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INSTRUCTIONS FOR FIELD TRIPS:

The Friday Field Trip will depart at 12:20 FM from the park-
ing lot Jjust scuth of Temple Hall on Southweset Micssouri State
University Campus. Thiz trip iz designed to examine some of the
sites in Webster and Greene County where parts of the fault zone
are exposed. In addition, the stratiqgraphy will be examined in
several places. The Saturday Field Trip will examine the sites in
Greene, Dallas, and Polk Counties. The Saturday Trip will depart
at 8:00 A.M. from Drury Inn on North Glenstone in Springfield. We
expect to finish about 2:30 P.M.

In order toc make the trip as informative as poszible, take
the guidebook aloeng and keep track of the mileage goints. Many
stops that could have been made are just menticned in the guide-
ook . You will have to observe them 3z we drive by, A&t each stop
we have allotted about 20 minutes for oabservation. If we ‘take
longer, we will ke back later than planned. Because many of the
roads we will be travelling will be fairly well travelled highways
pleacse take as many people in each car as possible and be careful
as wou get out and back into the cars.

I would like to express appreciation to 31l that have helped
wWwith this field trip. Members of the staff at the Department of
Geasciences, Southwest Missouri State Univer=zity, FRonasld L.
Martin, my wife, Edda May and many cthers.

Kenneth T, Thomsaon



ASSOCIATION OF MISSOURI GEOLOGISTS
FRIDAY AFTERNOON FIELD TRIP ROAD LOG
SEPTEMBER 28, 1984

This field trip will examine the Bolivar-Mansfield Fault Zone
at its southern end. Many sites along the fault zone could be
visited, but due to the limited time available for this field
trip, only selected sites were included.

The group will meet at Southwest Missouri State University’s
Temple Hall and caravan to the starting point for the trip. The
caravan will proceed south to Grand Street, turn left and proceed
to National, turn south and drive to Battlefield, turn left to
Glenstone and proceed south on Glenstone. The caravan will reform
along the side of the road in front of Friendly Ford on the west
side of the road sbout a quarter of a mile south of Battlefield.
We will then caravan to the starting point for the field trip
which is on highway 60 about 7.5 miles east of Seymour (about 36
miles to the east of Springfield).

The starting point is in MWright County at the second
turnaround on highway 60 about 2.1 miles east of the junction of O
and highway 60. 0O highway leadszs to Cedar Gap.

0.0 6.0

Starting point of road log. Qutcrops in this
area are all Cotter Dolomite, This can be
ocbserved on both sides of the road from here
to Stop 1.
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'F19ure . Geologxc Map of the Cedar Gap dnd Lead Hill Faults,
taken from mapping for CUSMAP (Thomson, 1982). Scale 1:24,000.




20.4

Bottom of valley. Lead Hill Fault cuts diag-
onally through this valley. It cannot be seen
here, but evidence for it is in the hill to
the southeast (figure 1).

Cotter Dolomite outcrops in the roadcut.

STOP 1. CEDAR GAP FAULT (Figure 1). At this
point the Cedar Gap Fault is well exposed 1in
the new roadcut. Here you can observe the
Up thrown Cotter, Compton and Northview
Formations on the east side and the downthrown
Northview on the west. The fault strikes
nearly north-south and joins with the easterly
trending Seymour or Diggins Fault to the
south, The beds of the Compton can be traced
right up to the fault where they seem to show
evidence of drag as they dip inte the fault.

This is alsoc a good site to examine the
lithologqy of the Cotter Dolomite and the Comp-
ton Limestone.

Geomorphically we are at the Burlington
Escarpment. We just drove from the Ordovician
rocks of the "0Ozarks” up onto the Missicss-
ippian rocks of the Springfield Plateau.

Junction of Highway 0 to Cedar Gap with high-
way 60.

Entering Webster County. From here to the
next milepost, chert residuum can be seen in
all roadcuts. This residuum ics derived from
the Burlington Formation.

Junction of highway 60 with highway C.

Entering Diggqins. Junction of highway &0 and
highway 0. Continue to the west on highway 60.

Junction of highway 60 and highway A, Turn to
the right on highway A and proceed north.

Crossing the location of the Fordland Fault.
No evidence present at this point.

Junction of FF highway with A& highway, turn to
the left and proceed west., The entire upland

in this area is made up of Elsey residuum. The
Elsey is so cherty that it weathers easily and
it is rare to find outcrops.

From this poeint to the next milepost, cutcraps
of Northview can be seen along the road. An
exceptionally good one can be seen at 25.25.



20.95 0.55 '
Junction with dirt road, turn right on dirt

road. Northview exposures can be seen along
the road for the next 0.6 miles.

21 .60 0.65
Cross east Dry Creek Fault.

21.75 0.15
Cotter outcrops can be seen on the right side
of the road for the next 0.15 miles.

21.95 0.2
Cross west Dry Creek Fault.

22.45 0.5

Junction, turn around and return along the
same road.
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Figure 2. Geologic Map of the Dry Creek Fault Complex, taken fram
mapping by Jeffries (1935), modified by Thomson (1982).

23.3 0.35
STOP 2. DRY CREEK FAULTS., This is a good
point to observe the middle fault. Here you
can observe good cutcrops of Northwiew Shale
in fault contact with the Cotter Dolomite. The
two western faults have 3 parallel strike to
the northwest and are only about 2/% of a3 mile
apart. The western fault cannct be illustrat-
ed at this point. Return to highway FF.

23.85 0.35
Junction with FF, turn right on FF and proceed
to the south.



23.95
24.35

24.55
24.8

25.35

27.15

27 .49
27.8
29.35

29.35

29.73

29.9

30.25

31.05

31.35
31.55

31.65

0.1
0.4

Northview outcrops on right.

Compton limestone overlain by Northview shales
on the west side of the road.

Cross the Dry Creek Fault. Cannot recognize
it here.

Cross valley, Cotter Formation outcrops in the
bottom.

To the southwest and west of this point you
can see four large towers. These are the TV
broadcasting towers for the four network TV
stations in Springfield. They are placed here
because of the elevation of this portion of
the Springfield Plateau. The locations of the
towers are all above 1550 feet (MSL), higher
than most of the Springfield Plateau.

Sandstone units of the Cotter Formation can be
seen in outcrop on both sides of the road here
and about 0.1 mile further.

Cross Creek.

Northview outcrops on right side of road.

Northview outcrops on right side of road.

OQutecrops of Compton Formation can be seen on
the left side of the road.

Entering Fordland.

Junction of highway PP and FF, turn right and
proceed through Fordland to the west.,

Junction of highway PP and FF, continue to the
west on highway PP. The highway will curve to
the right about 0.7 miles out.

Junction at curve to west. Take road to the
north past Fordland High School.

Pavement ends, continue on dirt rocad.
Elsey residuum on right side of road.

Northview outcrops on the right side of road
for the next 0.2 mile.



31.95

32.0

32.25

32.35

32.6

32.65
32.75

33.0

33.75

36.25

36.9

37.25

37.45

37.79
37.95

38.15

0.3

Cotter outcrops on the right side of the road
for the next 0.2 miles. The Cotter forms a
low bluff along the east side of the road.

Junction of dirt road. At this point, the
Fordland Fault cuts through in an east-west
direction. Continue north on the dirt road.
You can observe that Northview again is in
outcrop on the east side of the road for the
next 0.15 miles. The north side of the fault
is the downthrown side displacing northview so
that it abuts Cotter Formation.

Bottom of Burks Hollow.

Turn around and return south to the road junc-
tion.

Junction, turn right and proceed to the west
and then southwest.

Northview outcrops on north side of road.
Elsey residuum present along road.

Junction with paved road coming in from the
left side, proceed south on the pavement. The
upland area between this point and highway PP

is all composed of Elsey residuum.

Junction with highway PP, turn right and pro-
ceed west on PP.

Crose Dry Fork of Panther Creek. Just to the
west of the road is an old abandoned mine that
some prospector tried to make a living from
the lead or zinc that was in the area.

Cotter Formation cutcrops on the left side of
the road.

Northview outcrops underlain by Compton Form-—
ation on the left.

Cotter outcrops on the left for the next 0.1
mile.

Junction, stay left on the paved road.
Northview ocutcrops for the next 0.1 mile.

Pierson Formation outcrops on the right.



38.35 Q.2
Junction of highway KK and PP, turn left and
follow KK to the west.

3%.45 1.1
Junction of KK with highway B. Turn right and
proceed to the north.

39.75 0.3
Junction of B with highway AD. Continue north
on highway B.

42.45 2.7
Cross Panther Creek.

45.75 3.3
Cross creek.

46.2 0.495
Cotter Dolomite and chert outcrops on bath
sides of the road. Note the elevation of the
outcrops.,

46.3 0.1
Cross valley,

46.4 0.1

Cotter outcrops on right side of road.
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Figure 4. Geologic Map of the Strafford Graben, taken fram mapping
by Pulliam (1954) and Lock (1954) modified by Thomeon (1382).

46 .6 0.2
Crose South Strafford Fault inte the Strafford
Graben. Here Northview is faulted down against
the Cotter Formation. The fault extend to the



46.65

46.8

46.9

48.4

48.65

48.9

Figure S. Reproduction of the measured section of the

west and east from this point. To the west it
crosses interstate highway 44 and continues

north of Strafford (figure 4).

0.0S
Northview outcrops.

0.13
Cross North Strafford Fault. Here the North-
view is again faulted against the Cotter. The
north side is the upthrown side.

0.1
Cross the James River, the south abutment of
the bridge is in the Cotter Formation dolo-
mite.

1.9
Entering Northview Community.

0.25
Caution, cross railroad tracks.

0.25
Pond on the left is held by the shales of the
Northview Formation. Outcrops of the North-
view can be seen on both sides of the road
from here to the junction with highway 00.

0.65

left on Q0 and stop.

FF. NORTHVIEW

Roadcut on north side (along westbound lane} of U.S. Highway 66 1.2 miles north-
-west of town of MNorthview; center cf SE4 sec, 22, T. 30 N., R, 19 W., Webster County,
Missouri; Strafford (15°) Quad.; MGS 1294-92. This is the type section of the Northview
Formation, Stop 1 of Johnson {1963, p. 7 and 11).

MISSISSIPPIAN SYSTEM FT?;ick'ne:s
e nche:
OSAGEAN SERIES s
PIERSON FORMATION (9 fzet exposea)
3. Limestone, brown, dolomitic, fine-

grained, thick, even beds; scattered

calcite-filled vugs ... ... ... *

)
3

Same as unit 3; singie bed, no
calcite nodules . . ... ...... . 3.

KINDERHOOKIAN SERIES
NORTHVIEW FORMATION
(80 feet exposed)

1. Siitstore, gray, blocky to dense,
some persistent beds; top 3
feetsamplea ... ...... ... 25

Formation taken from Thompson and Fellows (13639).

-7

Junction of highway B and highway 00, turn

Morthview



49.6

49.9
50.0

52.65

52.85

54.15

96.15

56.8

58.0

63.3

63.8

64.1

65.05

65.2

0.95

0.15

STOP 3. TYPE SECTION FOR THE NORTHVIEW FORM-
ATION (Figqure 5). The shales and siltstones
of the Northview are exposed in the rocadcut on
the north side of the road. The measured sec-—
tion included in Thompson and Fellows (1369)
is reproduced as figure 3.

Northview siltstone outcrops on the left.
Pierson outcrops on the left.

Cross the North Strafford Fault. No goocd evi-
dence exists at this point (figure 4).

Cross the South Strafford Fault. Again, no
good evidence at this point (figure 4).

Entrance to Exotic Animal Paradise.
Entering Strafford.

Junction of highway 00 and highway 125, cont-
inue west on 125 through downtown Strafford.

Junction of highway 00 and highway 125, turn
left and proceed south on 125. Cross railway
tracks with caution. As we proceed south from
Strafford, the upland areas that we cross are
all underlain by residual Burlington Limestone
and Elsey limestone and chert. Outcrops are
rare.

Cross James River. Note that the outcrops in
the bottom of the river are all Cotter Dolo-
mite.

Junction of highway AD with 125. Continue to
the south on highway 125.

Junction of highway D and highway 125, turn to
the left and follow highway D to the west.

Roadcut in the Elsey Formation.

STOP 4, TYPE SECTION OF THE PIERSON FORMATION.
(Figure 6). The original type section was on
the o0ld road. The new roadcuts expose movre of
the section and include good exposures of the
Elsey Formation. Examine the lithology and the
contact between the Pierson and Elsey Form-
ations. As we proceed to the west, we will
cross the flood plain of the James River.

~8-



A. TURNER STATION

Roadcut on north side of Greene County Road D {East Sunshine) 0.1 mile northeast
of Turner Station; NW% SW% SW¥% sec. 29, T. 29 N., R. 20 W,, Greene County, Missouri;
Galloway Quad.; MGS 1283-27. Type section of the Pierson Formation (Beveridge and
Clark, 1952, p. 76); described in Johnson (1963, p. 12) and Robertson {1967, p. 54).

MISSISSIPPIAN SYSTEM Thickness
3. OSAGEAN SERIES Feet Inches
'G <~ _l_::ﬁ_:‘* BURLINGTON LIMESTONE (1 foot exposed)
§ 20 Covared 21.  Limestone, light-tan, dolomitic,
€ Interval coarse-grained, thin-bedded. . .. 0 6
19 ﬁ
p » 20. Covered interval, . . ....... 3t
overe
3| 2T 5o ELSEY FORMATION (27 feet)
N
§ %ﬁ// 19. Limestone {50%), lightgray,
x I finely crystalline; chert, whits,
7 mottied, as large nodules . . .. 2 6
™ : . +
a 18 18. Covered interval . . . . ... ... 13-
-4
= W s .
z 17. Limestone (50%), gray-brown,
- ‘4 very finely crystalliine with
g). 13 | scattered crinoidal debris,
b thick-bedded; chert, white
12 with gray motties, crinoidal,
§ ! 3 as large nodules between nod-
z sy 3 ular limestone beds: . ..... 4t
a. = (4]
&l S - ? 16.  Limestone, same as unit 17,
@l 5 % 40% chert ............ T
A —
w S @ 15,  Limestone, same as unit 17 . . 2 2
3 ‘

] ! 14. Limestone, same as unit 17, +

stightly dolomitic .., ...... 2-

PIERSON

PIERSON FORMATION (40 feet)
Limestone, dark-brown to brown,

13- dolomitic, finely crystalline,
cherty, medium-bedded. . ...... 2+
12, Limestone, dark-brown, dolo-

mitic, finely crystalline, with
scattered crinoid debris; con-
tains scattered chert nodules;
one bed 5 6

NORTHVIEW FM.

Figure 6. Reproduction of Measured Section of the Pierson Forma-
tion taken from Thompson and Fellows (1969).

-9-



1.

Figure 6 cont.

Limestone (90%), dolomitic,
finely crystalline; chert, brown,
bedded ...............
Dolomite, brown, calcareous,
finely crystalline; chert, gray

to tan, as scattered nodules;
onebed ..........00...
Dolomite, light-tan, medium-
crystalline, silty; in thin, slabby,
wavy beds

Siitstone, yellow-brown,
dolomitic, . .. ... .. ....

Siltstone, light green-gray, dolo-
mitic, laminated; grades upward
into unit 3

KINDERHOOKIAN SERIES

NORTHVIEW FORMATION

Siltstone, yellow-brown,
shaly .

son and Fellows (1969).

65.85

66.05

67.15

67.73

68.45

69.15

69.25

71.45

Thickness

Feet Inches
1 10
3 4
2 6

1~

2 6

{2 feet exposed)

11.

Limestone, brown, dolomitic,
finely crystalline, shaly, cross-
laminated, thick-bedded; chert,
brown with white rinds, spicular,
thinbedded . ............

Limestone, light-brown, dolomitic,
finely crystatline, with scattered
crinoid debris, nodular; chert,
mottied white arnd brown, as
scattered nodules

---------

Limestone, same as unit 10 , . .
Limestone, same as unit 10 , _ |

Limestone, same as unit 10;
no chert; shaly at top and
bottom

Croses the James Riwver.

Elsey Formation cutcrops in roadcuts.

S. BURLINGTON LIMESTONE.

presents a

Burlington

good
Limestone,

opportunity to

This

Croses Pierson Creek,

residuum

Signal light,

Crossing under highway 635 and entering Spring-

0.69
0.2
1.1
sSTOP
0.6
0.7
Red
very
stone,
0.7
0.1
field.
2.2

Intersection
of roadlog.

-10-
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of Glenstone and

cute alengside
indicative of weathered Burlington Lime-

proceed with caution.,

NO© ™
T+ a4+

Reproduction of Measured Section taken from Thomp-

road cut
observe the
the Elsey Formation and
the contact relationships between the two.

the road

Sunshine.



ASSOCIATION OF MISSOURI GEOLOGISTS
SATURDAY FIELD TRIP ROAD LOSG
SEPTEMBER 29, 1984

This field trip will examine the northern portions of the
Bolivar-Mansfield Fault Zone. During the preparation of this road
log, many sites of interesting geoclogic structures were considered
for inclusion as stops. In evaluating how long it takes to stop,
get out of cars, examine the stop, and return to the cars, it was
determined that the number of stops had to be restricted so as to
make the field trip a3 reasonable length in terms of mileage and
time.The geologic maps of the area of the Bolivar-Mansfield Fault
Zone can be obtained from the Missocuri Department of Natural
Resources, Division of Geology and Land Survey where they are on
open file.

Because of the number of interesting sites that can be exam-
ined on this trip, it is essential that each car have a navigator
to keep track of the road log and to read the information to
others in the car. Many of the original stops are still included
in the field trip, but you will have to observe the area as we
drive through. We will be travelling in a caravan with you driv-
ing your own vehicles. Please combine rides and take as many in
each car as you can. This will help prevent large traffic jams.
We hope that you enjoy the field trip and learn more about this
major geologic structure.

Mileage:
Cum. Diff.
0.0 0.0

Starting point for roadlog, corner of Glen-
stone and interstate highway 44, Proceed east
on 1-44, Roadcuts on both sides of the high-
way show Mississippian Burlingten Limestone
exposed as cutters and pinnacles. These karst
features form from solution beneath a soil
cover. Much of the Springfield area is
underlain with this irregular bedrock surface.

Junction of I-44 with U, 8. highway 63 to
Sedalia. Turn right on the cloverleaf and
proceed to the north on U.S. highway £5.

Cross the Brown Fault, Here the Burlington
Limestone has been faulted intoe contact with
the Pierson and Elsey Formations. The north
side is the downthrown side.

STOP 1. VALLEY MILLS FAULT ZONE (Fig. 1)

At this stop you can observe the Burlington
Limestone (on the south) in fault contact with

~11-



Figure 1.
Beveridge (1970).

Geologic Map of the Valley Mills Fault Zone, taken from

Scale 1:24,000.

the Northview Shale (on the north) which has
been uplifted. The Northview is a gray to
greenlish-gray colored shale unit against the
white to light gray colored Burlington Lime-
stone. The structure is a horst with the north
fault at the overpass just to the north. Be-
yond this, the Elsey is at the same elevation
as the Northview in this roadcut.

Cross South Dry Sac River. Northview Forma-
tion is in the bottom of the wvalley with
Pierson showing on both sides.

Chert vresiduum found in roadcuts along the
uplands here will be derived from either the
Burlington or the Elsey. Most is derived from
the Elsey with the Burlington only occupying
the highest elevations.

Northview formation outcrops in roadcuts.

STRATIGRAPHIC SUCCESSION IN THE FELLOWS LAKE
AREA. In this area the stratigraphic section
from the Ordovician Cotter Dolomite through
the Mississippian Compton, Northview, Pierson,
Elsey,and Burlington are exposed. Figqure 2
shows the stratigraphic section in this area.

=12~



PENNSYLUANIAN

CHANNEL SANDSTONE Pes
Sandstone and conglomerate. Very irreqular in distribution but tends

to cap knobs and ridges. As much as 33 feet of this caps some ridges.

MISSISSIPPIAN

BURL INGTON-KEDKUK LIMESTONE Mbk
Crinoidal gqray limestone containing chert nodules. HWeathers to sticky

chocolate-covered soil. Although the unit is up to 200 feet thick, in this

area only about 60 feet are exposed.

ELSEY FORMATION Me
Fine-grained gray limestone with abundant chert beds and nodules.
Approximately 40-50% of the formation is chert. HWeathers to 3 rubbly
residuum composed almost entirely of anquliar fragments of chert with small
amounts of red clay. Very resistant. The formation is 50 to 55 feet thick.

PIERSON FORMATION Mp
Brown or brownish-qray magnesian limestone with scattered chert
nodules. The unit is from 33 to 38 feet thick here.

NORTHVIEM FORMATION Mny

Olive-green, nonresistant siltstone and shale alternating with brown
resistant siltstone ("worm rock®). In this area the formation is 38 to 80
feet thick.

COMPTON FORMATION He

Thinly bedded greenish-gray limestone that contains abundant small
pyrite nodules. A massive dolomite in some exposures. Fossils are common.
Underiain by a 4 inch sandstone and shale unit (Bachelor Formation) that is
rarely seen at the surface in this area. The formation is 12 to 15 feet
thick in this area.

ORDOVICIAN '
COTTER DOLOMITE 0c
Predominantly gray to brown dolomite with varying amounts of chert and
P sope interbedded sandstones. Including the subsurface, the unit is from 150
\. to 175 feet thick.

Figure 2. Stratigraphic section of the Bassville ares. Taken
from Geoclogic Quadrangle Map Series No. 4, 1970, by T. R.
Beveridge (1370) and modified by K. C. Thomson (1984).

-13-~



Figure 3.
taken from Beveridge (1970). Map scale 1:24,000.

6.9

0.3

Geologic Map of the Strafford Fault near Fellows Lake,

STRAFFORD FAULT (Figure 3). At this point,
Pierson Formation can be seen in the bottom of
the creek bed. To the north, the cherty lime-
stone of the Elsey Formation outcrops on the
left side of the road. Directly behind us, the
Northview Shale cutcrops at the same elevation
as the Elsey to the north.

Junction of Highway KK-C and Highway 635.

Cross the Little Sac River. To the west is
Fellows Lake, a portion of the water supply
for Springfield.

Junction of Highway KK-A and Highway 63.

Crossing a portion of the Graydon Springs
Fault (fig. 9).

BURLINGTON ESCARPMENT. @At this point we are
looking out over the Ordovician rocks of the
Salem Plateau, This erosional escarpment cuts
back into the Mississippian sediments of the
Springfield Plateau. Several erosional rem-—
nants in the form of mounds seen to the north

-14-



10.7

11.0

11.3

11.5

13.5

14.3

15.0

15.3

15.7
15.8

16.0

0.4

0.1

and northwest were left behind by the headward
erosion of the Pomme de Terre River and its
tributaries. To the right, Fair Grove Mound
is composed mainly of Mississippian sediments
capped by Pennsylvanian sandstone and conglom-
erate.

Cotter Formation dolomites in the roadcut.
Crossing the Little Pomme de Terre River.
Roadcut in the Cotter Formation dolomites.

COTTER FORMATION. This roadcut is entirely
Cotter Formation Dolomite, mainly a light gray
to light tan-weathering fine grained, crystal-
line dolomite. It contains some beds of sand-
stone and inter-bedded chert nodules and beds.
All roadcuts from here to the next mile marker
are Cotter Dolomite.

Junction of highway C-125 and highway 65. Stay
on highway 685.

Erosional remnants of the Springfield Plateau
can be observed to the west of the highway.

Cotter cutcrops in roadcuts.

Jefferson City Formation outcropse. The Jeffer-
son City Formation in this area consists of a
light brown to gray, fine grained doclomite
with interlayered sandstene and chert beds.
The formation is very similar toe the overlying
Cotter Formation. Identification in this area
is based on elevations of formation tops
determined by insoluble residues of water well
cuttings from local wells.

Cross the Pomme de Terre River.
Entering Dallas County from Greene County.

Boulders of chert breccia can be found on the
hillside to the east. These occur throughout
Dallas County at the same elevation as the
Jefferson City/Cotter Formation contact. The
breccia has never been found in ocutcrop in the
county, but seems to be consistent as a guide
to the contact. Its true character remains to
be determined.

-15~



l6.2

18.35
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22.9
23.15
24.45
24.7

25.05

g.2
2.15

1.5

0.25

0.35

Junction of highway 65 and highway AA.
Junction of highway 215 and highway 65.
Junction of highway Z and highway 65.
Northview Shale outcrops the ditech on the
right side of the road. The High Prairie
Christian Church on the left is on an erosion-—
al remnant of the Springfield Plateau.
Junction of highway 38 and highway 65.
Junction of highway TT and highway €3.

Turn left onto dirt road and proceed west.
Turn right and proceed north.

Observe sandstone on the left. This sandstone
unit of the Cotter Formation is very common in

the Halfway area. Several outcraps can be
seen for the next quarter mile.
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Figure 4. Geoclogic Map of the east end of the Schofield Fault,

from mapping for CUSMAP project by Thomson (1982).
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23.3
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26.3

26.695

27.95

28.6

0.2

Junction, keep to the right. SCHOFIELD FAULT
CROSSES ROAD (figure 4). The Schofield Fault
has been traced from this point to the east
where it becomes very obscure and to the west
where it can be easily identified with some
detailed field work. In this area is an ex-
cellent example of the type of field work that
is necessary locate the faults in this area.
The dirt road to the left gives an excellent
example of how the problem can be solved. At
the top of the hill about 3/74 mile to the
west, the soil is sandy and you find ocutcrops
of the same sandstone that you just drove
past. As you drive to the east along this
horizontal road you come to outcrops of
Misgssissippian Limestone about 1/4 mile to the
west. As you come east down hill, you can see
Northview Shale in the ditches along side the
road. Where we are now, Cotter Formation
crops out. This is all found 3long a ridge.
In the valley and on the hills to the south,
outcrops of Cotter Formation sandstone and
dolomite can be seen. On the north side of
the wvalley to the north, outcrops of Cotter
sandstone and dolomite can again be seen as
well as an isolated hill of Mississippian
Compton and Northview Formations at an elev-
ation higher than the sandstone at the top of
the ridge. Figure 4 showe these relationships
and the location of the fault lines.

Cross bridge over Buffalo Branch and proceed
to the north.

Sandstone outcrops can be found a3ll the way to
Foose.

Entering Foose, 3junction of dirt road with
highway EE. Turn left onto EE and proceed to
the west,.

The two mounds on the left are Misesicssippian
erosional remnants which have both Compton and
Northview Formation exposed.

Crossing the Halfway Fault, a3 north branch of
the Schofield Fault. No evidence for the fault
can be seen here.

Junction of highway EE with highway FF, turn
left on highway EE. Observe Cotter Formation
in the ditches.
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33.25

33.6
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34.95

36.05

36.3
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Cross the Schofield Fault. No evidence can be
seen at this locality because of the culti-
vated fields.

Turn right and stay on highway EE.

Schofield, with both its church and cemetery.
Continue west on highway EE.

Junction highway EE and dirt road. Turn right
on the dirt road and proceed to the north.

Sandstone outcrops c¢an be observed for the
next 1.3 miles.

Cross creek and proceed west; note sandstone
outcrops in the creek bed.

Turn right, follow the dirt road through
several curves for the next gquarter mile.

Turn right at road junction, coentinue north.
Mississippian limestone outcrops in the road.

STOP 2. QUARRY IN COMPTON FORMATION LIMESTONE.
These beds are dipping northwest as a result
¢f fault deformation to the west (figure 5).
The fault is the westward extension of the
Schofield Fault. Return to cars and proceed
to the north. The hillslope we climb is North-
view Shale overlain by Pierson Dolomite. The
Burlingten Limestone makes up the lithology on
the hilltop.

Turn around in the driveway and proceed back
te the south to the road junction which is in
the Cotter, and turn right.

Burlington Limestone outcrops in the vroad.
Cotter Dolomite can be found both behind us
and in front of us forming a3 wedge of lime-
stone between two branches of the Schofield
Fault (figqure S).

Sandstone underlies most of the hills from
here to the junction with highway H.

Junction with highway H. Turn right and pro-
ceed to the north.

Croces Schofield Fault.

—-18~
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36.595

36.75

37.05

37.9

38.03

38.45

39.35

40.05

Geologic Map of the west end of the Schoefield Fault,
from geologic mapping for the CUSMAP project (Thomson, 1982).

0.25

Hills on both gsides of the road are Mississ-
ippian sediments.

Cross Brushy Creek.

Northview Shales can be observed in roadcuts
along the left side of the road for the next
0.15 mile. It can also be seen for the next
3/4 mile in ditches alongside the road.

Cross fault. Here the Cotter <sandstones are
faulted against the Northview Shales.

Entering Halfway sign, sandstone ocutcrops from
here to the junction with highway 32.

Junction with highway 32, turn left and pro-
ceed west on highway 32.

Cross same fault seen at milepost 37.9.
Northview on the right side of the road. The

hills to the north are 3ll Mississippian sedi-
ments.
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40.45

40.65

41.20

41 .45

42.0

43.55

44,45

44.5

44.7

45.095

45.45

46.55

46.85
46.35
47.85
48.05

48.2

49.23

49.65

Cotter sandstone outcrops on the left.

Hill to the north is Northview Formation, the
highway is on outcrops of Compton Formation.

Cotter sandstone outcrops on the right.

Cotter Dolomite outcrops can be seen from here
to the junction with highway AA.

Junction with highway AA, turn right. Cotter
Dolomite forms bluffs and outcrops which can
be seen along the right side of the road for
the next mile and a3 half as the road follows
the Pomme de Terre River.

Cotter outcrops along both sides of the road.
Cross Hominy Creek.

Cotter Dolomite in roadcut on the right.
Cotter sandstone outcrops on the left.

Black 0Oak Church

Turn left, the hill te the right is in North-
view shales. From here toc the next milepost,
Cotter Dolomite and sandstone can be seen
along the road, particularly 1in outcrops in

the creek bed.

Northview Formation in ditch on left side of
road.

Entering Vialet (no sign).

Burlington Limestone outcrops on right side.
Pavement ends, continue north.

Northview can be seen in the ditch here.

Crossing the Huron Fault. Evidence for the
fault is difficult to find in this area.

Cotter sandstone outcrop having a slight north
dip.

Mississippian Northview, Pierson, and Burling-

ton Formations ocutcrop along the road on the
left.

=20~



50.15 0.5
Junction of highway D, turn left on D.

51.0S 0.9 ,
Cotter Formation dolomite in ditch on right.
S51.15 0.1
Hill to the left is Northview shale and silt-
stone.
S51.4 0.25
Huron Church on the right.
51.95 0.S5
Entering Huron.
52.4 0.45
Junction of highway PP and highway D, turn to
the left on highway D.
52.75 0.35

Cotter residuum on both sides of highway.
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Figure 6. Geologic Map of the Huron Fault, taken from mapping for
the CUSMAP project (Thomson, 1982).

53.1 0.38
HURON FAULT (figure 6). The Huron Fault
strikes northwest through this valley displac-
ing the Cotter Formation upward against the
Mississippian Formations. At this point the
Cotter is in contact with the Northview.

53.15 0.05
Pierson outcrops in the roadcut on the east
side of the highway.

53.25 g.1

Burlington outcrops in roadcuts for the next
374 mile.
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STOP 3. MISSISSIPPIAN STRATIGRAPHIC SECTION.
The Pomme de Terre River you can observe a
complete stratigraphic section from Ordovician
Cotter Formation to Mississippian Burlington
Limestone., ' The Burlington Limestone in this
area is white to light gray, coarcely
crystalline-fossiliferous limestone with some
bands of brown in the lower sections. The
Pierson Formation that underlies this unit is
about 10 to 20 feet of brown silty dolomite.
Studies by James F. Miller (personal
communication) on the crinocids indicate that
the lower portion of the Burlington is
actually Pierson in age, but the lithology is
so¢ similar to the Burlingteon that it is
impractical to make the boundary change for
mapping purposes. The Northview underlies
thePierson and consists of about 40 to 50
feet of light brown to greenish-gray siltstone
and shale. The underlying Compton Formation is
mainly a crystalline limestone with thin shale
partings. In this area, the Sedalia starts to
cutcrop. The upper part of the Compton shows
this influence through the occurrance of
gypsum nodules. The underlying QOrdoevician
Cotter Formation shows the typical light-brown
to gray, silty dolomite with interbedded brown
to gray sandstone.

Pomme de Terre River. Cotter outcrops on both
sides of the road from here to Belicar.

Cross Piper Creek.
Entering Belivar.

Turn vright on east Division Street (school on
northwest corner).

4-way stop, proceed with caution.

Stop sign at corner of Albany Street. Proceed
west on Division Street with caution.

Stop sign at Main Street, turn right and pro-
ceed to the north.

Turn left.

LUMCH STOP. Turn right intoc Dunnegan City Park
and follow the road arocund to the lunch site.
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All outcrops in the park are Cotter sandstone.
Af ter lunch continue around and return to the
entrance to the park.

62.23 1.05
Park entrance, turn right and proceed west on
highway 83.
62.35 0.3
Turn left onto county road.
63.1 0.55
Pavement ends, proceed on dirt road.
64.15 1.05
Cross Bolivar Fault.
64.65 0.5

Junction of county road with highway 13. The
hill directly west is Mississippian sediments.
We are on Cotter Doiomite, and a complete
sequence of Cotter, Compton, Northview,
Pierson, and Burlington can be found up this
hill. Turn right onto highway 13 and proceed
north.
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Figure 7. Geologic Map of the west end of the Belivar Fault, from
geclogic mapping for the CUSMAP project (Thomson, 1982).

65.35 0.7
STOP 4. BOLIVAR FAULT (Figure 7). At this
point the Bolivar Fault strikes to the
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75.8

76.3

78.2

0.25

0.30

northwest across the vroad. It follows the
valley to the scuth-east toward Bolivar. On
the north side of the fault, Northview has
been uplifted into contact with the Cotter
Dolomite on the south.

Burlington outcrops on east side of highway.

Turn right onto dirt road and turn around.
Park and walk around the corner onto highway
13 and stop at the sandstone cutcrop.

STQP 5. CHANNEL SANDSTONE. Pennsylvanian
channel sandstone can be seen on boeth sides of
the highway. Channel sands are very common in
southwest Missouri. From this point to the
next mile marker, all outcrops are Burlington
Limestone.

Return to cars, turn left on highway 13 and
proceed south to junction of highway 32 and
highway 13, continue to the socuth. Cotter
Formation outcrops can be seen along the high-
way for the next 3.6 miles,

Line of hills to the right is a3 Mississippian
erosional remnant. To the socutheast, another
remnant can be seen.

Junction of highway 83 and 13, continue south
on highway 13. The ocutcrops for the next 4.6
miles will all be Cotter.

STOP 6. FAIR PLAY FAULT (Figure 8). . The
Fair Play Fault strikes northwesterly through
the road at this point. The beds have been
folded slong the fault and dip strongly to the
south. Thise fault can be traced for about 2
1/2 miles to the east and continues from here
to Fair Play and then to the north of Fair
Play for about 6 miles.

Junction of highway 13 and KK. The outcrops
here are Burlington. The light gray, crystal-
line limestone contains from 25 to 30 percent
chert.

MISSISSIPPIAN CONTACT RELATIONSHIPS. Aleng the

road, the contacts between the Burlington,
Pierson and Northview can bhe seen.
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8. Geologic Map of the east end of the Fair Play Fault,

taken from mapping for the CUSMAP project (Thomson, 1982).

8l.1

81.85

82.0
82.6
83.0

83.45

2.9

Mississippian section here shows transition
beds. Note the calcite ncecdules in the Pierson
Dolomite.

MISSISSIPPIAN CONTACT RELATIONSHIPS. Here the
lower part of the Mississippian can be seen.
The Cotter, Compton, and Northview contacts
can be observed,

Cross North Dry Sac River.

Entering Greene County.

Northview ocutcrops on the right.

MEMBERS OF THE PIERSON FORMATION. GQutcrops
showing both the Upper and Lower Pierson Form-
ation members can be seen and identified here,
but not to the north. The lower member is

mainly dolomite, whereas the upper member is
characteristically a crystalline limestone.
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The lower member iz underlain by the Northview
Shale. As you proceed to the south, the Elsey
Formation overlies the Pierson. The Elsey
loses its identity in Polk County.

~ o ',/\ / AN
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TN AR T T SR AN ,
Figure 9, Geologic Map of a part of the Graydon Springs Fault
Zone, taken from mapping for the CUSMAP project (Thomson, 13982).

83.9 0.45 STOP 7. GRAYDON SPRINGS FAULT ZONE (Figure
2. At this point we can see the Elsey Form-
ation in fault contact with the Northview
Shale. Further to the socuth we can see a sec-
ond fault which has displaced the Cotter up-
ward so that it is at the same elevation as
the Northview te the North.

83.95 0.05
Junction of highway CC-BB and highway 13, pro-
ceed socuth on 13.

84.35 0.4
STOP 8. ANGULAR UNCONFORMITY. At this point,
the Compton overlies the Cotter wth an angular
unconformity. In addition, there are several
sandstones included in the Cotter that show
cross—-cutting relationships.

84.7 20.35

Northview cutcrops on both east and west sides
of the road.
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Greene County Landfill, This 1landfill is
sited on the Northview Formation wich is very
impermeable and provides an ideal location for
a landfill.

Burlington outcrops. All outcrops from here
to Glidewell are Burlington.

Move to the left lane and prepare to turn.
Turn left on highway O.
Turn right on Farm Road 141 and proceed scuth.

Entering Glidewell, turn left on Farm Road 76
and proceed to the east.

Junction with Farm Road 145, turn right.

Bridge over McDaniel Lake. This lake was
built as an effort of the city of Springfield
to provide drinking water for its citizens.

Turn right on Farm Road 151 and proceed to the
south.

Glidewell Chapel, continue to the south to the
intersection of Farm Roads 1351 and 84.

Turn left on farm road 84 and then immediately
turn right and proceed to the south.

STOP 9. PLEISTOCENE STRATIGRAPHY AND KARST
FEATURES. This area contains many karst feat-
ures such as natural tunnels, arches, and
caves. Also a pinnacled limestone waterfall
system and a cut-off meander lcop can be ceen.
Quaternary sediment covers the floor. This
sediment is discussed by Castillon in the
paper 1in this guidebook on the Geomorphology
and Quaternary Stratigraphy of the Dry Sac
Lost Hill Area.

Cross Little Sac River, observe the cutters
and pinnacles in the dry stream valley.

The field trip basically ends a3t this point,

To return to the headquarters, continue south
on this road to the intersection with Kearney
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Street in Springfield. This is about 2.55 mi.
Turn left on Kearney and proceed to the east
for about 2.05 miles to the intersection with
Glenstone. The headquarters is to the left,
about 1.5 miles to the Drury Inn.

Lo Mﬁic'/;f{]k;

=t

Figure 10. Geoclogic map of the Lost Hill area, taken from mapping
for the CUSMAP project (Thomson, 1982).
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STRATIGRAPHY OF THE BOLIVAR-MANSFIELD FAULT ZONE
By Kenneth C. Thomson
Southwest Missouri State University

Rock wunits ranging in age from Ordovician to Pennsylvanian
outcrop along the Bolivar-Mansfield Fault Zone. These units of
limestone, dolomite, sandstone, siltstone and shale aggregate up
to 1500 feet of sediment exposed in the area.

PENNSYLUANIAN SYSTEM - DESMOINESIAN SERIES
CHANNEL SANDSTONE

Pennsylvanian Channel Sandstone consists of sandstone, congl-
omeratic sandstone, and conglomerates. The conglomerate is made
up of angular to subrounded pebble to boulder-size particles
composed of chert derived from Ordovician to Mississippian sedi-
ments along with some quartz fragments. The particles in the
conglomerate are separated by a sandstone matrix which is held
together by a siliceous to ferrugenous cement. The color of the

sediment ranges from light brown to red to dark brown. The fine
to coarse—grained sandstone ranges from thin-bedded to massive,
friable to quartzose, and is red, brown, 1light brown or white.

It, like the conglomerate, is held together with ferrugencus <to
siliceous cement.

The channel sandstone occurs in most areas as a resistant cap
rock occupying ridge tops and mounds. It also appears as valley
fillings in ancient stream channels apparently cut into the Miss-
issippian limestones. It is always found in erosional contact
with these formations,

The channel sand can be found only in one place on the field
trip, northwest of Bolivar. However, it can be found capping some
of the erosional remnants of the Springfield Plateau such as Fair
Grove Mound and the mounds just south and southwest of Bolivar.
To the west of the study area it is quite abundant and actusally
covers very large areas in the Bona, Everton, Greenfield, and
Bearcreek Quadrangles. West of Belivar, in the town of Fair Play,
an excellent exposure of the conglomerate can be found making up
the hill on which the city water tower is built.

Because of the nature of the channel sandstone, the thickness
is quite variable. It has been found in some areas up ta 60 feet
thick.

MISSISSIPPIAN SYSTEM - OSAGEAN SERIES
BURLINGTON-KEOKUK LIMESTONE

At the type localities,; the Burlington and the Keckuk are
separate units. Within the study area, the 1lithologies are so
similar that they are treated as ane unit.



The uppermost part of the Burlington-Keokuk Limestone is a
light gray, finely crystalline, crinoidal, cherty limestone. The
chert occurs as flat elliptical masses from 6 to 9 inches thick.
The 1limestone beds range from 2 to 8 feet thick and are generally
separated by chert beds. This uppermcst part is generally found
in the western part of the area.

The lower part of the unit is a light gray to white, coarse
to medium crystalline crinoidal limestone. The upper twe thirds
of the unit is mainly 3 pure gray to white, coarsely crystalline,
highly crinoidal, medium to very thick-bedded limestone with
common stylolites, Chert occurs in elliptical white nodules,
usually not more than 6 to 8 inches thick arranged in nonconti-
nuous layers. The lower third of the unit is composed of alter-
nating beds of brown and gray, fine-~ to coarse—grained, crinocidal
limestones and numerous brown dolomite beds. The limestone is
somewhat silty and locally siltstone beds occur at the base of the
formation. In some areas the limestones can become dolemitized to
a dark brown saccarocidal dolomite.

To the north, in the vicinity of Beliwvar and Huron, the lower
part of the Burlington—-Keckuk becomes quite brown in color, but is
still quite coarsely crystalline. Based on identification of
crinoids in this brown unit, James Miller, BSMSU, (personal
communication) identifies this lower section as equivalent to the
upper Pierson found further to the south. In this area however,
the unit has been mapped as Burlington based on its lithology.

Weathering of the limestone produces a light gray to tan—gray
to gray rock outcrop which shows pitting and rough fossiliferaus
texture. This texture makes the weathered outcrops excellent for
fossil hunting. Some very nice crincid heads and brachicpods have
been collected from weathered Burlington-Keokuk outcrops. The
chert that can be found in weathered residuum is white to gray on
the interior, but weathered surfaces are reddish-brown to brown or
red. Fossils in the chert are very common. The residuum is
characteristically red in color with the contained red stained
chert fragments.

The Burlington-Keckuk Formation is very susceptable to solu-
tion and a karst topography has been superimposed on it in many
areas in this part of the state, Greene County has over 250
caves, most of which are in the Burlington-Keokuk. Sinkholes are
prevalent in many parts of the study area.

Since this is the uppermost of the Mississippian rock units,
and the contact between it and the Pennsylvanian is unconformable,
a3 complete section is not available aleng the Bolivar-Mansfield
Fault Zone. There are areas however in which as much 3s 200 feet
of Burlington—-Keokuk can be found.

The contact between the Burlington and the underlying Elsey

is generally conformable. In some places the Elsey actually
grades into the Burlington-Keckuk and the contact becomes diffi-
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cult to identify. To the north, the Burlington overlies the
Pierson Formation and the contact relations seem te be conform-—
able.

ELSEY FORMATION

The Elsey Formation is a dense, light gray limestone contain-
ing 25 to S0 percent chert. The limestone is finely crystalline
to micritic and tends to break with a conchoidal fracture. Fos-
sils are sparse, but some crinoids have been found in the weather-
ed finely crystalline limestone in the lower part of the forma-
tion. The chert occurs in nodules or lenses and some beds may be
6 1inches to 1 foot thick. The chert is white to gray and has
irregular brown mottling with some brown spots from 1/16 inch to
1/4 inch in diameter. In some localities the chert contains small
white calcite crystals. The chert is easily shattered and breaks
into many small very angular pieces.

The formation weathers easily leaving large areas of residuum
with much chert present. Outcrops of the formation are generally
quite vrare because of the ease at which the formation weathers.
Characteristically, hillsides developed from weathering of this
formation have 3 snowy appearance from 3ll the chert scattered
about the surface. It is relatively easy to recognize areas of
Elsey formation because of this chert-strewn surfsace.

The formation ranges from less than 20 to about S0 feet thick
in the area. The lithology changes as you go north and at the
Greene County—Polk County line the change is such that the Elsey
loses its identity. It may exist in Polk County, but the lime-—
stone becomes so much more crystalline and the amount of chert
decreases to where it is nearly impossible to recognize the loca-
tion of the unit in the field. In fact, in the Huron area, there
is no part of the section that bears any resemblance to the Elsey.
In the Polk County area, the Elsey was not mapped and was consid-
ered to be missing.

The formation is conformable with both the ocverlying Burling-
ton—-Keokuk and the underlying Pierson Formation.

FPIERSON FORMATION

The Pierson Formation is made up of one to three units in the

study ares. In the Webster County area, three units can be
observed. The lower part 1s generally a dolomite to dolomitic
limestone. It is 1light brown to tan, fine grained to finely
crystalline and is at times very silty. It appears in many places

to grade into the underlying Northview siltstones., Gray to white
calcite crystals are often present and serve to distinguish this
lower unit.

The middle wunit is cherty and wvaries from dolomite to

slightly dolomitic limestone. Most of the beds are slightly
dolomitic limestone. This unit is g9ray and sub-micritic to fine-
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grained in texture. It weathers to a smooth gray subrounded
surface. The chert wvaries in coler from white to gray and
weathers tan to brown, sometimes tripolitic. Much of the chert
has gray mottling similar to the Elsey, but can be distinguished
by the hackly to conchoidal fracture and tripoclitic coating. This
middle unit 1is medium bedded and characteristically blocky in
nature. There are 3lso some crystals of well formed calcite
present which tends to be characteristic,

The upper Pierson wunit is composed of 1light, tan-gray to
light gray limestone which is commonly fine grained. Chert is
generally scarce in this unit which is thin to medium bedded and
weathers to thin undulating slabs. Crinoid stems are common and
stand out on weathered surfaces. Large brachiopods are present
and serve to help distinguish the upper Pierson from outcrops of
the Compton Formation.

All three of the above described units can be found in Webs-
ter County. Lateral variations leave only two wunits in Greene
County. At the type section near Pearson Creek only the lower and
middle units can be seen. Also on highway 13 near the Greene/Polk
County line, only two units can be seen and recognized. As we
continue into Polk County, it becomes difficult if not impossible
to recognize the upper unit and distinguish it from the Burlington
in the area. In Polk County, only the lower, dolomite unit can be
easily recognized. The lower part of the Burlingten in northern
Polk County is probably the middle member of the Pierson. This
interpretation is based on evidence from analysis of crinoids
taken from Pierson-Burlington outcrops between Bolivar and Huron
(James F. Miller, SMSU, personal communication).

Weathering of the formation produces some chert in the resid-
uum. The outcrops weather so that in many cases the fossils
contained in the limestone will stand ocut in relief in the same
way that fossils in the Burlington do. This makes fossil collect-
ing easy.

The thickness of the Pierson is quite variable. In bkebster
County it ranges from 20 to 40 feet thick, in Greene County at the
type section, it is 40 feet thick, in northern Greene County it is
35 feet thick and in northern Polk County, the only recognized
unit iz 10 to 20 feet thick.

The Pierson Formation is conformable with both the overlying
Elsey Formation and the underlying Northview Formation.

NORTHVIEW FORMATION

The Northview is one o¢f the most conspicuous formations in
the whole area. On hillslopes, the characteristic brown to blue-
green shale shows up because vegetation has a difficult time
growing on the cshale. The Narthview has been one of the best
indicators for finding the location of faults because it is easily
recognized.

-32-



The Northview Formation is composed to two lithelogies, =
light brown or tan siltstone and a brown to gray—green shale. In
the Webster County area, the formation can be divided into tweo
units. The upper unit tends to have more siltstone than shale,
and the lower unit has more shale than siltstone.

The shale of the Northview is characteristically olive green
to bluish-gray to yellow, but weathere to an olive green. The
shale is massive to flaky and varies in hardness from very soft to
relatively hard. In some areas the shale becomes calcarecus and
lenses and nodules of this calcareous shale can be found anywhere
in the formation.

The siltstone of the Northview is characteristically gray to
light brown. It is similar to the shale in fresh exposures, but
upon weathering it turns toc a yellowish—-tan to brown. It is
composed mainly of sub-rounded quartz grains, cemented with cal-
cium carbonate and ferrugenous material. The beds tend to be
massive to medium—-bedded, and weather to blocks 6 to 12 inches
thick. One of the main characteristics of the formatien ics the
worm burrows. These make the rock look perforated and give it a
certain amount of character that makes the blocks useful as facing
stone for houses in the Springfield area.

The thickness of the Northview is extremely wvariable. It
ranges from S5 to 10 feet thick in the southern part of Webster
County to 63 feet thick at the type section near Northview to as
much as 80 feet thick in northern Greene County. The maximum
thickness for the formation in the study area is 80 to 90 feet.

The Northview weathers forming hillslopes which may be capped
with the siltstone member. This may be seen in many of the
erosional remnants in Dallas, Greene and Polk Counties.

This formation grades upward into the Pierson Formation and
conformably overlies the Compton Formation.

COMPTON FORMATION

The Compton Formation is mainly a light to dark-greenish to
bluish—-gray, finely crystalline to sublithographic, finely crin-
cidal limestone which becomes dolomitic in some areas.

The most common litholagy for the Compton is the tan to gray,
finely crincidal crystalline limestone. In some areas this unit
can be divided inte three units. The lower and upper portions
consist of gray te bluish—giray, hard, finely crinoidal te micritic
limestone with 3 slabby, irregqular bedding which is thin to medium
bedded. This limestone has green shale partings which serve to
distinguish this limestone from other formations in the area.
There is a middle unit which is more shaly and is predominantly
brown, hard, finely crinoidal to sub-micritic in texture. In some
areas it appears to be slightly silty.
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The dolomite phase of the formation is fine-grained, yellow-
tan in color, and massively bedded. It is quite similar to other
dolomites in the area and the best way to identify it as Compton
ie through its relationships with other local limestones and
dolomi tes,

There 1is very little chert in the Compton, and where it
exists, it is found in the lower beds where it occurs as blue,
chalcedonic nodules that are slightly rounded and disc shaped.
The chert is quite similar to that found in the Cotter Formation.

The thickness of the Compton is probably the most consistent
of all the formations in the area of study. It ranges from 0 to
28 feet with the average being about 20 feet.

The Compton Formation 1is conformable with the overlying
Northview and the underlying Bachelor where it occurs. In Polk
County, Dallas County, and northern Greene County the Compton
directly overlies the Cotter Dolomite and thus in these areas the
contact is unconformable.

BACHELOR FORMATION

The Bachelor Formation is a very thin, but persistent bed
which can be found in Webster and Greene Counties, but was not
observed 1in Dallas and Polk Counties., It 1is basically a shaly
sandstone to conglomeratic sandstone with some shale. The sand-
stone is composed of quartz grains which are poorly sorted, medium
to coarse—-grained, and anqular to subrounded. Some glauconite is
present in minor amounts. The fragment portion of the conglom-
eratic sandstone is fairly small ranging up to 4 inches in diam-
eter as a maximum size. The shale, where it occurs, 1is green,
platy, brittle, and friable.

The Bachelor Formation is from 4 to 8 inches thick with an
average of 4 inches throughout the two counties,.

The formation is conformably overlasin by the Compton Forma-
tion and unconformably overlies the Cotter Dolomite.

ORDQVICIAN SYSTEM - CANADIAN SERIES
JEFFERSON CITY - COTTER FORMATIONS

Al though the Jefferson City and Cotter Formations are consid-
ered to be two different rock units, it is very difficult to map
them without some extra help in the form of well log data Agained
through analysis of insoluble residues. In the study area, the
unitse were separated, but because of their similarity, the litho-
logy is discussed here together.

These formations consist mainly of cherty dolomite with some
included sandstone and shale layers which tend to be both lenti-
cular and persistent throughout the area. Most of the formation
is a blue-gray to tan, fine to coarsely crystalline dolomite which
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is tough and resistant, The beds vary from the usual massive
appearance to 2 to 4 inches thick. The unit generally weathers to
a very characteristic dark gray, pitted surface. Some portions of
the formation has been regarded as "cotton rock", a slabby, gray-
white to tan, very fine grained dolomite. All parts of the forma-
tion vary laterally and in most cases no definite mappable zones
could be recognized.

The chert in the formation is easily distinguished from the
chert in the Mississippian. Three wvarieties can be observed, 3
chalcedonic blue to gray chert, commonly with a3 white center, an
colitic chert which is generally white to gray and contains white
and brown ocolites some of which can be silicious, and the third, s
banded chert which is commonly found as vug fillings.

Several sandstone units are interlayered with the doclomite
and chert, The sandstone is medium to fine-grained, ferrugenous
to silicious and up to 20 feet thick. The sand grains are angular
to rounded quartz.

Several distinctive thin shale beds can alsc be seen in the
formation. These are generally less than 4 inches thick. The
shale is bluish-qray, thin bedded, slightly sandy and non-calcar-
eous. It often has alternating bands of light gray and gray-—green
clay.

The Jefferson City - Cotter Formation is from 350 to as much
as 450 feet thick. It is conformable with the underlying Roubi-
doux Formation,

ROUBIDOUX FORMATION

The Roubidoux Formation is exposed east of Fair Grove and
east of Buffale. Throughout most of the area of study, it is
conceiled beneath the Jefferson City - Cotter Formation and does
not ocutcrop.

In the exposures in Greene County, it concsiste mainly of a
fine to medium—-grained quartz sandstone which has characterist-~
ically subrounded and frosted grains. The sand is white to light
gray or brown, but because of the ferrugenocus cement, the unit
varies 1in color from white to brown. In the subsurface, the
Roubidoux contains a considerable amount of dolomite which is
fine-grained, medium to thin-bedded and is light gray to brown on
fresh exposures and weathers to a dirty gray or brown.

In water well logs, the thickness of the Roubidoux in this
area ranges from 120 feet to as much as 180 feet thick.
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QUATERNARY GEOMORPHOLOGY OF SOUTHWEST MISSOURI
By David A. Castillon
Scuthwest Migsouri State University

The Quaternary geomorphology of southwest Missouri will be
divided into two sections. The surface residuum and soils section
will examine the unconsolidated material in which the <cil was
formed and the existing soil 1layer. The second section will
examine the hillslope processes that have been actively altering
the landscape throughout the Quaternary.

Surface Residuum and Scils

The physical and chemical weathering processes of geomorph-
clogy have been altering the surface and subsurface lithologic
unite of southwest Missouri throughout the Mesozocic and Cenozoic.
These weathering activities have dissolved and removed rock by
solution, and have altered the mineralogy of the materials not
removed to form a thick layer of residuum on the gentle slopes and
a thin layer on the steeper slopes. The original rock units have
broken down into sands, silts and secondary clays. The fine
materials form a matrix around the more resistant rocks and min-
erals particularly chert, and give the residuum increased ston-
iness with depth. On the steep slopes (greater than 15%) erosion
by running water has removed much of the residuum and deposited it
along the base of the hills as a colluvial apron. This remcval of
material from the steeper slopes has thinned the residuum on the
hillslopes to such an extent that bedrock outcrops are common 3and
residuum is very thin and rocky. The transported residuum from
the steeper hillslopes has formed gently <sloping colluvial
terraces in the valleys., These terraces have been erocded and re-
worked in places by the stream flowing in the valley.

The deeply weathered residual layer derived from the rock
units has been covered by loess at least once during the Pleisto-
cene. Loess is an eolian silt depositional unit. A study of the
depositional fill in a sink near Lebanon, Missouri approximately
70 km (43.4 mi.) northeast of Springfield Missouri identifies two
loess units. The Loveland loess deposited during the early Illin-
sian 1is a buried unit, and a Wisconsinan loess is the top surface
material of the sink (Rath, 1975S). Southwest Missouri was par-
tially covered with loess during the Wisconsinan. The present day
surface of Greene County has many upland locations with more than
30 om (12 in.) of loess. Loess 1is a8 wind blown depositional
material that does not respect topography. Its depositional mode
is maximized on the wupwind side of topographic obstacles where
wind velocity is reduced and on the downwind side of topographic
ocbstacles in low areas. Therefore the hilltop depesits of loess
represent a minimum total for material depocsited in southwest
Missouri., Much of the silt deposited has since been erocded and
redeposited and has been referred to in this paper as reworked
loess. Reworked loess deposits in the valleys of Greene County
cccur to depths of as much as 3 meters (92.84 ft.).



The soils are 3 product of the parent material altered by
weathering processes through time. The topographic position of
the original material and climate each exert their influence on
the so0il layer. Some soils are formed in the old weathered res-
iduum of the rock units and other soils are formed in the loess or
reworked 1loess deposited during the Pleistocene. Soil layers
which formed in the residuum and were later covered by loess are
referred to as buried soils. Other buried socil layers occur below
colluvial or alluvial deposits where ercosional material from
upslope have buried a soil at the foot of a hill.

The development of a true soil layer in unconsclidated mater-—
ial requires time. According to Benn and Bettis (1981) the devel-
opment of the A and B horizon of a soil on intermediate level
terrace deposited materials in lowa required 3000 to 4000 years of
time. They found in examining 22 soil proefiles that the average A
horizon depth on these terraces was 59 com (23 in.) and B horizon
depths averaged 100 cm (39 1in.) in these same profiles. On the
high terraces of the Des Moines River, which are dated at 8000
years, the average A horizon thickness was 71 cm (28 in.) and B
horizons average 141 com (56 1in.). Because of the time required
for soil development periods of relative environmental stability
can be associated with the development of 3 soil layer. Buried
s0il layers if datable can provide data for calculating rates of
change during periods of instability.

The rates of change as primary minerals alter toc seconary
clays in the soil formation process may be the key to archeol-
ocgical chronology, especially in areas like the Ozarks which are
lacking 1in datable organic materials. Understanding the residual
and soil layer is one of the most important, if not the most
important, research consideration of archeological geomorpholog-
ists.

Hillslope Procescses

The geology, including the lithology, structure and karst
development provided the 1initial pre-Quaternary landform situ-
ation. The weathering of the 1lithologic units has formed the
residual layer. The exogenic geomorphologic processes have erod-
ed, transported, and redeposited the weathered material in an
attempt to establish an equilibrium condition on the surface.

Prior to the Quaternary the landscape of scuthwest Missouri
had reached a quasi-equilibrium condition. Hillslopes were adjust-
ed to a humid mesothermal climatic condition. Karst development
had established a surface and subsurface drainage system not
unlike present day conditions. The beginnings of climatic fluctu-
ations, which saw the change to the colder humid microthermal
conditions with possible periods of cold and dry preceding each
ice maximum, upset the equilibrium. Sea level was lower on a
world wide scale during the glacial maximums which lowered local
base levels and renewed downcutting in valleys and their tribut-
aries. The colder dry periods added layers of loess te the land-
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scape. The loess was unconsolidated and unanchored by vegetation,
It was a stratigraphic unit not in equilibrium and therefore ready
for transportation by running water when the climate became wet-
ter. Loess on the hillslopes was transported to the valleys
forming thick layers of reworked loess at the base of the hill-
slopes from which it was eroded. Many deposits in the valleys of
southwest Missouri are anonymously called floodplain alluvium when
in fact they are colluvial hillslope deposits. This is not to
deny the existence of alluvial fill in the valleys, but rather to
establish an equal place in the Quaternary formations for both
reworked loess and colluvial hillslope deposits. During the
Pleistocene as much as 30 cm (12 in.) of loess covered the area.
Many hilltops and ridge tops still contain a layer of loess but
most of the backslopes of hillsides contain little or no loess.
This absence of loess on the backslopes is evidence that the locess
was transported by runoff and deposited in the valleys along with
the originally deposi ted wind derived layer. Figure 1,
illustrates the hillslope processes postulated for the alteration
of the landscape in southwest Misscouri prior to, during and after
the Pleistocene. The Quaternary stratigraphy of the wvalleys of
Southwest Missouri is very complex. Most valleys contain multiple
deposits of both alluvial and colluvial sediments. The Model of
Hillslope Processes (Figqure 1) illustrates the stratigraphic
units commonly found in the valleys of the major streams.

Datable buried carbon and artifacts from the Pomme de Terre
terraces provide a depositional record from which rates of depos-
ition can be calculated. Rodgers Shelter has a Cl14 date of 10,200
years +330 for carbon buried 914 cm (30 ft.) below the surface
(McMillan, 15376). This gives a rate of deposition of 0.09 cm/yr
(0.035 1ins/yr). Rates of deposition for the 1last 8000 years at
Rodgers Shelter terrace T-1b average 0.05 cm/yr (0.02 in/yr).
This data suggests a period of rapid aggradation between 10,000
and 8,000 YBP. The longest datable record from the Pomme de Terre
terraces comes from the Boney Springs Bog. Table 1 shows the
stratigraphy, chronoclogy and depositional rates for Boney Springs
(Saunders, 1977). Average rates of deposition for the past 40,000

Table 1. Stratigraphic Record at Boney Springs.

Thickness Geomorphics Rates

Dates YBP in meters Terrace Interpretation om/yr in/yr Vegetation
Present to 4,200 1.3 T-1a Stability 03 .012 0ak Hickory
4,200 to 9,000 3.3 Aqgradation 07 .03  Transition/Spruce
13,000 to 16,500 1.0 Stability .04 015 Deciduous Pine
20,000 to 23,000 2.7 Aggradation .09  ,035 Spruce Forest
23,000 to 26,000 8.7 Stability .02 .01  Transition
26,000 to 28,000 1.75 7-2 Aggradation .08 .03  Pine Parkland

years calculated from a few dates at Kock, Jones, and Trolinger
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Springs on the Pomme de Terre terraces are 0.01 oms’yr (0.005
in/yr) (McMillan, 1976).

A series of low terraces on the Pomme de Terre river defined
by Brakenridge (198l1l) redefines the terraces of McMillan (1976},
Haynes (1976) and Saunders (1977). The T-1 and T-0 terraces of
the Pomme de Terre are subdivided into seven units. Table 2 gives
the chronoclogy of these deposits.

Table 2. Terrace levels of the Pomme de Terre River (after Braken
ridge, 1981).

Terrace Date YBP Characteristics

Tia 38,000 4-6.5 m above river

Tibl 8,100 erosional event and buried
socil.

Tib2 7490-5200

T1ib3 4585-3610

Tib4 2360-1680

T0a 840-430 2.9-3 m above river erccs-

ional event.
T0b 330-190

The Montgomery Site in the terraces of the Sac River north of
Stockton Lake has yielded Dalton points buried to a depth of 440
em (173 in.)(Collins, 1877). These points appear toe be erading
from a buried terrace level correlatable with the Tla level of
Brakenridge (1981). If the Dalton period is dated at 2,300 YBP
the calculation for rate of deposition gives 0.0486 cm/vr (0.019
in/yr).

Rates of Quaternary deposition in Greene County are calcu-
lated from the archeological record of ten buried sites. Table 3
gives the information upon which the rates are based.

Table 3. Datable buried Archeclogical sites in Greene County,
Missouri.

Archeological Age Range Depth Artifact Rates Geomorphic
Site No. YBP . o/yr in/yr interpretation
236R303 750 20 C14 Date .08 032 Allyvial
23GR314 1325 76 C14 Date .06 .023 Alluvial
236R00S 3000-5000 85-89 Point 02-.03  .007-.012 Alluvial
23GR049 3000-5000 S0 Debris L01-.02  ,004-.007 Alluvial
236R110 3000-7000 40 Points .006-.01  ,002-.005 Colluvial
236R215 3000-5000 49-50 Points ,01-.02  .004-.087 Alluvial
236R216 3000-5000 40 Points .008-.01  ,003-,005 Alluvial

3000-3000 140 Peints 03-.05 .01-.02 Alluvial
1000-3000 38 Psints 013-.04  .015-.005 Colluvial
236R223 3000-5000 60 Peints 012-.02  .005-.008 Colluvial
236R267 3000-5000 90-110  Points 02-.04  .008-.014 Colluvial
236R283 3000-5000 45 Peints .009-.015 .004-.006 Colluvial
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Alluvial and colluvial rates are comparable and indicate that
the average depositional rates in Greene County for the last S000
years range from 0.01 to 0.03 cm/yr (0.005 to 0.01 in/yr). As
mentioned earlier it‘s difficult to separate the colluvial from
the alluvial processes in this area. Most of the buried archecl-
ogical evidence is found under what is described as silty allu-
vium, A more accurate description would read reworked loess.
Most of the reworked loess deposits are probably colluvial from
the hillslope rather than alluvial from the overbank deposits of
the river,

The above discussion although primarily concerned with rates
of deposition, clearly establishes the chronology of the valley
deposits as very recent in geologic time. Both Cl4 and archeo-
logical dating techniques suggest the fact that our present valley
landformsare MWisconsinan or younger in age and these landforms
are deposited on a much older pre—-Quaternary bedrock surface.
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GEOMORPHOLOGY AND QUATERNARY STRATIGRAPHY
OF THE DRY SAC LOST HILL AREA,

GREENE COUNTY, MISSOURI.

By David A. Castillon

Southwest Missouri State University

The Dry Sac Lost Hill Area contains an entrenced meander loop
with cutoff, a lost hill, a group of natural arches, tunnels, and
caves, a pinnacled limestone waterfall system and the quaternary
sediment that covers the bedrock valley floor. A topographic map
from the Ebenezer 7 1/2 minute quadrangle of the area (figure 1)
illustrates the overall karst nature of the site. Sinks surround
the cutoff meander loop. Water entering the subsurface system is
emitted from the many springs to the west and south of the area.
The largest spring in the immediate vicinity of the Lost Hill Area
is Fulbright Spring which emits approximately 2,160,000 gallons of
water per day (Vineyard and Feder, 1974) and is the source of some
of Springfield’s drinking water.

The purpose of this report is to discuss the Quaternary geo-—
morphology of the Lost Hill Area. The Karst geomorphology is very
spectacular and cannot be ignored. Bewveridge (1978) in his geol-
ogic MWonders and Curiosities describes the Dry Sac Lost Hill Area
as follows:

Entrenched Meander Loop with Cutoff

As shown on figure 140, Dry Sac formerly flowed north of its present route
in a loop and shortened itself as it cut through the rock neck of this loop
leaving behind an exceptionally impressive abandoned valley. This cutoff
shortened the stream by approximately a mile and furnished some fertile
bottomland which is most impressive on the north end of the abandoned loop.
The lost hill in the center is more than 80 feet high in its southern half.

Natural Arches

At the south end of the lost hill, a natural arch, 6 to 7 feet hich with a
20-foot ceiling and a span of approximately 5 feet, flanks the stream
channel. One pier was surrounded by water at the time it was visited.
Behind it and extending southwest is a3 natural tunnel about 15 feet long
with a minimm diameter of approximately 2.5 feet which would be 2 magnet
for crawling-bent children, especially those dressed in Sunday best.
Farther back from the arch is a double cave containing a satellite shallow
cavern in the floor of the entrance and small portals which admit light on
the east side. Several other shallow caves are obvious in this same bluff,
one of which has had extensive stonework in the past and suggests a cliff-
top home of years age.

On the south side of the stream where it cuts through the rock neck, 3
natural arch, 8 feet high, 8 feet wide, and with a ceiling 1 foot thick is
near the upper part of the bluff. The arch, 4 to 5 feet wide, is flanked by
joints trending N.60 E. Below the arch and a few feet to the southwest is a
small cave with an entrance sbout 4 feet in diameter which curves to trend
approximately the same direction as the joints forming the edge of the
natural arch.



The profusion of caves, arches, fissures, and other solution features
supports a surmise that Dry Sac may have originally penetrated the rock neck
through a cave system. Prior to penetrating this neck thousands of years
ago, it made the great loop around the east, north, and west sides of the
lost hill. Breaching of the loop neck resulted in a shortening of 1 mile.

Pinnacles
(NE1/4 NE1/4 SE1/4 SE1/4 Sec.36)

A few yards downstream from the blacktop road (a north extension of Grant
fwenue) which crosses South Dry Sac upstream from the cutoff, pinnacled and
fissured limestone in the stream bed forms a waterfall system with a total
drop of about 5 feet., The fissures follow fractures (joints) trending N.50
E., and varying from 3 to 6 feet wide with a depth as great as 5 feet. The
trend of these joints is closely parallel to that of fractures associated
with the arch on the south bluff of the cuteff, suggesting a general
northeast trend for the predominant fracture system of the inmediate area.

All of these features are formed in the Burlington Limestone and would
appeal to the photographer, picnicker, wader, climber, geologist, and an age
group spanning many decades.

The descriptions of the karst features of the area cannct he
improved upon by this author. However, an extension of the de-
scription of the Lost Hill Area including the Quaternary Geomorph-
oclogy of the valley follows. This extension of the description of
the Lost Hill Area involves an examination of the Quaternary sedi-
ments in the Dry Sac Valley. Included in the discussion is the
description of & procedure for classifying unconsclidated sedi-
ments as rock stratigraphic units.

Illinois for many years has used laboratory analysie to
characterize certain physical and compositional properties of un-—
consoclidated sediments and to correlate these sediments strati-
graphically. The laboratory analysis provides numeric data that
can be used to describe rock stratigraphic units. Rock strati-
graphic units with similar diagnostic characteristics can be
correlated geographically and chronocloqgically.

The laboratory data used to characterize sediments include
color, particle size and clay mineralogy. Color is determined by
Munsell soil color charts using moist samples. Color is not a
good diagnostic characteristic but is used as a property to sup~
port correlation when particle size and clay mineralogy suggest
positive correlation.

Particle size analysis inveolves separation of an unconsolid-
ated sediment sample into four categories: gravel, sand, silt and
clay. Gravel is defined as those grains greater than 2.00 mm in
size. Sand includes all particles from 2.00 mm to 0.062 mm in
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diameter. Silt has a particle size between 0.062 mm and 0.004 mm
and clay includes 3ll1 grains less than 0.004 mm in size. The pro-
cedures for separating the sediments into these four size cate-
gories are numerous but the most common are the pipette, hydro-
meter, sieve and/or a combination of these procedures. The parti-
cle <size data in this report was derived from a combination sieve
(to remove gravel), hydrometer (to separate sand, silt, clay)
procedure. The gravel fraction is noted and the particle size is
reported as percent by weight of sand, silt and clay. Many new
electronic particle size analyzers are now on the market and will
with time replace the more time consuming procedures now 1in use,.
The laboratory procedure which provides the most diagnostic
stratigraphic data for unconsolidated sediments is the clay min-
eral determination. A paper which follows this report describes a
procedure for clay mineral determination that is suggested for
rock stratigraphic classification of unconsclidated sediments in
Missouri. A determination of the clay mineral content of an
unconsolidated sediment sample has the potential for stratigraphic
correlation geographically and chronologically. The Illinois and
Iowa Geologic Surveys have been using the clay mineral content
along with color and particle size to separate and classify glac-
ial deposits into rock stratigraphic units for many years. Miss-
ocuri could use the same procedures on its glacial deposite in
northern Missouri. What is suggested here is an extension of this
procedure to include classification of the Quaternary wvalley
deposits of southern Missouri.

A description of two stratigraphic sections (figures 2 and 3)
from the Lost Hill area with some interpretive comments follows.
The laboratory analysis and field work for these descriptions were
performed during the spring of 1984 by Tara R. Reuter, an under-
graduate geomorphology student at Southwest Missouri State Univer-
sity. Table 1 contains the data for two stratigraphic sections
that are 120 feet apart on a cut bank in the Dry Sac River Valley
at Lost Hill.

Both sections are in an undulating terrace of the Dry Sac
River approximately ten feet above the stream. The surface is a
plowed pasture that the SCS defines as a Huntington soil (Huaghes,
1s82). The surface material to a depth of five feet is a clay
loam or loam with some scattered gravel and gravel lenses.

This rock stratigraphic unit is here defined as the Lost Hill
Stratigraphic Unit. It is interpreted as loess and rewcrked loess
with overbank gravels deposited during the period from 3000 to
7000 YBP (years before present). The dating of the unit 1is by
archeological methods. Artifacts of the Archaic Period are scat-
tered throughout this unit. The clays in this unit are the recult
of weathering and soil formation processes. The HSI (Hetero-
geneocus Swelling Index) and VI (Vermiculite Index)(see paper which
follows) indicates that all samples in this unit are deeply -—
weathered. Based on the top three samples of section 2 and top
four samples of section 1 the clay mineralogy of this wunit is
approximately 80-10-10 (80% expandables, 10% illite and 10% kaco-
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Figure 2. Field Description of Cross Section #1 Sac River Valley.

S.E. %,S.E. %,S.W. 4 Ebenezer, Missouri Quadrangle
Location Sec. 36, T. 30 N, R. 22 W

Soil color determined in lab by Munsell soil color charts.

Cross section #1, measured in 0.1 feet. Samples taken every
0.5 feet.
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Figqure 3.

Field Description of Cross Section #2 Sac River Valley.

S.E. 1/4,SEC.1/4,5.W.1/4

Location Sec.

36 T.30N R.22W

EBENEZER, MISSOURI QUADRANGLE

Soil color determined in lab by Munsell soil color charts.
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linite plus chlorite). Calcite averages 20 cps (counts per
second) and dolomite averages 17 cps in this unit.

The Lost Hill unit overlies an older lateral accretion depos-—
it of the river. This rounded gravel unit has a sandy loam matrix
which was not fine enocugh to analyze for clay minerals in section
2. In section 1 however the clay minerals of the matrix gave some
interesting results. Variations in the clay content and texture
indicate a possible former terrace level at an elevation of 1102
feet. An HSI of 25 for sample No. 15 indicates that this sample
is not as weathered as the other samples from this section and
could have been buried by the lateral accretion gravels shortly
af ter deposition. One sample is not enough to draw conclusions
but the anomoly will flag this level for examination in future
sections, The gravel unit will not be named or defined in this
paper.

The emphasis in this paper has been on the procedure for
defining rock stratigraphic units in Quaternary stream deposits.
The Karst geomorphology at this site is more spectacular than the
Quaternary geomorphology but the later is not as well understood.
Many other archeoclogic sites along both the James and Sac Rivers
in this area show remarkable similarity to the findings of this
report. That is Archaic artifacts are buried throughout the top
100 centimeters of silty loam to clayey loam terraces of the major

stream valleys. These loamy deposits which contain scattered
gravel and gravel 1lenses are interpreted as loess or reworked
loess (colluvial) with overbank gravels. Figure 4 illustrates

that many soils in the vicinity of Lost Hill have loess listed as
the parent material from which the soil formed. The locations on
the wuplands that have loess soils supports the conclusion that
valleys contain large amounts of reworked loess. A geomorphic
interpretation of the sediments and their associated clay minerals
indicate that most of what we call flood plains in this area are
not true flood plains but are the product of Quaternary eolian
activity followed by hillslope erosion processes (colluviation)
and soil formation processes.

The clay minerals data used to define the Lost Hill rock
stratigraphic unit in this report may not be the best clay min-
erales data for defining deeply weathered sediment samples. Same
of the other clay fraction minerals which show promise as diag-
nostic wvariables are Illite II (17.6 20}, Kaclinite II (24.9 20)
and big Quartz (26.6 20). Research on these other clay variables
is ongoing. Understanding the geomorphology of the Ozarks is far
from complete but an investigation, understanding and interpreta-
tion of the clay mineralogy of the unconsclidated sediments may
position a few more pieces into the landscape puzzle we call
physiographically the Ozark Plateau.
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Figure 4. Soils Map of the Lost Hill Area.
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RAPID QUANTITATIVE X-RAY DIFFRACTION
ANALYSIS OF CLAY MINERALS IN UNCONSOLIDATED
SEDIMENTS IN MISSOURI

By David A. Castillon

Southwest Missouri State University

Abstract

The procedure for rapid quantitative X-ray diffraction analysis of clay minerals
in unconsolidated sediments in Missouri is described. The technique is modeled af ter
that used by H. D. Glass of the Illinois State Geological Survey. The use of this
method in Missouri is here proposed and would be most desireable as it allows
correlation of Quaternary sediments across the Mississippi River into [llinois. Iowa
has recently adopted this method allowing correlation to the North as well, The less
than 45 minutes time per sample for this procedure allows for an inexpensive analysis
of large numbers of samples needed for stratigraphic characterization of Quaternary
deposits in Missouri,

Introduction

Many methods of clay mineral analysis are employed for char-
acterization of Quaternary sediments. Some methods employ more
precision than the one described in this paper . The more precise
methods claim more accurate results (Gibbs, 1965). But the preci-
sion requires additional time and that limits the number of <cam-—
ples that can be analyzed. Dr. Herbert D. Glass of the Illinois
State Geological Survey has developed a technique called 1in this
paper the rapid quantitative X-ray diffraction analysis of clay
minerals. The advantages for utilization of this method in Miss-
ouri are: 1 It is a proven technique. 1[It has been employed
successfully by the Illinois GState Geological Survey to help
classify and correlate Quaternary sediments in Illiois for the
past 235 years. 2) It is a rapid method of clay mineral analysis
which requires less than 45 minutes per sample in the laboratory.
And 3) Two bordering states, Illinois and lowa, wutilize this
method of analysis to classify Quaternary sediments. Illincis has
a large volume of data on its western border which can be borrowed
for correlation along Missouri’s eastern border. Ilowa adopted
this method in 1978 and data can be exchanged along Missouri‘s
northern border. I wish to thank Dr. Glass for his assistance in
preparation of this report.

Sample Preparation

The rapid quantitative analysis begins in the laboratory
after a sample has been brought in from the field. The sample is
allowed to dry before the procedure begins. Approximately 40
grams of the dried sediment sample is scaked in a 100 ml beaker of
distilled water until it disaggregates. The time of disaggre-
gation depends on the material in the sediment sample. When
disaggregation occurs the sample, water and sediment, and an
additional 100 ml of distilled water, is agitated in a mechanical



disperser for at least two minutes. A 100 ml portion of the
suspended sample is poured with one motion into a3 100 ml beaker to
remove the fine fraction of the original sample. The 100 ml
beaker with the clay fractin and some silt from the original
cample is allowed to set until flocculation occurs. Decant the
liquid and any clay in excess of about 20-30 ml. Refill beaker
withh fresh distilled water and add a few grains of sodium hexa-
metaphosphate, a dispersant, stir with a glass rod and let set
according to Stokes Law for 20 minutes. If the sample continues
to flocculate repeat the above procedure. Flocculation is caused
by: 1) too rmuch sample or, 2) dissolved salts in the scample
solution.

Label 3 petrographic glass slide with the sample number using
a china marking pencil. Lay the glass slide label down on a pair
of preleveled glass rods. Using an eyedropper carefully break the
surface tension of the suspended sample (0.5 cm maximum depth) and
draw off a sample of clay and water. Be careful not to let any air
in the eyedropper. The suspended particles in the sample are less
than 2 micron. Be sure the glass slide is lewvel. Holding the
eyedropper vertical, release the clay and water sample onto the
unlabeled <side of the glass slide. Place enough suspended sample
on the slide so that the label cannot be read through the clay and
water mixture. If the label can be read through the clay there is
insufficient clay on the slide. To speed up the drying time, the
heat from a light bulb on @ goose neck lamp can be used. The
slide when dry should have a smooth semigloss sheen.

If the dry clay sample on the glass clide peels, this 1is an
indication that the sample was too concentrated in clay. To
remedy this situation dilute the 100 ml beaker of sample with 25
to 30 ml of distilled water. First pour off some of the suspended
csample and replace it with an equal amount of distilled water.
Stir and let stand for 135 minutes and repeat the procedure for
glass slide preparation.

When the clay on the slide is dry, the slide is placed on &
piece of filter paper on a porcelain plate in a desiccator with
ethylene 4glycol for at least 48 hours at room temperature, Two
molecular layers of ethylene glycol replace any water in the
interlayer positions of the expandable claye. This replacement
allows the X-ray analysis to become diagnostic for expandable clay
minerals. Expandable clay minerals are defined as all clay miner-
als which expand to about 174 (5.2° 28) when treated with ethylene
gqlycel. This includes montmorillonite and all expanded products
of the weathering of 1illite, chlorite, and vermiculite. Little
information is derived from air dried X-ray analysis (Glass, 1380
Personal Communication).

X-ray Diffraction Analysis
The <slide, having been exposed to the ethylene glyccol for at
least 438 hours, is mounted in a General Electric XRD 700 cor any

other X-ray diffractometer sample holder. The clay =sample is
scanned from 2° to 33° 28 by copper radiation of 1.5418 Angstroms
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with nickel filtration. The gonicmeter is rotated at a speed of
2° per minute, The X-ray beam voltage is set at S0 KUVP with 15
MA. The counting function is set for a logarithmic scale calibra-
ted to 10,000 counts full scale. The maintenance of the 10,000
count full scale is critical for repeatable results. If the full
scale is not maintained, the results for the percent illite or
kaclinite using the method being reported here will be sericucsly
in error (Hallberg, Lucas, Goodmen, 1978). The spectrogoniometer
is set to a3 1° medium range beam slit using a3 medium range soller
and a 0.2° detector slit,.

The analysis of the clay mineral composition of the sample is
based on a determination of the counts per second (CPS) for peak
heights of selected clay sized minerals. Table 1 lists the clay
minerals used for analysis aleong with some of the other important
clay sized mineral peaks which can cccur on the diffractogram for
angles 28 between 2° and 35° .

Table 1. Important mineral peaks on X-ray diffractogram (copper
radiation).

Angle 206 Mineral
5.2 Expandable Clay Minerals (Glycolated)*
6.1 Chlorite 1 plus Vermiculite
8.8 Illite I%
i2.4 Kaclinite I plus Chlerite I1%
14.1 Lepidocrocite
17.6 Illite 11
18.7 Chlorite II1
20.8 Quartz (little)
21.2 Goethi te
24.9 Kaolinite 11
25.1 Chlorite IV
26.6 Quartz (big) coincident with Illite I11
27.4 K-Feldspars
27.9 Plagioclase Feldspars
29.4 Calcitex
30.9 Dolomi te*
32.0 Siderite
3.0 Pyrite

*Peaks used in quantitative analysis

The quantitative analysis beqins after the sample hacs been
exposed to X-rays and a chart made of the results. The chart
trace is fitted with 3 logarithmic baseline between approximately
3° and 15° 28 (see figure 1). This baseline is used toc calculate
the relative percentages of expandables measured at 5.2° 2Z6(17A),
the 1illite measured at 8.8° 28 (10A), and the kaolinite plus
chlorite measured at 12.4° 28 (7.1A). Calculation of the percent-—
ages i1s as follows:

1. E (expandables glycolated) = difference in CPS from
baseline to top of the 5.2 20 peak. (Smectite is the
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group name assigned to this peak.)

2. I (illite) = 3.times differences in CPS from baseline to
top of 8.8°28 peak.

3. KC (kaolinite plus chlorite) = 2 times difference in CPS
from baseline to top of 12.4° 28 peak.

4, S (sum) = E + I + KC

S. % Expandables (glyclated) = E divided by § times 100

6. % Illite =1 divided by S times 100

7. % Kaolinite plus Chlorite = KC divided by § times 100

Thesethree relative percentages are then assigned in order to
the sample. For example a 60-18-22 sample has 60% expandables,
18% illite and 22% kaolinite plus chlorite,.

Three octher measures, which can be determined using the X-ray
diffraction analysis technique, are the HSI, DI, and VI. The
heterogenous swelling index (HSI) was defined by Frye, Glass, and
Willman in ISGS Circular Number 427, page 15, in 1968. It is a
measure of the linear distance in mm of the vertical height of the
S.2° 28 peak from the commencement of the trace to its maximum
crest (see figure 1). For high montmorillonite samples the HSI
is an indication of weathering. A decrease in intensity of the
HSI occurs with an increase in weathering. Samples with values of
the HSI near zero (weathered samples) should be viewed wth caution
because the percentages of expandables illite and kaoclinite plus
chlorite can be in error and uncorrelateable with unweathered
samples of the same sediment. Only unoxidized unweathered samples
should be used for statistical purposes (Glass, 1981 Personal
Communicatiocn).

The DI ratio, an abbreviation for diffraction intensity
ratio, was defined by Frye, Glass and Willman in ISGS Circular
334, page 7, in 1962. The DI is also 3 measure of weathering. It
is calculated by dividing the X-ray diffraction intensity in CPS
of illite at 8.8° 28 (10A) by the intensity in CPS of kaclinite
and chlorite at 12.4° 28 (7.2A). The DI ratio provides a conven-
ient way of generating numerical data that represents the other
clay minerals component in the wide range montmorillonite assembl-
agqes (Frye, Glass, and Willman; 13962).

The vermiculite index, V1, represents a third measure of
weathering in the clay fraction of sediments. When chlorite
alters to vermiculite, the intensity of the first order peak at
6.1° 268 (14.3A) increases. All other orders of vermiculite dec-
rease. The VI ratio is a linear measure in mm of the difference
between the 6.1° 28 vermiculite peak and the 8.8° 28 (10.0A)
illite peak. The greater the difference in the VI the greater the
alteration by weathering.

The weathering of sediments produce two secondary minerals.
Lepidocrocite, at 14.1° 28 (5.3A) is indicative of reduced mater-
iale that have bheen recxidized. Goethite, found at 21.2° 28
(4.18A) 1is indicative of a sediment only in an oxidized state.
The change of state suggested by the presence of lepidocrocite
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could be explained by changing a poorly drained site to a well
drained site. Such changes could occur in the sediments in a
plugged sink in the Ozarks of Missouri when the bottom drops out
and the wet sink drains. These changes also occur in many soil
profiles.

The last measure provided by X-ray analysis is the calcite
dolomite counts. Calcite at 29.4° 28 and dolomite at 30.9° 28 are
measured in CPS from the initiation of each peak to ite crest (see
figure 1). The use of calcite and dolomite counts provided by X-
ray analysis, which has been reported for years in ISGS publica-
tions, is being supplemented by percent calcite and dolomite
provided by analysis with the Chittick apparatus method (Dreiman-—
is, 1962). The less than 2 micron fraction of calcite and dolom-
ite analyzed on the X-ray is not correlatable with the results of
the Chittick apparatus method (Dreimanis, 1962).

Summary

As indicated by the title of this report, a rapid quantita-
tive X-ray diffraction analysis of clay minerals has been describ-
ed. The word rapid was used because with a little practice samp-
les can be analyzed in the laboratory by this method in less than
435 minutes. Quantitative is used because numerical data that is
statistically significant is produced. The method provides statis-
tically consistent percentages which can be used in Missouri for
stratigraphic analysis. 1Illincis has been using the method for
many years with excellent results. Jowa after extensive testing
has adopted the method and reports that with careful control on
the calibration of equipment it is possible te maintain an expect-
ed sample standard deviation of 3.0 to 3.5% (Hallberg, Lucas, and
Goodmen, 1978). It is proposed that the methods outlined in this
report be adopted in Missouri for classification of Quaternary
csediments into rock stratigraphic units, and that every sttempt be
made to correlate these rock stratigraphic units with Illincis and
Iowa rock stratigraphic units where appropriate.
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