). Isotopic analyses of 137Cs and 7Be were completed under the
supervision of Dr. Charles Holmes at the USGS. For 137Cs analysis, 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 hours. The
resulting value was cdmpéred to a standard of known value and reported as 137Cs in dpm/g. The
isotopes 214B;j and “Be were also determined as part of the 137¢s analysis process. Six cores were

analyzed and results are presented in the "Results” section of this report.

Bulk Density, Moisture Content, and Organic Matter (USGS). Samples were collected by
slicing the half core into in 1- or 2-cm wafers in order to determine volumes for bulk density
measurements. Samples collected along the core were weighed then dried at a temperature of 60° C for
24 hours and reweighed to determine moisture content and dry bulk density. The samples were then
reheated to 4500 C for 12 hours to determine organic matter as estimated from weight loss-on-ignition
(LOID. The remaining sediment was assumed to be mineral matter, and its percent by weight was
determined. Wet and dry bulk densities, Water content, LOI, and mineral (inorganic) matter are
presented in Appendix B. It was assumed that sediments in the cores wére carbonate free, but 4 cores
(LR-1, LR-3, LR+4, LR-5) contain minor concentrations of carbonates in the form of nodules and tiny
fragments of CaCO3, which are most abundant in the lower half of the cores.
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‘Bulk Density (BEG). A measured volume of material 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. The measurement of length was made from the thickness of the half core rather
 than from the removed sample plug because of compression. Three subsamples were taken from each core
near the top, middle, and bottom of the core. Additional subsamples for bulk density analysis were
collected from cores LR-1 (8 totél), LR-2 (6 total), and LR-3 (9 total, 3 of which were taken near the base
of the core by subsampling 1 and 2-cm sections of the half core instead of using the cork borer). The
subsamples were placed in pre-weighed containers and weighed to determine total weight, then dried
at 1059 C to constant weight. A total of 44 subsamples were analyzed. From these data dry bulk density

and moisture content were determined (Appendix D).

Organic Carbon (BEG). The three subsamples collected from the top, middle, and bottom of
each core for bulk density measurements were also analyzed for total organic carbon (TOC). Additional
organic carbon samples were collected at selected horizons in three other cores (Appendix D). The dried
solids were pulverized in a diamonite mortar and pestle and analyzed for total carbon content using a
coulometric carbon analyzer (950° C, pure oxygen atmosphere, standard scrubbers, approximately 50 mg
sample size, blank corrected). In the absence of carbonates, the recovered carbon is assumed to be all

organic carbon.

Textural Analysis (University of Wisconsin). Samples were taken at specified 1 to 2 cm
intervals along selected cores for analyses of percent sand, silt, and clay (Appendix E). Disaggregated
samples were wet sieved to separate particles larger than sand size (gross organics), sand, and mud (silt
and clay). After the large particles were removed, sand was separated with a 270 mesh (53 micron)
sieve. Sand percent was determined after treating the sample with hydrogen peroxide to remove
‘remaining organics. Percent silt and clay were determined using hydrometer or pipette measurements
(Gee and Bauder, 1986). '

Total Aluminum (BEG/AnalySys Inc.). Cores LR-3 and LR-5 were subsampled at various
depths for analysis of total aluminum by AnalySys Inc. Aluminum, through metal/aluminum ratios,
has been used by some researchers to normalize 210py, Samples were digested and analyzed in
accordance with EPA procedures 3051, 6010, and 200.5. Sediment samples were treated in HNO3 and
microwaved to achieve total digestion. Aluminum was analyzed by Inductively Coupled Plasma—

Atomic Emission Spectroscopy. .

Salinity (Chlorinity) (BEG). For sediments with a high salt content, excess 210Pb activities

should be determined on a salt free basis (Church and others, 1981). Total chloride was measured in
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sediments from the bayward most core by ion chromatography following BEG procedures (Specific
Work Instruction 1.15: Determination of anions by ion chromatography). Chlorinity was converted to

salinity using a factor of 1.80655 (Duxbury, 1971).
RESULTS

Results of the 210Ppb analysis and counting dates are presented in Appendix B along with
measurements of water content, loss on ignition, mineral matter, dry bulk densify and wet bulk density.
Bulk density was determined for each sample by the USGS. A few samples from each core were also
analyzed for bulk density by BEG. In general, bulk densities measured by the USGS were higher by an
average of about 1.7 times those determined by BEG. The reason for fhis 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 210pp, the USGS bulk
densities provide the most complete data for analysis of cumulative inorganic mass and for

determination of dates and sedimentation rates.
210pp Activity Profiles

The objective of this investigation was to determine sedimentation rates based on 210Pb
activity. Accordingly, results of other physical and chemical analysis are discussed primarily in terms
of their influence on or relationship with the distribution of 210pp activity within a core. 210pp
activity profiles were completed 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 variations from linear

trends for many cores. Pronounced variations ‘in slope of the plots should define variations in

sedimentation rates, which can be correlated with sediment deposition by the Lavaca and Navidad

~ Rivers. But local variations in excess 210pp activity involving individual samples or a few samples are

not fully understood. Some are apparently related to bioturbation, textural and organic properties,

presence of carbonates, and other changes in sediment chemistry.
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Bioturbation. According to some researchers, for example Nittrouer and others (1979), the
relatiVely uniform 210pp activity in near surface layers of some cores indicates a zone of bioturbation
and mixing of sediments (fig. 5). In Lavaca River cores, distinct evidence of bioturbation was not
apparent in either x-rays or dressed and described cores. Below the root zones, cores are homogeneous in
appearance and log normal profiles of 210Pb show that activities generally decline in a relatively
linear fashion to depths of about 20 cm, below which there is a flattening of the profile and an increase
. ih nonlinearity for most cores. We believe that the flattening and nonlinearify occur as background or
supported 210pp levels are approached and reached at depth. Varying from this general trend is LR-9,
which is nonlinear along most of its profile. The nonlinearity may be a result of bioturbation, physical
mixing, lithology changes, or erosion and deposition during'flood events. Crayfish burrows were
observed in the vicinity of LR-9, although there were no surface manifestations of burrowing at the
exact location of the coring site. Core LR-9 is located in a meander bend of the Navidad River at a site
that is possibly subject to rather strong currents during ﬂooding. This observation is supported by
textural analysis, which shows a relatively high percentage of sand (18-56 percent) in the upper half
of the core.. Still, the site is heavily vegetated, which should help minimize physical mixing of
sediment and enhance sediment deposition. The specific reason for the “saw-tooth” nature of the 210pp

profile is not totally clear, but may be related to textural variations as noted in the next section.

~

~ :

Texture. Textural variations can influence excess 210Pb activity (fig. 6). Activity levels are
higher in finer sediments, apparently because Pb, like many o(ther 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 consist primarily of homogeneous mud (silt and clay), but sand was
higher than expected in some cores. Sand is a minor constituent overall (less than 20 %) except in cores
LR-1, LR-5, LR-6, and LR-9 where it generally composes more than 20 percent of the sediment in
samples analyzed (Appendix E). Concentrations of sand in LR-4 exceed 20 percent in sediments at

depths greater than 30 cm. Sand was most abundant in core LR-5 (fig. 7).

The nonlinearity of the 210pp profile in LR-9 may be due in large part to textural variations.
Sand is relatively abundant, ranging from 15 to 56 percent, in those sediments analyzed. When 210pp is
calculated on a sand free basis and plotted against depth, the profile becomes more linear, with R?
increasing from 0.424 to 0.760 for 6 samples analyzed in the top 35 cm (fig. 8). Nonlinearity in the lower
part of core LR-6 may also be due to textural variations. The drop in 210pp activity at 45 cm in core LR-6
is probably the result of sand content in samples taken below this depth. Statistical correlation of
210pp éctivity with sediment textures (sand, silt, clay, or mud), however, may show only a moderate
correlation (figs. 9 and 10). Where sand is concentrated there is commonly a corresponding decrease in

the 210Pb activity.
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Figure 5. Profile of 210pp 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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Figure 8. Effect of sand on 210pp profiles and sediméntation rates in core LR-9.
>
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Figure 9. Relationship between clay percent and 210Pp activity in cores LR-3, 5, and 8.
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Figure 10. Relationship between sand percent and 210Pp activity in cores LR-3, 5, and 8.
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To determine the effect of sand on sedimentation, rates were calcuiated for cores LR-3 and LR-5
and LR-9 on a sand free basis hsing the constant flux : constant sedimentation rate “model” (Oldfield
and Appléby, 1984). Rates varied by only 0.03 to 0.05 cm/ yrin coreé LR-3 and LR-5 from those rates in
which sand was not considered (figs. 11 and 12). For core LR-9, the sedimentation rate increased from
0.49 cm/yr to 0.51 cm/yr when calculated on a sand free basis (fig. 8). Aluminum was also used to
normalize 210Pb content to evaluate possible rate changes in cores LR-3 and LR-5, as discussed in the
following paragraph. Because of the high correlation between aluminum and percent mud and because
calculated sedimentation rates were not substantially different using these two methods of
normalization, we decided that textural data would be the most informative of the two parameters,

and analyzed other cores for texture only (Appendix E).

Aluminum. The assumed uniform flux of aluminﬁm from crustal rock sources to the sediments
allows aluminum to be used as a normalizing agent to compensate for variations in lithology, salt,
CaCO3, water or organic matter content especially in the upper parts of cores (Bruland and others,
1974). Total aluminum was analyzed in 19 sediment subsamples, 10 from core LR-3 and 9 from LR-5.
Sediments from the same horizons in these cores were also énalyzed for texture. Aluminum content in
core LR-5 is much lower than in LR-3 because of more abundant sand in LR-5 (table 3). Correspondingly,
the “dilutional” effect of the sand is also apparent in the concentration of 210pb, which is much lower
in LR-5 than in LR-3. Aluminum has a relatively high positive correlation with 210pp (fig. 13) and
with percent mud (fig. 14).

Sedimentaﬁon rates for cores LR-3 and LR-5 were calculated using aluminum normalized values
of 210py, (e.g., excess 210Pb/ Al ratios ; Bruland and others, 1974) to determine if the rates were different
from those using non-normalized values. As with texture, discussed previously, rates were determined
using the constant flux : constant sedimentation method (Oldfield and Appleby, 1984). In general we
found that the sedimentation rates based on excess 210Pb, without correction, were only slightly
different (0.1 to 0.5 mm/yr) from rates based on “corrected” or normalized excess 210py, using aluminum
content (figs. 11 and 12).

Organics (Weight Loss-On-Ignition). The association between 210Pb activity and organic
content based on weight loss-on-ignition (LOI), varied from core to core, but overall there was a positive
correlation. The square of the correlation coefficient (R?) ranged from 0.884 to 0.935 in 4 of the cores.
Core LR-3 had the highest positive correlation (R2 = 0.935, fig. 15), and LR-5 and LR-9 the lowest (R? =
0.125 and 0.147 respectively). In core LR-5, elimination of one anomalous sample at 29 cm yields a much
higher correlation, R2 = 0.840 (fig. 16). The plot of LOI against 210pp in core LR-9 shows very broad
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Ln Exces Pb-210 (dpm/g) (0.78 S Pb)

LR-3

2
o 8 LnExPb 0.24 cm/yr y=1.5803-0.13094x R*2 =0.877

\ g ® LnExPb/AI% 0.20 cm/yr Yy=1.0220-0.10596x R*2=0.868
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Figure 11. Effect of sand on the sedimentation rate in core LR-3. The low sand content in this
core has only a slight effect (0.2 mm/yr) on the sedimentation rate.
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Total Pb-210 (dpm/g)

LR-3 and LR-5: Al vs Pb

Total Aluminum (%)

Figure 13. Correlation between aluminum and 210py,

30

y = 0.10055 * 10%(0.96059x) R*2 = 0.897
(o
Not included in
correlation analysis
\ a o}
°
o]
9 g
1 by @ - a o}
a
o ®
o3
o ©
g8 LR-3
® LRS5
. Ll L] L] L] l Ll L L] L] ' L] L] L3 L l L] L] Ll
0.0 0.5 1.0 1.5 - 2.0



Total Aluminim (%)
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Figure 14. Correlation between aluminum and mud.
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Figure 15. Relationship between 210pp activity and percent organic matter (weight loss- on-
ignition, LOI) for core LR 3. :
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scatter and the low R2 is therefore not the result of just a few samples. This particular core was taken in
a fluvial woodland of dwarf palmettos and deep roots apparently affected the LOI distribution

throughout the core.

Table 3. Aluminum and textural content in cores LR-3 and LR-5.

Core No.- ‘
Uncorrected Al (%) Sand (%) Silt (%) Clay (%)
depth (cm) : .
LR-3-3 1.60 4 20 76
LR-3-6 ‘ 1.80 4 17 79
LR-3-9 1.60 , 4 24 73
LR-3-11 1.10 3 22 - 76
LR-3-14 0.99 5 25 71
LR-3-17 1.10 5 24 70
LR-3-20 1.20 5 22 73
LR-3-29 0.81 13 31 55
LR-3-39 0.97 11 17 72
LR-5-2 0.31 42 37 ' 22
LR-5-4 0.66 36 36 29
LR-5-7 0.63 . 45 41 14
LR-5-10 0.46 40 ' 39 22
LR-5-18 0.55 48 30 21
LR-5-22 0.55 58 24 18
LR-5-24 0.55 57 23 20
LR-5-29 0.48 64 21 : 15
LR-5-34 0.47 60 25 15

Although there is only a moderately positive correlation between 210Pp and organics for all
sediments analyzed (R2 averaging between 0.6 and 0.7), there is a strong positive association between
LOI and 210Pb activity in sediments that have LOI concentrations of more than 8 percent. The
correlation (R2) between LOI and total 210Pb in sediments from the top 10 cm of all cores (including the
top 20 cm in core LR-1) is 0.88 (fig. 17). LOI concentrations in most of these sediments are greater than 8

percent.
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Calcium Carbonate (Caliche Nodules). Caliche nodules can influence 210Pb activity.
Fortunately, large nodules (1-2 cm in diameter) were found in only three cores, LR-1, LR-4, and LR-5.
Analysis of nodules from Trinity River cores (White and Morton, 1993) indicated that the nodules are
"hot spots” where 210Pb activity is substantially higher than in surrounding sediments (Dr. Charles
Holmes, personal édmmunication, 1993). The CaCO3 nodules may be the cause of fluctuating 210Pb
activity below 30 cm in core LR-1 and below 20 cm in cores LR-4 and LR-5. Core LR-5 is unique because
the high concentration of sand in sediments appears to have had a greater influence (dilutional effect)
on 210Pb activity than has the CaCO3,

There are similarities in the distribution of 210Pb in Trinity River core TR-6 and LR-1 and LR+4.
In each of the three cores as revealed by 210pp profiles, 210pp activity drops precipitously in the upper
part of the core, then “levels off”, with 210pp activity fluctuating tip and down in the lower part of the
core (fig. 18). It is possible that changes in 210pp activity have occurred as a result of diagenesis
associated with carbonates as suggested by Allen and others (1993). In comparing the 210ppb dating

technique with other dating methods in an oxic estuarine salt-marsh sequence, Allen and others (1993)

concluded that early diagenetic loss of 210pb from the system may occur in Pb-bearing carbonates below

about 30 to 40 cm. The dramatic decline of 210Pb actibvity in the upper parts of the cores, and the
substahtially lower activities in the lower parts of the cores (compared to other cores) may reflect loss
of 210pp,

Salinity. For sediments with a high salt content, as found in salt marshes, 210Pb content should
be calculated on a salt-free basis. In such cases, the weight of the salt is subtracted from the sample
weight béfore determining 210pp activity on a per gram basis. To determine if salt content should be a
consideration in Lavaca River cores, chlorinity was analyzed in four subsamples from core LR-1. Core
LR-1 was selected for the analysis because it was collected from the most bayward site near Redfish
Lake (fig. 1) and is characterized by ‘salt tolerant vegetation (table 1) suggesting that it had the
greatest potential of all sites to contain saline sediments. Samples that were analyzed were collected
from depths of 6, 12, 20, and 55 cm. Chlorinity was converted to salinity using a factor of 1.80655
(Duxbury, 1971).

Results show that sediments from 6 cm are the most saline, but the salt content (table 4) is so

low that it should have an insignificant effect on 210pp activity. Accordingly, we concluded that it is

unnecessary to recalculate the 210pp on a salt-free basis for any sediments or cores.

36

ey
|



)

y3dop 3e 10 suaneyy udY) pue SUSWIPIS JO S1NRWNUID My 3addn ayy ur Ayanoe
ur aurpap daais e smoys ayoxd dyL, 1-Y7 10> ur AATE qdy ;7 (€10} JO IYoId ‘8L am3iy

(wo) yzdeq pajoexxooun

06 08 0L 09 0S (114 (1] . 0¢ ol
“ + “ “ + f “ f f
L -
. ]
[ ] .. - [ ] "
— - L
- | ]
- n
[ |
[ ]
[ ]
]
[ ]
T
-4
Cy 3y oy oo oy R N R IR S N B B

()

ot

(6/mdp) A3TATIO¥ 01Z-9d T®3IOL

37



Table 4. Salinity of samples analyzed in core LR-1.

, - Cl/dry mass Salinity Clwater fract
Core Sample (mg/kg or ppm) (Cl x 1.80655) (ppm) (mg/kg or ppm)
LR-1-6 cm 2,670 4823 2,350
LR-1-12 cm 1,840 3,324 4,000
LR-1-20 cm 2,270 4,101 6,730
LR-1-55 cm 740 1,337 2,610

Visible Physical and Chemical Variations. Cores from the Lavaca-Navidad River system
did not show as much variation in visible physical and chemical characteristics as cores in the Trinity
River system. In several instances in Trinity River cores, changes in 210pp activity corresponded with
visible changes in the cores, for example, color changes at boundaries between oxidized and reduced
zones. This relationship suggests that changes in activity may be related to physical or chemical
variations in the core. Most cores in the Lavaca River system were homogeneous in appearance. The
* exception was core LR-5, which contained high percentages of sand, and was substantially different in
appearance than other cores. LR-6 was the only core that had evidence of oxidation, primarily
oxidized root traces. In contrast, almost all cores from the Trinity River system showed evidence of

oxidation in the upper halves of the cores.

Accuracy of Analysis at Low 210Pp Concentrations. Fluctuations in 210Pb activity in the
lower part of a core may be a result of low concentrations of 210pp as background levels are approached.
According to Dr. Charles Holmes (USGS), the ana{lytical variance (error bar) for samples with
activities below approximately 0.5 disintegration’s per minute per gram (dpm/g) is larger than for
samples with higher concentrations. Therefore some of the sample to sample variations are simply

related to counting errors.
Determination of Excess (Unsupported) 210pp

Excess, or unsupported, 210pp, is the difference between total 210Pb activity and supported
acﬁvity. Concentrations of 226Ra and 214Bi in cores can provide a measure of supported 210pp activity.
Alternatively, supported 210Pb can be estimated by assuming that constant activities at depth are
equivalent to supported 210pp.  Activity profiles of 210pp for Lavaca River cores indicate that

supported 210Pp activities may have been reached in most cores at depths of less than 30 cm.
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226Ra. One method used by researchers to determine suppdrted 210pp activities is to analyze
226Ra from which supported 210Pb is derived and with which it is assumed to be in equilibrium. In
some settings, however, 226Ra ‘may be unusable because of possible disequilibrium between 226Ra and
210pb (Brenner and others, 1994). Still, in many coastal settings 226Ra has been used to estimate
supported 210pp. The USGS sent 10 sediment samples from 7 cores to Hazen Research, Inc, Golden,

Colorado, for analysis of 226Ra, Unfortunately, results have such a large error range, that they are

~considered inadequate for determining supported 210pp activities (table 5).

Table 5. Activities of 226Ra in selected sediment samples from Lavaca River cores, based on analysis
reported by Hazen Research, Inc. ’ '

Core No. Depth 226Ra pCi/_g @i precision) 226Ra dpm/g (+ precision)
LR-2 4-5cm 1.1 (+0.8) _ 2.4 (+1.8)
LR-2 46-48 cm 1.0 (+ 0.9) 2.2 (+2.0)
LR-3 2-3cm 0.4 (+0.7) o 0.9 (+ 1.6)
LR-3 4749 cm 0.8 (+ 0.8) _ 1.8 (+ 1.8)
LR-4 18-19 cm 1.3 (+0.9) 2.9 (+ 2.0
LR-4 49-51 cm 1.5 (+1.0) 33(x2.2)
LR-5  33-34 cm 0.7 (+0.7) B , 1.6 (+ 1.6)
LR-6 54-56 cm 09 (+ 0.8) 2.0 (+1.8)
LR-7 3638cm 0.2 (+0.5) 04 (+1.1)
LR-8 32-33 cm 0.4 (+0.6) ‘ 09 (+1.3)

214Bj. Another me\thod for deriving supported 210Pb is to use 214Bi activities, which were
determined during 137Cs analyses. According to Dr. Charles Holmes, 214Bi is in equilibrium with -
supported 210Pb (fig. 19). This relationship between 226Ra, 214Pb and 214B; is also reported by
Appleby and others (1988) and Brenner and others (1994). Supported 210pp (226Ra) concentrations were
thus determined from gamma emissions of 214B; (Dr. Charles Holmes, personal communication, 1994).
The average of the 214p; activities (table 6) can be used as supported 210pp for 6 cores in which 214Bi
was measured. In cores LR-4, LR-5, LR-7, and LR-9 for which 214Bi was not determined, supported

210Pp activities can be estimated from 214Bi in other cores or from 210Pb profiles (table 6).

39



U U238 Y234

92| 4.6X10% 2.5X105%y

Pa Pa234

91 “/6\/ 6.7h «

Th| Th234 Th230

90 24d 6.7h

Ac

89 J,“

‘Ra : ' Ra226

88 1622y

Fr

87 a

Rn Rn222

86 asd

At a At18

85 1.3s

Po| ‘ P18 |B i, po214 Po210
84 3m : 2x104s 138d
Bi g4  |B 210 [P

83 ‘ ¢ 20m @ B a
Pb poae B0 Pb210 D

82 - 27m N v 22y '

TI : meio |B g TRos [P

81 1.3m i 7 4.3m

Hg | Hg206 * g

80 om

QAa9024c

Figure 19. The relationship between various isotopic elements including 226Ra, 214Bi, and
210pp. Solid arrows indicate major decay modes. From Robbins (1978).

The isotope 214Bi is one of several short:lived intermediate déughters of 226Ra; these
daughters decay in a matter of minutes into 210pp (fig. 19). 214B;, as with the other intermediate
daughters, is assumed to be in equilibrium with 226Ra. It is used to determine 226Ra because it has a
strong gamma emission and is easy to measure. 226Ra occurs in minerals in the sediments and is the
source of the supported 210pp through the decay chain, including 222Rp, shown in figure 19. 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 222Rn into the

atmosphere from the sediments measured in cores, it is apparently insignificant relative to the entire

system. Atmospheric 222Rn decays (as it does in the sediments) through the intermediate daughters

including 214p; (fig. 19), but because of the short half-lives of these isotopes relative to 210pp, only
the 210Pb is effectively deposited from the atmosphere into the sediments, where it constitutes the
“excess” or unsupported component of total 2ml’b. 214Bi from atmospheric 222Rn does not become a

significant part of the sediment and, thus, is not part of the 214Bj measured in the sediment to

determine supported 210py,
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Supported 210pp Based on Activity Profiles. The concentration of 210Pb in most Lavaca-
Navidad river cores approaches a constant level at depths of between 15 to 25 cm. Estimates of
supported 210pb concentrations can be made from the total 210pb activity in the lower part of each
profile where it becomes “flat” as excess 210pp approaches zero. Preliminary estimates on this basis
range from 0.25 dpm/g in core LR-5, where high sand content has diluted 210pp activity, to 0.95 in LR-2
(table 6). ‘

Table 6. Estimated supported 210pp levels based on average 214B; activities and total 210Pp profiles.
Cumulative residual excess 210Pb was determined using the aVerage'214Bi values for supported 210pp,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>