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Here is a summary of what we will say about the lower Ohio River valley
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Quaternary geology and geoarchaeology of the
lower Ohio River Valley, southwestern Indiana
Ronald C. Counts1, G. William Monaghan2, and Edward Herrmann3
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1. Introduction and Background

-

-

-
-

-
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2. Previous Research
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3. Quaternary deposits, paleoclimate, and paleoenvironments

3.1. Flora and Fauna

-

Canis 
dirus -

Megalonyx jeffersonii

Mammut americanum 

Castoroides Dicotyles  Tapirus -

-
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3.2. Glacial deposits

-

-
-

-

3.4. Loess

-
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3.5. Quaternary outwash and Holocene alluvium

-
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Figure 3.4. Particle size distribution of material below the Peoria loess at the Bon Harbor Hills. 
Samples were collected every 5 cm.
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                  16  LORV- 20(24) 109.73 167.6 37.8753/ -87.8693 21.67±0.12 21.78±3.10 1.61±0.08 13.5±2.1 13.5 ± 0.8
32  LORV- 22(24) 119.18 465 37.8268/ -87.7180 31.15±0.23 33.99±7.54 2.14±0.106 15.86±3.60 14.5 ± 0.7
31  LORV- 24(24) 112.77 315 37.8402/ -87.7322 23.32±0.14 26.99±5.59 1.58±0.078 17.08±3.64 14.8 ± 0.7
11  LORV- 23(24) 110.03 228.6 37.8366/ -87.8726 19.90±0.08 20.04±2.74 1.33±0.07 15.0±2.2 14.9 ± 0.8
39  LORV- T3U terrace 23(24) 117.65 165 37.9767/ -87.1955 25.2±0.2 27.21±6.13 1.66±0.088 16.39±3.79 15.2 ± 2.8
35  LORV- T3U terrace 20(24) 117.65 165 37.9517/ -87.1825 31.84±0.25 33.65±5.44 2.07±0.103 16.26±2.75 15.4 ± 0.8
01  LORV- T3U terrace 24(24) 113.39 259.1 37.8177/ -87.7879 20.44±0.05 19.11±3.14 1.28±0.07 14.9±2.6 15.9 ± 0.8
17  LORV- T3U terrace 24(24) 110.64 381 37.7984/ -87.8192 36.52±0.17 36.83±4.55 2.19±0.13 16.8±2.3 16.7 ± 1
38  LORV- T4 terrace 17(24) 117.65 145 37.9361/ -87.2149 25.86±0.27 27.34±4.42 1.47±0.074 18.58±3.15 17.6 ± 0.9
26  LORV- T4 alluvium 22(24) 117.04 435 37.9450/ -87.4511 32.49±0.24 32.96±5.66 1.82±0.09 18.1±3.2 17.8 ± 0.9
28LORV- T4 terrace 21(24) 118.87 187 37.9085/ -87.2155 30.84±0.18 35.14±6.66 1.65±0.082 21.25±4.2 18.6 ± 0.9
34  LORV- T4 Dune 21(24) 119.79 180 37.9094/ -87.2000 31.47±0.27 32.47±5.39 1.70±0.081 19.16±3.31 18.6 ± 0.9
47  LORV- T4 alluvium 10(20) 112.47 1372 37.8550/ -87.6979 15.1 ± 1.77 16.2 ± 1.78 0.94 ± 0.06 20.3 ± 2.57 18.9 ± 2.53
29  LORV- T4 Dune 23(24) 128.32 250 37.8359/ -87.6918 32.29±0.26 33.3±4.68 1.71±0.083 19.50±2.90 18.9 ± 0.9
37  LORV- T4 alluvium 23(24) 117.65 465 37.9361/ -87.2149 31.26±0.18 32.86±4.96 1.65±0.084 19.90±3.17 18.9 ± 1
33  LORV- T4 terrace 20(24) 119.79 370 37.9094/ -87.2000 27.72±0.27 30.94±6.32 1.39±0.033 22.31±4.69 20 ± 1
27LORV- T4 terrace 19(22) 122.8 445 37.9483/ -87.4494 31.69±0.25 32.68±5.72 1.50±0.068 21.8±4.0 21.2 ± 1
30  LORV- T4 Dune 17(24) 127.1 530 37.8358/ -87.6919 32.43±0.26 33.19±6.64 1.51±0.072 21.92±4.51 21.4 ± 1
48  LORV- T4 alluvium 21(22) 112.47 2408 37.8550/ -87.6979 22.0 ± 1.28 26.3 ± 1.26 0.89 ± 0.06 35.5 ± 3.02 29.9 ± 2.7

      50  LORV- T5 alluvium 18(20) 123.75 2652 37.8207/ -87.7074 96.0 ± 6.92 111.3 ± 22.2  2.50 ± 0.11 44.5 ± 3.11 38.4 ± 5.92
      49  LORV- T5 alluvium 15(30) 128.32 2408 37.8317/ -87.6969 42.6 ± 1.45 45.2 ± 1.45 1.29 ± 0.07 41.1 ± 2.55 38.8 ± 2.44
       LORV-51  T6 alluvium 21(24) 123.74 3673 37.8207/ -87.7074 334 ± 23.4 344 ± 34.1 2.93 ± 0.12 117 ± 10.8 114 ± 11.5

*The number outside parenthesis is number of aliquots used for age caclulations.

Table 1. Equivalent dose and dates estimated using single aliquot regenerative (SAR) method. Each date was calculated using 
Grun (1991). 

Sample Lat. (N)/
Lon (E) Wt_mean Mean Dose rate

(Gy/ka)
Mean

age (ka)
Wt mean 
age (ka)

Elev
(m)

Depth
(cm)

Discs 
(n)

 

       LORV-23 T0 terrace 24(24) 107.59 502.9 37.8966/ -87.9176 1.84 ±0.01 1.88 ±0.18 2.49±0.13 0.8 ±0.1 0.7 ± 0.1
T0 terrace
T0 terrace
T0 terrace
T0 terrace
T0 terrace
T0 terrace
T1 terrace
T1 terrace
T1 terrace

       LORV-22 22(24) 106.68 198.1 37.8675/ -87.9108 1.69 ±0.01 1.72 ±0.17 1.85±0.10 0.9 ±0.1 0.9 ± 0.1
        LORV-25 23(24) 107.9 502.9 37.8829/ -87.8726 8.16 ±0.03 8.14 ±0.98 2.92±0.15 2.9 ±0.2 2.8 ± 0.2
        LORV-24 19(24) 108.2 228.6 37.8933/ -87.8842 3.91 ±0.04 4.21 ±0.71 1.23±0.06 3.5 ±0.6 3.2 ± 0.2
       LORV-13 21(24) 109.42 411.5 37.8571/ -87.8420 7.00 ±0.02 7.12 ±0.51 1.74±0.11 4.1 ±0.4 4 ± 0.02
       LORV-15 21(24) 109.73 289.6 37.8702/ -87.8683 6.45 ±0.03 6.67 ±0.71 1.51±0.09 4.4 ±0.5 4.3 ± 0.02

     STL  400 21(24) 102 400 37.85943/ -879423 7.1 ±0.03 7.4 ±1 1.52 ± 0.01 4.86 ±.7 4.7 ± 0.2
     LORV-21A 24(24) 109.73 259.1 37.8461/ -87.8903 9.12 ±0.02 9.8 ±1.24 1.83±0.09 5.4 ±0.7 5 ± 0.3 
      LORV-21B 20(24) 109.73 259.3 37.8461/ -87.8903 7.99 ±0.02 8.24 ±0.84 1.40±0.07 5.9 ±0.7 5.7 ± 0.3

       LORV-14 23(24) 109.12 320.0 37.8727/ -87.8540 7.51 ±0.02 7.77 ±0.97 1.30±0.08 6.0 ±0.8 5.8 ± 0.4
     LORV-10 24(24) 110.34 228.6 37.8420/ -87.8577 10.56 ±0.03 11.72 ±1.93 1.71±0.09 6.6 ±1.2 6.2 ± 0.3
     LORV-09 24(24) 108.81 472.4 37.8199/ -87.8516 9.77 ±0.03 10.08 ±1.01 1.39±0.16 7.3 ±1.1 7 ± 0.8 
       LORV-20 23(24) 110.03 426.7 37.8472/ -87.8806 7.64 ±0.04 8.08 ±1.32 1.02±0.06 7.9 ±1.3 7.5 ± 0.4
     LORV-19 24(24) 109.73 198.1 37.8471/ -87.7970 9.62 ±0.03 12.94 ±3.03 1.21±0.07 10.7 ±2.6 8 ± 0.5 
     LORV-05 23(24) 109.73 228.6 37.8461/ -87.8236 11.05 ±0.06 11.72 ±1.72 1.35±0.08 8.7 ±1.3 8.2 ± 0.5

      LORV-12 24(24) 109.73 198.1 37.8458/ -87.7350 0.0314.05±  14.72 ±1.74 1.58±0.10 9.3 ±1.3 8.9 ± 0.6
       LORV-41 17(24) 117.35 195 37.9016/ -87.2241 26.17 ±0.23 26.69 ±4.1 2.82±0.14 9.46 ±1.53 9.3 ± 0.5
     LORV-06 22(24) 109.12 381 37.8472/ -87.8275 12.68 ±0.05 13.35 ±1.62 1.35±0.08 9.9 ±1.3 9.4 ± 0.5
     LORV-03 24(24) 109.73 137.2 37.8389/ -87.8065 12.03 ±0.02 14.62 ±3.24 1.25±0.08 11.7 ±2.7 9.6 ± 0.6
      LORV-08 24(24) 107.29 228.6 37.8266/ -87.8447 16.32 ±0.03 17.03 ±2.98 1.66±0.10 10.3 ±1.9 9.8 ± 0.6
        LORV-07 24(24) 109.42 228.6 37.8525/ -87.8385 9.15 ±0.03 9.95 ±1.70 0.87±0.05 11.9 ±2.1 11.5 ± 0.6
    LORV-42 20(24) 119.18 785 37.8268/ -87.7180 26.17 ±0.21 29.83 ±5.18 2.06±0.1  14.46 ±2.61 12.7 ± 0.6
      LORV-36 20(24) 118.5 119.5 37.9487/ -87.1082 27.66 ±0.27 29.04 ±6.01 2.07±0.104 30.70 ±6.58 13.4 ± 0.7

LORV-18  23(24)  114.6 381  37.7792/ -87.8189 15.63 ±0.05 16.4 ±2.30  1.16±0.06  14.2 ±2.1 13.5 ± 0.7 

Landform/
Deposit

T2 terrace
T2 terrace
T2 terrace
T2 terrace
T2 terrace
T2 terrace
T2 terrace

T2 terrace
T2 terrace

T2 terrace
T2 terrace

T3L terrace

T3L terrace
T3L terrace

T3L terrace
T3 alluvium

T3L terrace
T3 alluvium
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T0 terrace  
and alluvium

Deposit  Description  Munsell  Thickness 
(m)  

Landscape 
Position*  

Geomorphic 
Characteristics

Diagnostic 
Features  Interpretation

 

 

10YR 4/2 (dark
grayish brown) 

and 5Y4/2 
(olive gray)

~2 - 6 20 to 24 m 
below grade

sediment caliber 
smaller than T7  

oxidized 
colors

 

 ~7 m  
~10 m below 

grade  
braided river 

deposits

unweathered 
coarse alluvium, 

only disguinishable
from T4 by 
OSL dating

 

medium and coarse sand
and fine pebbles;

composed of quartz,
chert, quartzite,

sandstone, limestone, and
granitoid rock fragments

 n/a n/a 12 to 13 m 
above grade  

n/a

n/a

 

  n/a  
5 to 3 m 

above grade  

 ~4 m  grade active floodplain 
level  

 

 7.5YR 4/6 
(strong brown) 

to 5Y 4/3
(olive)  

0 - 5 24 to 37 m 
below grade

highly compacted 
and severly 
weathered

severley
weathered,
oxidixed
 colors

coarse gravel and sandy 
gravel, composed of chert, 

siltstone, sandstone, 
limestone, and quartzite 

clasts; includes smaller % 
of igneous and metamor-

phic lithologies from 
Canadian Shield

 
 

up to 35 m braided river 
deposits  

unweathered 
coarse alluvium  

MIS 2 outwash 
deposited by braided 

Ohio River

surface of maximum 
aggradation during 

the LGM

inset terraces in T4 
alluvium, 

climatically induced 
hiatuses in incision 

loamy sand 
and silty clay to clay 14 m 

 from ~20 m 
below grade 

to 10 m 
above grade 

 

lens- shaped 
geometry

 

dark 
gray/reduced 

colors
 

fines deposited in  in 
distributary channels, 
on leeward sides of 

bars, and in backwater 
areas formed during 
peak flow periods

10YR 3/3 
10YR 4/6

  15-18 m 2 to 1 m 
above grade  

silty clay loam underlain by 
moderately to well sorted 
medium and fine sand.

10YR 3/4 
10YR 4/4

10YR 3/2 
10YR 4/4

 ~1 m above 
grade  

10YR 4/3 
10YR 4/6

silty clay loam and silty clay 
that is underlain by massive, 
moderately sorted fine and 

medium sand

silt and silt loam 

15-18 m meandering river
deposits

meandering river
deposits

no soil 
development 

very weak soil
development

transition to Holocene 
optimum

Holocene climate

Holocene climate

Table 2. Summary of alluvial deposits and landforms in the lower Ohio River valley

braided terrace 
surface

braided 
(upper levels) to 
anabranching 
(lower levels)  

channel morphology 
on surfaces

terrace risers 
between T4 -T3U 
and between T3U 

-T3L typically 
have low angles 
and are poorly 

expressed

coarse sand with lenses of
pebble gravel; similar

lithologies as T5

pebble sand; composed of 
quartz,chert, quartzite, 

sandstone,coal, limestone, 
and igneousand metamor-

phic clasts

T1 terrace  
and alluvium

T2 terrace  
and alluvium

T3 terrace  
and alluvium

T4 terrace

T4 alluvium
(fine)

T4 alluvium
(coarse)

T5 
alluvium

T6 
alluvium

T7 
alluvium

fill terrace, highest
in Ohio Valle y

cut terrace inset into T4
alluvium

10YR 4/2 (dark
grayish brown)
and 10YR 5/1

(gray)

10YR 5/4
(yellowish

brown) and 5Y
7/6 (yellow)

5Y 4/3 (olive),
10YR 3/1 (dark

gray), and 5B 7/6
(light -blue)

from ~22 m 
below grade 

to ~13 m 
above grade 

outwash deposited
during MIS 6 or 

earlier

reworked MIS 6 
outwash or 

MIS 5E meander 
belt alluvium

outwash deposited 
duriing MIS 3 

or possibly MIS 4 
outwash reworked 

during MIS 3
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T6 alluvium

-

-

-

T5 alluvium

 T4 alluvium

T4 terraces
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T2–T0 terraces

-
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3.6. Comparisons of the Ohio River and the lower Mississippi River valley

-
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Figure 3.7. (a) Natural exposure of  T0 alluvium  with 14C ages reported in radiocarbon 
years.   Terrace has very weak soil development and is primarily silt loam and silt. (b). 
Aggradation rates calculated from calibrated radiocarbon ages show rapid aggradation 
occurred between ~4 ka and 3 ka.  OSL ages for T0 (yellow circles) are consistent with 
calibrated radiocarbon ages.



25
draft

80

120

90

100

110

0 10 3020 50 706040 80

100

90

120

140

130

110

150

170

160

T3
T2

T1

T0

Sangamon
 paleosol?

T6
114 ± 11

38.4 ± 5.9 ka

38.8 ± 2.4 ka

29.9 ± 2.7 ka

T7 (in cores)

aggradation

1 2 3 4 5 6

M
D

95
-2

04
2

LR
04

 s
ta

ck

incision
lateral migration

lower  
Mississippi

channel belts

lower  
Ohio

terraces T7T6 T5 

meander belt
braid belt

fluvial  response of the Ohio  River 

El
ev

at
io

ns
 

O
hi

o 
Ri

ve
r 

?

T5

T4

5
3

O
18

‰
oc
ea
n

M
ar

in
e 

Is
ot

op
e 

St
ag

es
be

nt
hi

c 
O

 re
co

rd
s

18

T4

Figure 3.8. Comparison of Ohio River terrace chronology to the Mississippi fluvial system and to 
marine and terrestrial proxy records of climate change.  (a) The channel belt chronology of the 

record (Lisiecki and Raymo, 2005).  (b) A fluvial response model for the lower Ohio River valley 
indicating phases of aggradation and incision are climatically modulated. 

Age (cal ka)

a

b

T4T3

?

? ?

T2

T1

T0



Quaternary geology and geoarchaeology of the lower Ohio River Valley, southwestern Indiana

26 draft

-

-

4. Geoarchaeology of Angel Mounds

 

-

 

-

-
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4.1. Minimal and noninvasive methods applied to the study of earthworks and mounds 

-

-

 
  

Figure 4.1 Maps showing the location of the mounds and earthworks at the Angel site as well as 
the locations of other nearby, significant Mississippian sites within the Wabash, Ohio and Mississippi 
valleys mentioned in the text.  A) Topographic map of the Angel site showing locations of mounds 
(labeled) and other earthworks (after Black 1967; topographic base map provided courtesy of the Glenn 
A. Black Laboratory of Archaeology and Board of Trustees, Indiana University).  B) Parts of the 
Evansville South and Newburgh 7.5’ Quadrangle map showing the Ohio River floodplain and location o
the Angel site.  C) Map of middle Mississippi and lower Ohio River valleys showing locations of the 
Mississippian Period archaeological sites mentioned in text.  D)  Detailed topographic map of Mound A 
(topographic contours based on relative datum of 100m). 
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Figure 4.2  WPA crew sitting on the “primary mound surface” (Feature 
2) after completion of Mound F excavation (November 1941) 

 

Figure 4.3 Photograph of WPA archaeological crew exposing the “primary mound surface” in 1941; 
remnant of “secondary mound fill” and original ground surface labeled.  Age of primary mound surface
based on calibrated pooled mean average of 14C ages (see Table 2 [Context “Mound F”]); ages shown are
2σ range of calendar years.   
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4.2. The Mound A Project: using 
multiple methods to enhance our 
understanding of mound construc-
tion and chronology without sig-

mound

 
-

-

 

Figure 4.4 Complexity of fill underlying Secondary
Mound fill, Mound F 

Figure 4.5.  Maps of Mound A showing configuration of 
platforms.  A) topographic map, B) 3-Dimensional rendering, 
C) photo of Mound A looking east. 



Quaternary geology and geoarchaeology of the lower Ohio River Valley, southwestern Indiana

30 draft

-

 

Figure 3.  Photo of Core 7, upper platform, Mound A.  Note 
ordering of soil horizons near base of the Core. 
Figure 2.  Photo of Core 7, upper platform, Mound A.  Note 
ordering of soil horizons near base of the Core. 

Figure 4.6 A) Photograph of long axis of Mound A (view east, north on right side of diagram). B) 
Three-dimensional rending of Mound A, locations or traces of cores and ER profiles shown and 
labeled. C)  Photo of post molds at base of 1955 Mound A test excavation (view south); 14C- dated 
post-mold labeled (see Table 1 [Group “B”]).  D) Southern end of 1955 excavation block showing the
locations and 14C ages of Feature 2 (”roof”) and Feature 3. 
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Figure 4.8 Electrical Resistivity Profiles collected from Mound A showing the subsurface configuration 
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4.3. Construction chronology of Mound A

 
-

-

-

-

-

-

-
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Figure 4.9.  Pictures and locations of cores that have 
provided 14C chronology for Mound A. 
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Figure 4.10. Chronology of Angel Mounds based on 
probability distribution of calibrated ages from 
specific archaeological contexts. Note that structures 
and palisades are concentrated after AD 1300 and 
mound construction before AD 1300. 
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Figure 4.11 Interpretive diagrams summarizing the Mound A interior.  A) East-West (east and west [E 
and W, respectively] labeled, view south) profile showing generalized fill sequences that comprised 
Mound A.  Fill distribution and contacts based on cores and resistivity profiles (see previous figure).  
Chronological controls based on 14C ages of organic materials in Cores 5 and 7 (labeled on diagram); 
position of organic samples shown on core; material dated and ages shown as 14C years BP; calibrated 2σ 
range in calendar years shown in parenthesis; calibration after Stuiver and Reimer (1993), Hughen et. al. 
(2004) and Talma and Vogel (1993). B) Topographic map of Mound A showing location of profile shown 
in A.  C) Photograph of Rush sample (Beta-237767, Table 1) related to burn feature in Core 5.  Note 
redden earth under charred Rush in close-up of core (left side of C) showing intensive burning.  D)  
Photograph of dated grass sample from near base of Core 7 (Beta-232870, Table 1).  Contacts between 
overturned turf blocks, which is where preserved grass occurs, are indicated by arrows on core (lower part 
of 4D).  Up-directions of cores in C and D labeled and indicated by an arrow adjacent to cores.  
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5. Paleoliquefaction and earthquakes in the 
midcontinental USA 

Evidence for late Holocene seismicity in south-
western Indiana and Angel Mounds

-

-

-

-
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Figure 5.3. The paleoseismic record of the Wabash Valley seismic zone, based primarily on 
meisoseismal areas defined by paleoliquefaction (red) and one fault study. Recent research in 
the lower WVSZ has identified multiple sites with offset unconsolidated Quaternary reflectors 
above bedrock, but these features have no geochronology associated with them and are not 
included in this figure.
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6. Saturday Field Stops

The Angel Site Landform: Mound G, Angel Mounds, and Ohio River terraces

-

-

-

Description: 

A

B

C DA

B

C D

Figure 5.4. Paleoliquefaction features found within 20 km of Angel Mounds, exposed in the banks of 
the Green River to the south, include (A) large-scale clastic sand dikes (plan view),  (B) and (C) 
large-scale gravel dikes, and (D) numerous smaller sand dikes. 

D
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Discussion topics: 
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Er Profile

Airphoto showing Mound G

Figure 6.1.1  Air photo from 2006 showing Mound G and 
location of an Electrical Resistivity profile shown below. 
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Figure 6.1.2 Map showing a generalize 
model of terrace age near Angel Mound. 
Three general groups of landforms are noted 
that range from late Wisconsinan through late 
Holocene. Insert map shows the OSL ages of 
Ohio River terraces near Angel Mounds. 
Note the terrace upon which Mound G 
resides was probably formed during the late 
Wisconsinan maximum while the that upon 
which Angel Mounds resides probably 
formed during the initiation of vertical 
accretion of the Ohio River. 
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6.2.1. Loess

T3 terrace

c

upper T3 surface

lower T3 surface

d

Si f m c

110

109

108

Ap, 10 YR 4/3, silt loam

Bt1, 7.5 YR 4/4, silt 
clay loam (38% clay)

Bt2, 7.5 YR 4/4, silt loam 
Bt3, 7.5 YR 4/4, fine
 sandy loam 

Bt4, 7.5 YR 4/4, sandy 
clay loam to sandy
loam  with lamella 

CB, 7.5 YR 4/6, 
fine sand 

Figure 6.1.3. (a) Graphic sediment log of a core shallow core drilled on a T3 terrace and OSL age 
(LORV-05).  (b) Digital linescan image of a T3 core; interval is 3.6 - 4.0 m below the land surface 
(color alternates every 10 cm in scale to the left). (c) Photo of a T3 terrace inset in a T4 terrace.  
The road in the distance shows the scarp, which is almost as tall as a 1 story house in this example.  
OSL samples LORV-26 and LORV-27 were taken from the T3 and T4 terraces shown in this 
photo.  (d) Photograph of the eroded, low-angle scarp separating the upper and lower T3 terraces. 

el
ev

at
io

n 
(m

 a
sl

)
ba

LORV-11
14.9±0.8 ka

T4 terrace



41
draft

A

A’

B’

A

A’

BB

B’

A’
M

ou
nd

 G

up
pe

r T
4 t

er
ra

ce
 (~

21
 ka

)

T3
 te

rra
ce

M
ou

nd
 A

T2
 te

rra
ce

lo
w

er
 T4

 te
rra

ce

A

T3
 te

rra
ce

lo
w

er
 T4

 te
rra

ce
up

pe
r T

4 t
er

ra
ce

du
ne

s (
on

 le
ve

e)
W

illo
w

 p
on

d
(sl

ac
kw

at
er

 la
ke

)

lo
es

s u
pl

an
ds

B’
B

Fi
gu

re
 6

.1
.4

. T
op

og
ra

ph
ic

 p
ro

fil
es

 sh
ow

in
g 

th
e 

sp
at

ia
l 

re
la

tio
ns

hi
ps

 b
et

w
ee

n 
te

rr
ac

es
 a

nd
 la

nd
fo

rm
s.

~2
2 k

a
~1

8 k
a

~1
6 k

a
~2

2 k
a

~1
0 k

a
~1

8 k
a

~1
6 k

a



Quaternary geology and geoarchaeology of the lower Ohio River Valley, southwestern Indiana

42 draft

-

-

80

120

90

100

110

0 2 64 10 14128 16 2018 24 282622 30

T3

T2
T0

29.9 ± 2.7 ka

262

390

328

360

al
tit

ud
e 

(m
 as

l) T1

T1

T4

32 34 36 38 40

T1

T0 

T0 
T0 

Age (ka)

Figure  6.1.5. (A) Distribution of terrace OSL ages compared to the GISP2 18O ice core record and the carbon-
ate content of Bon Harbor Hills loess (a proxy for weathering), tuned to the ice core record using the OSL and 
14C paleosol ages . Fill-cut terraces formed  in the T4 outwash during transitions from cool to warm intervals. 
(B) chematic diagram showing the aggradation and incision history of the lower Ohio River for the past 40 ka, 
based upon the landscape position and OSL ages of deposits and terraces.
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6.2.2. Tributary Valley Fill

-

-

-

 

Figure 6.1.6 Electrical Resistivity profile collected across Mound G showing the subsurface properties of 
the mound fill. Probe spacing is typical (1m). These data were collected using a Syscal Pro Resistivity 
Profiler with 72 probes set at 1m spacing and “fired” using Wenner and/or Dipole- Dipole arrays. With 
such probe-spacing and array types, 10-14m of the mound subsurface was revealed.  The location of the 
profile through Mound G is shown on the on the previous airphoto of the mound. 
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 Floodplain and Eolian Deposits (38.211077°, -87.914694°)

-

 

Peoria loessRoxanna silt

Sangamon paleosol

Loveland loess

Figure 6.2.1. The Epworth Road loess section is north of the 
Ohio River, so the loess is relatively thin.  

>100 ±15 ka

20560 ± 440 yrs BP
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CC C’C’

Figure 6.2.2. The surfaces of tributary valleys appear to be flat lacustrine plains, but they actually slope away 
from the river and are very large, dissected natural levees that formed as aggrading outwash spilled into tribu-
tary valleys and filled them with sediment. Green dot is Stop 2 on Saturday. Yellow dot is the location of the 
core depicted in Figure 6.2.2.

stream flow direction

stream flow direction

stream flow direction
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Figure 6.2.3. Natural gamma log and geochronology for an IGS 
core taken along Interstate 69 which shows the complexity of 
the tributary basin fill.   
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Figure 6.3.1. Floodplain deposits at the base of the 
Mumford Hills.
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Figure 6.3.2. Loess exposure is primarily silt, but it does contains a lenticular shaped sand body that has  
lamina. At the far left side of photo 1, clay drapes the hill-shaped topography.
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A

A’

A’A

Figure 6.4.1. Topographic profile across the Mumford Hills.

ghost clasts

Figure 6.4.2. Sketch of Mumford Hills stratigraphy, drawn my Tom Mumford. 
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trench site

scarp

seismic profile
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scarp

truckscarpscarp

seismic profile

0 8km

Mt Vernon, INMt Vernon, IN

Hovey LakeHovey LakeHovey LakeHovey Lake

Figure 6.5.1. Hovey lake lies between the confluence of the Ohio and Wabash Rivers and an anoma-
lous scarp in the Ohio River floodplain.  Note the truck for scale in the inset photo. 
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77

A

Figure 6.5.2. (A) Geomorphic mapping indicates the 
flow direction of the Ohio River abruptly changed 
nearly 180 degrees ~4ka to flow around the scarp. (B) 
The scarp as imaged in a high resolution data set.
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Figure 6.5.4. Longitudinal profiles of the Ohio River floodplain and terraces are arched around 
Mount Vernon, Indiana and the Uniontown fault to the south (modified from Alexander, 
1974).The Wabash Valley seismic zone was not recognized at that time, so Alexander attributed 
the warped profiles to epeirogenic deformation from an unknown source.
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A Figure 6.5.8. Model for 
the evolution of the 
Uniontown fault scarp: 
A. Well-developed soil 
at the surface before 
faulting. B. Sediments 
are folded. C. Scarp is 
eroded, and weak soil 
develops on the scarp. 
D. Deposition fills 
downthrown side of 
fault, weak soil devel-
ops on fill.Fractures 
indicate possible reacti-
vation within the past 
few hundred years.  
Note that east is to the 
left, which represents 
the orientation of the 
trench wall that was 
logged.fault
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Figure 6.5.7. Magnetic susceptibility and a radiocarbon age for a 4 m core from 
Hovey Lake record Ohio RIver flooding history for the past 400 years. 
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Figure 7.1.1. View of Mound A looking East

N-S resistivity line of cone
(view north from
lower platform)

N-S resistivity line of cone
(view north of upper platform from Cone)

Figure 7.1.2  Examples of common setup of resistivity lines to 
construct ER profiles across the upper platform and conical offset.  
Probe spacing is typical (1m). These data were collected using a 
Syscal Pro Resistivity Profiler with 72 probes set at 1m spacing and 
“fired” using Wenner and/or Dipole- Dipole arrays. With such probe-
spacing and array types, 10-14m of the mound subsurface was 
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Coring on the
upper platform
near conical
offset (cone).
Opened core
shown on right

A-horizon layers (w/grass)
(20-24’)

B-horizon layers
(16-20’)

top of core

 Solid-earth coring (Geoprobe). Coring on Mound A. Several continuous, solid-earth cores 
that penetrate the entire mound fill have been collected from various parts of Mound A using a Geoprobe 
with dual-tube sampler. Many of these await analysis, but several have been described in detail, one of 
which was taken were the cone and platforms join and is shown here. These cores serve to define and trace 
physical stratigraphy of fill and sediment sequences within Mound A and provide a ground-truth 
framework for the subsurface geophysics. They show the “real” mound subsurface in great detail and by 
delineating the physical properties of fills and natural sediments, constraints can be placed on the “virtual” 
subsurface defined by geophysical methods.   

The core shown has of about 9.5m of mound fill consisting of stacked sequences derived from 
near-surface soil horizons.  The base consists of a ~2m-thick sequence of stacked 10-20cm-thick block of 
A-horizon soil that sometime contain preserved grass (or “turf”) along their upper surface. Grass, which is 
an annual plant, from the top and bottom of the sequence yielded nearly identical 14C ages (890 BP and 
900 BP; 2-sigma Cal AD 1020-1230) and indicates that Mound A was probably rapid built beginning soon 
after AD 1000. The “turf” blocks are clearly overturned and are distinct from the in situ soil sequence 
under the mound fill.  These are overlain by stacked 10-20cm-thick blocks of B- or BC-horizons that are 
generally stacked by color, with alternating “red-brown” and “yellow/grey” horizons. Whether this 
sequence has “cultural meaning” or reflects collection methods and engineering properties is interesting 
but speculative. Very few constructional hiatus were noted in any of the cores, which support rapid 
construction.  Additional 14C dates may provide a clearer idea of the timing and rates of mound building.  
Other analyses, such as palynology of fill and in situ soil at the mound base, as well as their geochemistry, 
may provide other important cultural and engineering data about the mound and Angel town environment. 

Figure 7.1.3.
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Results and Discussion: 
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Figure 7.1.5 Comparison of downhole conductivity traces from cores with resistivity profile 
from the upper platform..  Several down-hole electrical conductivity (EC) logs were taken from 
Mound A adjacent to the locations of GeoProbe cores and because they directly measure the EC 
of sediment at 2cm resolution, they show much more detail than resistivity profiles.  EC is the 
inverse of resistivity and works similarly. Typically, silt and clay have high conductivity while 
sand has low conductivity. By taking several EC logs along a resistivity profile, broader 
subsurface resistivity profiles can be calibrated to detailed, but more point-source measurements 
of electrical properties, and also can be directly related to the actual sediment or soil sampled 
and described from the GeoProbe cores. 

Two of the EC logs are plotted above to directly compare with the resistivity profiles. 
One (left) is adjacent to the dated sequence at the southern margin of the upper platform while 
the other log (right) was taken about 20m from the northern end of Mound A. The EC logs 
broadly agree with the coarser resistivity profiles. The base of the mound is evident by a 
characteristic “kick” in EC and the basal levee deposits are indicated by interbedded coarse- and 
fine-grained interbeds (alternating “high” and “low” EC layers).  The 10-15cm-thick layers 
marked by variations in EC represent minor fill units within in the mound.  A few of these may 
have EC properties that are distinct enough to represent marker horizons within specific 
components of the mound. 
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Figure 7.1.6 Mound A, lower 
platorm data. Left: gradiometer map 
of the lower platform. Locations of 
crossections shown . Below: cross 
sections of the lower platfrom. 
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Figure 7.2.1. Excavation of Mound F during the WPA era. 
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Figure 7.2.2 Profiles of 
Mound F from the 1964 and 
1965 excavations of Mound F 
showing the structure of the 
lower ca 2 m of the Mound. 
The lowest profile (D) is the 
one reopened in 2013. 

Figure 7.2.3 The Mound F profile showing cultural 
and natural features and possible paleoliquefaction 
(lower part of the profile). Location of profile shown 
on previous figure and view of profile is south (east to 
left, west to right). Insert photos are from 1965. 

No liquefaction or similar 
features were noted when 
the profiles was drawn in 
1965. Instead it was 
considered to be an 
intrusive cultural feature. 
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detached clasts

detached clasts
fluidized injection

fluidized injection

Figure 7.2.4. Many fluidized injections in the mound profile originated from larger liquefied sand 
bodies.  During seismic liquefaction, the forceful injection of sand into fine-grained units fractures 
the fine host unit, and clasts of the fine unit are often detached and transported by the fluidized sand. 
When shaking stops, the clasts become “frozen” in the sand. 

sand sand

sand
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Other liquefaction features at Angel Mounds 
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Data from the small mounds, Mounds C and H 

 -
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Figure 7.2.5 Electrical resistivity profile through the East Village and near the Potter’ s 
house (unit A) shows upwardly displaced sand in several areas, including  the region below 
the cultural horizon displaced in Fig. 5. Data acquired with a Syscal Pro Resistivity 
Profiler using 72 electrodes spaced 50 cm apart.  Note: OSL date of 10 ka was derived 
from this locale within the basal sand/gravel deposits. 

Insert photo on left (view north) show a downward 
displaced cultural horizon exposed in an excavation of 
a Potters house, presumably by densification or 
liquefaction of the underlying sand. Arrow points to 
approximate location of photo on the resistivity 
profile.  Note red knife for scale. 

Figure 7.2.6. GPR profile across the low platform on the southern side of Mound A. Disturbed 
radar reflectors are too deep to be horizons that were disturbed by natives. Data acquired using a 
Sensors and Software Noggin Plus GPR unit with a 250 MHz antennae. GPR transect location 
shown as the red line in attached airphoto) 
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Gradiometer surveys of Mounds C and H 
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Figure 7.3.1 Map of 
Angel Mounds 
showing location of 
earthwork at the site. 
Yellow boxes denote 
the locations of 
Mounds C and H. 

  

Figure 7.3.2. Section
of  Mound C. Note

relationships of
elements in NW

margin .
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Coring and cross sections of Mound C and 
H 

-

 
Figure 7.3.3 
Maps showing 
relationships 
of Mound C 
features 
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Population and demography trends in eastern North America: a perspective from Angel Mounds 

-

-

Figure 7.3.4 Section 
of Mound H. Note 

age  of possible sub-
mound buildings

Figure 7.3.4 Mound 
H
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Summary of the chronology of mounds, palisades, and structures 

-

  

Figure 7.3.5 Population estimates and demographic trends for Angel 
Mound and surrounding area (ca 25km radis) s based on construction 
energetics and  the chronology of structures at the site. 
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Figure 7.3.6  Probability Density Distribution of 14C ages 
from Caborn- Welborn and Mississippian sites in the lower 
Ohio valley showing shifting demographic trends and 
probable depopulation near the mouth of the Wabash River. 
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What Angel Mounds demography may tell us about regional population and settlement
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