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SPRING DISCHARGE MEASUREMENTS

The flow of springs is measured in the same way that surface streams are gaged;
by measuring the width and depth of the channel to determine the cross-sectional
area, and using a current meter to record the flow velocity. The precision of
stream— or spring-gaging is directly related to the accuracy to which one can
measure the velocity and cross-sectional area, the uniformity and "smoothness"
of a channel reach, and the skill of the person making the measurements.

Springs are more difficult to measure than surface streams. It is not always
possible to make direct measurements because a spring may rise in the channel or
on the bank of a creek or river. In such cases, the spring flow is measured
indirectly by measuring above and below the spring outflow; the difference is
the spring discharge.

The problem is campounded during flood events, when low-level springs are
subject to backflooding. Flooding may prevent access to a stream above and
below a spring, for making indirect measurements.

Because of these and other reasons, there is camparatively 1little reliable
information about the maximum flow of springs. However, over many years the
U. S. Geological Survey's Water Resources Division has made many spring
discharge measurements. To make these data more meaningful, discharge diagrams
have been prepared (by Cynthia Endicott, Missouri Geological Survey) for
Maramec, Alley, Round, Welch, Blue, and (for coamparative reasons) Big Springs.
These diagrams show the flow characteristics of each spring at a glance. Range
of discharge is shown on the abcissa, while the ordinate shows the discharge one
might expect to see most of the time, recognizing extreme flows are rare events.

Enough discharge measurements have been made on same springs to construct rating
curves that can be used to determine discharge by reading a staff gage installed
in the spring channel. Others have had relatively few measurements, and
therefore it is not ©possible to accurately define their discharge
characteristics.

Spring discharge measurements are routinely made in terms of cfs, then converted
to gpd when considered desirable. One cfs is a measure of volume and means one
cubic foot of water passing a fixed point in one second. One cfs is equivalent
to 646,000 gallons per day (gpd). Thus, to convert measurements in cfs to gpd,
one simply multiplies the cfs figure by 646,000. Occasionally discharge
measurements are needed in other terms. Conversion factors to other units of
volume are:

1 cfs = 449 gallons per minute
646,000 gallons per day
1.98 acre-feet per day
28.3 liters per second
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Flow diagrams showing discharge characteristics of springs

described in this guidebook, with Big Spring near Van Buren included for

comparison.

Spring discharge is given in cubic feet per second (cfs).

Flow distribution shows the percentage of time a given flow is likely to
be observed, based on available discharge data for each spring.
Bimodal display is for aesthetic purposes.
Diagrams constructed by Cynthia Endicott, MGS, 1984.



GBOLOGY AND HYDROLOGY OF THE DRY FORK-
MARAMEC SPRING AREA

by James E. Vandike*

Day 1

INTRODUCTION

Dry Fork, western-most tributary of the Meramec River, heads in northwestern
Dent County and flows north through southeastern Phelps County before
intersecting the Meramec River in Crawford County, about 1 mile downstream fram
Maramec Spring. Dry Fork drains approximately 383 square miles (mi2), but is a
losing watershed; much of the rain falling over Dry Fork basin is channelled
underground and reappears at Maramec Spring. Maramec Spring is ranked fourth
largest among Missouri springs with an average flow of 147 cubic feet per second
(cfs) .

Lower Ordovician (Canadian) cherty dolamites and sandstones crop out throughout
the Dry Fork basin. The Gasconade Dolomite, oldest unit exposed in the basin,
crops out along lower valley walls and forms the stream bed for Dry Fork in the
downstream reaches. The overlying Roubidoux Formation consists of interbedded
sandstone, dolamite, and sandy dolomite, with abundant chert, and forms the
bedrock surface over most of the basin. The Roubidoux reaches a maximum
thickness of about 150 ft but is typically somewhat thinner, due to solution
removal of carbonate interbeds in the subsurface. The Jefferson City Dolomite,
a finely crystalline argillaceous dolamite, crops out along the northern and
eastern watershed divides of Dry Fork basin (see stratigraphic column, page 22).

Upper Cambrian Eminence Dolamite underlies the Gasconade Dolomite but is not
exposed in the basin. However, the Eminence is important in terms of the
groundwater conduit system channelling recharge to Maramec Spring.

Bedrock throughout most of the area is overlain by residuum consisting of clay,
chert fragments, and sand, the insoluble remainder of the host rocks. Residuum
thickness exceeds 100 ft in the southern part of the basin and thins northward.
The high permeability of the residuum is partly responsible for high groundwater
recharge in the watershed.

* Geologist, Missouri Geological Survey, Division of Geology & Land Survey,
Department of Natural Resources, P. O. Box 250, Rolla, MO 65401.
(314) 364-1752.



Dry Fork basin, like most of the Ozark region, has been karstified to same
degree. The karst development in the basin is not as striking, or as apparent,
as it is in many areas. Sinkholes are few, except along the Dry Fork-Current
River watershed divide south of Salem. There are several caves in the basin,
but most are small and not current groundwater flow routes. There are no first
magnitude (100 cfs) or even second magnitude (10-100 cfs) springs in the basin
and very few third magnitude (1-10 cfs) springs. The most abundant Kkarst
features in the basin are losing streams. Significant reaches of middle and
upper Dry Fork and most of Norman Creek, a major tributary, are losing streams.
What Dry Fork basin lacks in impressive surface karst features is offset by
subsurface karst development which has created a well-integrated subterranean
drainage network.

Maramec Spring, just northwest of Dry Fork basin, is the discharge point for
water channelled underground in Dry Fork basin. Recharge to Maramec Spring is
not provided entirely by losing streams. The Roubidoux Formation underlying the
residuum in most of the basin has been deeply weathered. The high permeability
of the residuum, and the open nature of the Roubidoux allow rapid vertical
recharge throughout the upland area, as well as the valley bottoms.



ROAD LOG

Rolla to Salem via Dry Fork, Norman Creek, Maramec
Spring, and other points of interest: 49.9 miles

Mileage
Dif. Cum.

0.0 Begin road log at south parking lot of Missouri Geological
Survey, 111 Fairgrounds Road, Rolla. Exit parking lot, turn
right, and proceed south on Fairgrounds Road.

0.1 0.1 Intersection Fairgrounds Road-Kingshighway (Business Route I~
44). Turn left and proceed east on Kingshighway. BEWARE:
Cross—traffic does not stop!

0.5 0.6 Intersection Kingshighway-Bishop Avenue (U.S. Highway 63).
Turn right and proceed south on Bishop Avenue.

0.4 1.0 Intersection Bishop Avenue-Ridgeview Drive (Mo. Highway 72).
Turn left and proceed east on Ridgeview Drive-Mo. Highway 72.

1.7 2.7 Intersection Mo. Highway 72-Phelps County Route O. Stay on
Highway 72.

0.5 3.2 Bridge over Love Branch, a tributary of Little Dry Fork.
Proceed on Mo. Highway 72.

1.0 4.2 Bridge over Green Acre Branch, a tributary of Little Dry Fork.

0.6 4.8 Intersection Mo. Highway 72-Phelps County Route F. Turn left
and proceed east on Route F.

2,5 7.3 STOP 1: Dry Fork. Dry Fork Bridge. Pull off road on right
and park.

Dry Fork watershed drains a total of about 383 mi2. Its major
tributaries, Little Dry Fork (40 mi2), Norman Creek (51 mi<),
and Spring Creek (45 mi2) vary fram gaining streams with well-
sustained base flows to losing streams which carry water only
after heavy and prolonged precipitation. Dry Fork at Highway
8-68 (downstream from Stop 1 below Little Dry Fork) has a 7-day
Q2 flow of 1.2 cfs. In comparison, the Jacks Fork at Eminence,
with a drainage area of 398 mi2, and the North Fork River at
Twin Bridges, with a drainage area similar to Dry Fork, have
7-day Qp flows of 130 cfs and 38 cfs, respectively. The
primary difference between the water-deficient Dry Fork, and
the Jacks Fork and North Fork Rivers, is the loss of surface
flow in Dry Fork watershed into the subsurface.



Dif.

4.0

Discharge measurements by Vandike (1982) show several zones of
water loss along Dry Fork (fig. 3). Significant upstream
losses occur downstream of the confluence of Spring Creek with
Dry Fork northwest of Salem. Spring Creek has a well-sustained
base flow which keeps several miles of large pools on Dry Fork
full even during moderately dry weather. At the downstream end
of the pools, flow enters the subsurface. Further downstream,
near the Phelps-Dent County line, a spring-fed tributary feeds
a mile-long series of pools on Dry Fork. Once again, at the
end of the pools, water enters the subsurface. In November,
1981, an underground fertilizer pipeline leaked an estimated
24,000 gallons of ammonium nitrate and urea into Dry Fork
alluvium and the creek, and resulted in severe water—quality
problems at Maramec Spring. A dye trace later proved the
connection between Dry Fork and Maramec Spring. On May 13,
1982, three gallons of Rhodamine WI' 20 percent dye was injected
into a spring-fed tributary of Dry Fork where the pipeline
rupture took place. The dye was recovered at Maramec Spring,
12.8 miles away, between 11 and 12 days after injection.

Bedrock at this stop is Roubidoux Formation. A short distance
downstream, the Gasconade Dolomite forms the creek bed.

To continue field trip, proceed east on Phelps County Route F.

STOP 2: Norman Creek. Norman Creek Bridge. Pull off road on
right and stop.

Norman Creek, the major eastern tributary of Dry Fork, has 51
mi2 of surface drainage. This drainage area size should insure
a well-sustained base flow, but Norman Creek, like so many in
the Ozarks, is a losing stream. If losing streams could be
ranked as to efficiency, Norman Creek would rank high. Its
ability to channel water in the subsurface is unsurpassed in
Dry Fork watershed. Lower Norman Creek carries water so seldom
that, in places, a well-defined channel is hard to find. Flow
measurements made during wet weather show 1losing zones
extending fram the mouth to the upstream reaches of the creek.
Only in the headwaters is there sustained base flow during
normal weather. Static water levels in private wells along
Norman Creek can be more than 100 ft below the base of the
creek. For flow to occur in lower Norman Creek, runoff must
exceed the very high infiltration capacities of the losing
zones.

Gann and Harvey (1975) injected Rhodamine WI' 20 percent dye
into the dry streambed of Norman Creek about three miles
upstream of this stop. It was injected August 23, 1972, after
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two inches of rainfall in the preceeding 24 hours. The dye was
first detected between 68 and 75 days later at Maramec Spring,
8.7 miles away. This is a far longer travel time than dye
traces run in similar areas. Apparently, rainfall at the time
of injection was insufficient to move the dye fram the alluvium
into the conduit system leading to the spring. A four-inch
rainfall occurring November 1 was probably instrumental in
flushing the dye into the conduit system.

To continue field trip, turn vehicle around and proceed north
on Phelps County Route F.

Intersection Phelps County Route F and Phelps County Road ?72?
(sign is missing). Turn right and proceed northwest. on Phelps
County Road ??7.

Intersection Phelps County Road ???-Phelps County Road 314.
Turn right and proceed east on Phelps County Road 314.

Low water crossing of Norman Creek.

STOP 3: Meander Cut-Offs and Lost Hills. Pull off right side
of road and stop.

At the confluence of Norman Creek and Dry Fork there are
several meander cut-offs and lost hills. Dry Fork near this
point exhibits numerous entrenched meanders. Two of these have
been breached, shortening Dry Fork by about two miles and
Norman Creek by about one mile. Beveridge (1978) postulates
the sequence of events leading to the drainage pattern as it
now exists (fig. 4). The first cut-off is thought to have
reversed the flow of a stretch of old Dry Fork channel when it
was replaced by Norman Creek. The resulting sequence of now-
dry valleys are easily seen and, in part, stand above present-
day flood 1levels. Bedrock here is Gasconade Dolomite with
Roubidoux Formation capping the hills.

To continue field trip, proceed on Phelps County Road 314.
Abandoned stream in dry valley.

Intersection Phelps County Road 314-Mo. Highway 68. Turn left
and proceed north on Mo. Highway 68.

Intersection Mo. Highways 68 and 8. Turn right and proceed
east on Highway 8.
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Landslide site. The new asphalt on the right side of the
highway marks a landslide that occurred May 7, 1985. Prolonged
rains weakened the steep fill material and it deformed outward
toward the base. There was a maximum of about 2% ft of
vertical displacement and about 250 ft of road was affected.

Intersection Mo. Highway 8 and Maramec Spring Park. Turn left
into Park, proceed through gate, and continue east on Park
road.

STOP 4: Maramec Spring and Iron Works. Maramec Iron Works
Museum parking lot. Turn left into parking lot and stop.

Maramec Spring rises in a circular basin at the base of a bluff
of Gasconade Dolomite. A phreatic cave at the bottam of the
17-foot deep spring pool channels water to the spring. Average
flow for the spring is 147 cfs making it fourth largest in
Missouri in discharge. Minimum and maximum recorded discharges
are 56 cfs on August 1, 1934, and 770 cfs on December 6, 1982.

The recharge area for the spring is not fully defined, but has
received attention fram various workers for 50 years. Doll
(1938) related recharge area sizes to spring flows for a number
of large springs in the Ozarks. He postulated that the
recharge area for Maramec Spring lies to the south and
southwest in Dry Fork and Norman Creek drainage. Williams and
Martin (1963, unpub. ms) outlined a possible recharge area by
using water-level measurements fram damestic wells. This
recharge area, shown in Vineyard (1974), contains only about 15
square miles. If this were the total recharge area,
approximately 120 watershed inches of recharge would be
required to equal the amount of water flowing fram the spring.
Dye tracing, by Gann and Harvey (1975), which links Norman
Creek to Maramec Spring, and by Vandike (1982), which
establishes a hydrologic connection between a losing reach of
middle Dry Fork and Maramec Spring, greatly increases the
potential recharge area. The probable recharge area for
Maramec Spring is Asher Hollow, Norman Creek watershed, and
middle and upper Dry Fork watershed. The losing streams
effectively channel water from the surface into the groundwater
system, but the very permeable Roubidoux Formation and the
residuum formed fram it will allow much water to enter the
subsurface in upland areas. Sinkholes are not common in Dry
Fork basin and are not significant contributors to Maramec
Spring recharge.

Recharge from as far as 30 miles south could be recharging the
spring. The well-integrated character and inherent openness of



Cum.

the spring system is well illustrated in hydrographs of the
spring. Discharge begins increasing within a few hours after
major precipitation events begin. Peak discharges often occur
less than a day after rainfall events end. However, the water
issuing forth while spring discharge is rising in response to
precipitation is not the water fram the rainfall. It is water
already in transit in the spring conduit system that is
responding to greater head pressure supplied by the recharge.
The water introduced into the spring system by rainfall arrives
at the spring several days later, depending on location of
rainfall and rainfall amount.

Maramec Spring has been explored underwater further than any
other Missouri spring. In 1969, divers fram the St. Louis
Underwater Recovery Team entered the water—-filled cave feeding
the spring, using SCUBA equipment. Water velocity near the
orifice requires divers to pull themselves into the opening
using projections on the walls as hand holds. Once inside, the
size of the cave increases greatly and the current poses no
problems. Subsequent diving by Roger Miller and Frank Fogarty
extended the explored and mapped length of the conduit to 1725
feet and found a maximum depth of 195 feet (fig. 5). Where
their exploration ended, the cave continued with dimensions of
40 ft wide and 15 ft high. Fogarty and Miller relied on no
large support crew. Instead, they transported extra tanks into
the spring system, extending their exploration while building
up an air supply for a major push. The depth and duration of
the dive required mixed gases. (oxygen-helium-nitrogen) and
saturation diving.

In November, 1981, a 1leaking 1liquid fertilizer pipeline
containing ammonium nitrate and urea released an estimated
24,000 gallons of fertilizer into the spring system via a
losing reach of Dry Fork. Despite the dilution provided by
this 100 million gallon per day spring, severe water quality
problems resulted. Though total nitrogen never exceeded 10
milligrams per liter (mg/l), oxygen demand of the fertilizer in
the spring water reduced dissolved oxygen to near zero.
Normally, dissolved oxygen at the spring measures 7 to 9 mg/l.
After the pipeline spill, dissolved oxygen decreased to less
than 0.5 mg/1 (fig. 6). Trout reared in the spring by the
Department of Conservation were kept alive by mechanical
aeration of the spring water. Still, about 37,000 sculpins and
several hundred pounds of trout died. More significantly,
three species of aquatic cave fauna were found living in the
spring system and were severely affected. Ironically, these
small cave creatures survived longer in the oxygen—deficient
water than the surface species and were probably the last
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living aquatic creatures to be taken fram the spring.
Rains flushed the fertilizer fram the spring system and within
a few weeks, the trout, sculpins, and aquatic cave animals
could be reintroduced into the spring system. Subsequent
diving by Maramec Spring Park Naturalist Jim Dipardo shows the
aquatic cave animals have repopulated to promising levels.

Maramec Spring played an important role in the early history of
Missouri by providing water power for the Maramec Iron Works.
Thomas James, an irommonger fram Ohio, and partner Samuel
Massey, Iron Works superintendent, began construction of the
Iron Works in 1826; the facility operated until about 1876.

Norris (1964) in "Frontier Iron, the Maramec Iron Works, 1826-
1876" gives a historical account of the development, operation,
and downfall of the Maramec Iron Works. For many years,
Maramec Iron Works was the largest (and often the only)
supplier of iron in the newly formed state of Missouri. Iron
ore was mined fram a filled-sink hematite deposit not far fram
the furnace. The charcoal iron process required very basic raw
materials, but was very much "high tech" in its day. The
smelting process was a well-kept secret, handed down verbally
from master to apprentice; little was recorded on paper. This
helped protect the Jjobs of the early iron workers. The
charcoal~iron smelting process required iron ore, limestone
(dolomite was used here) for flux, charcoal for fuel, and a
large volume of compressed air. The original sandstone furnace
was replaced about 1857, and stands in good repair downstream
of the spring. Each firing of the furnace consumed about 18
bushels of charcoal, 40 to 70 lbs of dolomite flux, and 360 to
640 1lbs of iron ore, and produced about 200 lbs of pig iron.
The furnace was charged 70 to 80 times per day. Record
production was in December 1858 when the furnace was charged 90
times per day and weekly pig iron production was 83 tons.
Charcoal production was a constant problem, since about 1600
bushels per day were required. About 500 to 600 acres of
timber were cut each year for charcoal. The iron works
produced pig iron and much casting work was done. Pig iron was
of limited usefulness because it contained excessive silica,
carbon, and other impurities. Much of the pig iron was further
refined into wrought iron by remelting in the refining forges
and repeated hammering and heating. Very high-quality iron was
produced in the anchony forge, where this process was repeated.

The spring, after water level was raised with the still-present
dam, provided power to large piston air compressors to furnish
air to the furnace, powered numerous triphammers used to refine
the pig iron, and also powered a grist mill, saw mill and every

15
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other type of business required to support the Iron Works and
associated town. Figure 7 is a plan map of the Maramec Iron
Works in 1871.

The Iron Works resembled a feudal manor, camplete with campany
store. All land, buildings, and equipment were owned by one
man. However, the Iron Works paid their people well to insure
a good labor force possessing the needed skills, and the
campany store operated at only a small profit. Technological
changes and new iron ore discoveries in other parts of the
country rendered the charcoal-iron process obsolete and
uneconamical. These reasons, plus expansion of the Iron Works
during failing econamic times, hastened the downfall of the
Maramec Iron Works. It closed in 1876. Another factor leading
to its downfall was isolation. The Meramec River was
unsuitable for transportation in the upstream reaches. Even
the Gasconade River was tried with limited success, once again
due to shallow water. Much of the supplies brought in and iron
shipped out had to travel by wagon on steep, winding roads in
narrow valleys. As Mississippi and Missouri River
transportation and overland travel improved in the mid-1800's,
Eastern iron could be shipped west economically and compete
with Maramec iron.

Iron was a much-needed and very expensive cammodity in the
1800's. 1In 1830, refined bar iron cost 5 1/2 cents per pound
in thousand pound lots at the Works. In 1834, prices at the
Maramec Store were as follows: shoes, $1.50; flour, $.025 per
1b; coffee $.25 per 1b: meal, $.38 per bushel; sugar, $.17 per
1b; and whiskey $.80 per gallon. Present-day costs of these
items are fram 10 to 50 times the cost in 1834, but present-day
steel costs, wholesale and delivered, are about 20 cents per
pound, only four times higher than in 1834.

The park is operated today by the James Foundation of New York
as a privately-owned public park. Though the undershot wheels
are gone and the giant triphammers no longer thunder, the site
serves as a reminder of an important part of Missouri's past.
Portions of the Works remain, including the furnace, some
triphammers and forges, and the spring branch dam. A museum
near the spring contains artifacts of the area, mementos of the
James Family, and an intricate working model which vividly
demonstrates the layout of the Iron Works and the smelting
process. Trout reared in the spring provide anglers with
challenge and recreation. Just ocaompleted is a museum of
agriculture, which exhibits many of the early—and even more
modern—tools used by the Ozark farmer.
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To continue the field trip, exit the parking lot, turn left,
and follow the Maramec Spring Park road.

Turn left on cemetery road.

STOP 5: Maramec Iron Works Mine. Pull in and park. Do not
drive cars into mine!

The Maramec Iron Works Mine, a oonvenient X-mile fram the
spring, is one of several hematite-filled sink structures in
the area. Grawe (1945) indicates about 375,000 tons of high-
grade hematite ores were mined fram the sink, which is
developed in the Lower Gasconade Dolamite. The ore was
transported by wagon, after hand sorting and sizing, to the
furnace. The following theory on ore genesis is that of Grawe
(1945) as given in Hebrank (1981, page 8): *The original
deposit or fill oconsisted entirely of the iron sulfides,
pyrite, and marcasite. Grawe (1945) suggests a primary origin
involving mixing of downward-circulating, iron-rich waters,
with groundwater containing hydrogen sulfide. He believed that
the sink structures themselves acted as large leaching basins
or "funnels", and the iron was leached fram overlying
Pennsylvanian—aged sediments. The age of mineralization is
post-Pennsylvanian, possibly Cretaceous. When later erosion
exposed the deposit to the atmosphere, the upper part (or in
same cases, all) of the sulfide body was oxidized to a "gossan"
of hematite and, to a lesser extent, limonite."

The rich hematite ore allowed good yield, regularly exceeding
50 percent. The size of the Maramec Iron Works mine is less
than others in the area, but its ore quality and location
proved ideal for supplying the Iron Works.

To continue field trip, exit mine parking lot, turn right and
proceed back to Maramec Spring Park entrance.

Intefsection Maramec Spring Park road and Mo. Highway 8. Turn
right and proceed southwest on Mo. Highway 8.

Intersection Mo. Highway 8-Mo. Highway 68. Turn left and
proceed south on Mo. Highway 68.

Mo. Highway 68 follows the Dry Fork-Meramec River watershed
divide. Most major Ozark roads follow a similar pattern;
following ridge tops. The upper Meramec River basin, which
parallels Dry Fork basin to the east, is a gaining stream and
has a well-sustained base flow.

18



Dif.
13.0

2.8

6.1

0.3
1.3

39.4
42.2
48.3

48.6
49.9

Norman Creek valley on right.

Crossing Norman Creek.

Intersection Mo. Highway 68-Mo. Highway 19. Mo. Highway 68
ends. Proceed south (straight) on Mo. Highway 19.

Salem city limits.

Intersection Mo. Highways 19, 72, and 32. Tower Inn is across
intersection on left. You can go left, then right, or
straight, then left, or cross-country.

END OF FIELD TRIP



5.

6.

7.

8.

10.

REFERENCES

Beveridge, Thamas R., 1978; Geologic Wonders and Curiosities of Missouri:
Missouri Department of Natural Resources, Division of Geology & Land
Survey, Educational Series No. 4, p. 153.

Doll, W. L., 1938; Hydrography of the Large Springs of the Ozark Region of
Missouri: Unpublished masters thesis, Missouri School of Mines and
Metallurgy, Rolla, Missouri, 106 p.

Fogarty, Frank, and Roger Miller, 1978; Map of Maramec Spring, Phelps
County, Missouri: unpublished map reposited in Cave Files, Missouri
Department of Natural Resources, Division of Geology & Land Survey.

Gann, E. E., and E. J. Harvey, 1975; Norman Creek, a source of recharge to
Maramec Spring, Phelps County, Missouri: Journal Research U. S. Geological
Survey, vol. 3, no. 1, p. 99-102.

Grawe, O. R., 1945; Pyrites Deposits of Missouri: Missouri Geological
Survey & Water Resources, 2nd series, vol. 30, 482 p.

Hebrank, Arthur W., 1981; Guide to Mineral Resources along I-44/Rolla to
St. Louis, Missouri: Missouri Department of Natural Resources, Division of
Geology & Land Survey, p. 8.

Norris, James D., 1964; Frontier Iron, the Maramec Iron Works, 1826-1876:
Historical Society of Wisconsin, 206 p.

Vandike, James E., 1982;. The Effects of the November 1981 Liquid-Fertilizer
Pipeline Break on Groundwater in Phelps County, Missouri: unpublished
report, Missouri Department of Natural Resources, Division of Geology &
Land Survey, 24 p., 1 appendix.

Vineyard, Jerry D., and Gerald L. Feder, 1974; Springs of Missouri:
Missouri Geological Survey & Water Resources, WR 29, 272 p.

Williams, James H., and James A. Martin, 1963; Reconnaissance of the
Proposed Lake Sites on Dry Fork (Rolla Dam), Little Dry Fork (I-23aA), ard
Norman Creek (I-22), Phelps County, Missouri: unpublished report, Missouri
Geological Survey & Water Resources, 1l p.

20



GEOLOGY OF SPRINGS IN THE JACKS FORK-
CURRENT RIVER AREA

by Jerry D. Vineyard*
Day 2

INTRODUCTION

The objective of this field trip is to study the geology of springs, to
understand their origin, development, and flow characteristics. Springs are
functioning demonstrations of fluid movement through carbonate rocks; they are
agents of change that produce karst terranes.

There is a continuum between the paleokarst of the past, the springs of the
current geamorphic cycle, and the cave systems that are in stages of development
fran youth as embryonic, water-filled passages through transition into air-
filled caves, to old age as relict parts of once-extensive systems now
represented only by natural bridges or cave wreckage.

Extensive, paleokarst-based metallic and nommetallic mineral resources such as
the fire-clay districts of east-central Missouri (McQueen, 1943, and Keller,
1979), and the pyrites deposits of south-central Missouri (Grawe, 1945)
underscore the importance of karst processes and landforms in the development of
econamic mineral deposits. Karst processes also appear to have played a role in
the genesis of same metallic mineral deposits associated with breccia zones in
carbonate host rocks.

Recognition of the presence of paleokarst associated with mineral deposits may
lead to formulation of efficient prospecting/mining methods. 1In such cases, an
understanding of current-cycle karst landforms and karst processes may be
extremely helpful.

SPRINGS AND STRATIGRAPHY

The camposite stratiqraphic column (fig. 8) for the field trip area shows a
carbonate-daminated sequence of Cambro-Ordovician sedimentary rocks 1lying
unconformably on Precambrian volcanics and intrusives. While the section
includes several non-carbonate units, they seem not to affect spring recharge
systems in significant ways.

* Assistant State Geologist, Missouri Department of Natural Resources,
Division of Geology & Land Survey, Rolla, MO 65401. (314)364-1752.
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The carbonate terrane of the Ozarks has been extensively modified by solution,
producing a karst landscape over much of southern Missouri. The karst map (fig.
9) shows areas of relatively intense karst development, and the generalized
locations of Missouri's 4,600+ known caves, which are indicators of karst
processes. The map does not show springs or losing streams, but if these
features were added, the solution-modified character of the Ozarks would be even
more apparent.

Dye tracing and diving have shown that springs receive water fram sources as far
as 40 miles away. The water moves rapidly through the carbonate-dominated
strata, reaching depths of more than 300 ft beneath the water table before
rising in large karst springs. This implies that non-carbonate strata—such as
the Gunter Sandstone Member of the Gasconade Dolamite—are insignificant
barriers to spring development.

One dye trace by Aley (reported in Vineyard & Feder, 1974) documents water lost
in the Roubidoux Formation at Mountain View (1,100+ elev.), rising at Big Spring
(elev. 440). However, the conduit(s) supplying Big Spring are at least 100 and
probably 200-300 £t below the surface, so in transit fram the point of sinking,
recharge water must move at least 1,000 ft vertically through part or all of the
Roubidoux, Gasconade, Eminence, and possibly Potosi formations.

How does groundwater move through the carbonate formations? Does it follow
zones of higher permeability, driven by Darcy's Law to plunge to great depths
before rising as major springs? Can such zones be identified stratigraphically?
Or is it guided by subtle structural features that are not apparent? There are
no firm answers to these questions; this field trip, in fact, is likely to raise
more questions than it answers.

SPRINGS AND STRUCTURE

It is tempting to reason that spring supply channels follow major geologic
structures. However, comparison of known structures with spring locations and
with maps of major caves may not show close correlation. In fact, when faults
are encountered in caves, they are likely to be transverse to major passage
orientation. In the case of Big Spring, several water traces show flow caming
from a westerly direction (Vineyard & Feder, 1974, page 87), whereas the
structural grain is NW/SE. Blue Spring receives water that is lost in Logan
Creek, and the inferred subterranean flow path crosses the southeast arm of the
Ellington fault at nearly right angles.

While the evidence for fault-guided solution in spring systems is weak, the case
for control by lineaments and local structures is stronger, as shown by Aley's
work (1976), in which he pointed out the apparent role of lineaments and
fracture traces in spring recharge dynamics.
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FIGURE 9: Map of Missouri showing areas of intense surface karst
and locations of caves and cave complexes, as elements of the karst
landscape in Missouri. The large area modified by solution is underlain
primarily by carbonate rocks. Caves tend to be concentrated along
major streams, while surface karst generally occupies upland,
interfluve areas
(Map by Vineyard, 1981).
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ROAD LOG

Loop, Salem-Eminence-Salem, 156 miles

ROAD LOG begins; intersection of Highways 32/72 and 19, Salem
(Tower Inn). Proceed south on 19.

Salem: The city was laid out in 1851 as the seat of govermment
for Dent County. Early settler David R. Henderson named the
town for Salem, North Carolina. Dent County was named to honor
local pioneer and Missouri legislator Lewis Dent.

Notes on the history of Salem appear on a sign erected by the
Missouri Historical Society/Missouri State Highway Department,
on Highway 19 on the north edge of town:

"Before dawn on December 3, 1861, a skirmish took place here
that is often called the Battle of Salem. About 120 Union
troops led by Major W. D. Bowen defeated around 300 pro-
Southern state troops led by Colonel T. R. Freeman and remained
in control of Salem, strategic point on the road to the railway
terminus at Rolla. Union forces occupied Salem throughout the
war, except briefly in 1864, when raiders burned the courthouse
and jail. The courthouse was rebuilt, 1870.

Salem grew with the coming of the St. Louis, Salem, and Little
Rock R.R. (Frisco), 1872, and with the development of iron
resources in the area in the 1870's; Dent County, with 33 iron
mines, was one of the state's top producers until 1915.
Northeast is Sligo, once a booming campany town. A furnace was
put in blast there, 1880.

Salem...lies in a region of level plateau and rolling hills,
territory claimed by the Osage tribes until their 1808 land
cession. The first pioneers, largely fram Tennessee, came to
settle in the area in the 1820's...

Montauk State Park, southwest of Salem, was acquired by the
state in 1927. There, 930 feet above sea level, in a setting
of timbered hills, Montauk Springs emerge in an open valley to
send forth daily some 40 million gallons to form the headwaters
of the beautiful, spring-fed Current River.

Indian Trail State Park, northeast of Salem, was established in
1924. The White River Trail, much used by the Indians and
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later by the pioneers, passed through Dent County northeastward
crossing the Forest. To the east, Dent County forms a part of
Clark National Forest,* established 1933-39.

Seeps and springs in the forest form the source of the historic
Meramec River."

The Salem Plateau in this vicinity lies at an average elevation
of about 1180-1200 feet; the great karst springs of the river
systems discharge at elevations of around 450-700 feet.

Intersection with West Roosevelt Street. Turn RIGHT on West
Roosevelt.

STOP 1: Simmons Hill Mine/Salem City Dump/open field. Simmons
Hill Mine is a paleokarst feature that was filled with specular
hematite iron mineralization. Crane (1912) described the mine
as being in production fraom 1873 to 1892, with a total
production of 250,000 tons. The mine workings consisted of a
pit 500 ft long by 400 ft wide, worked to a depth of 200 ft.
Schmidt (1873) included a detailed description of the mine
(fig. 10) and a drawing of the unusual isolated hill before
mining began.

The City of Salem acquired the site and used it as a city dump.

Because it was essentially a sinkhole, DNR was anxious to have
the dumping stopped. Accordingly, the dump was closed and the
area was backfilled and seeded. Today it is an open field.

Simmons Hill is one of two paleokarst iron mines in the City of
Salem. The other is the old Orchard mine, along Highway 19 in
the south—central part of town. This deep pit is now filled
with water and demolition material.

From Simmons Hill, one can view the accordant surface of the
Salem Plateau that so fascinated Bretz (1965). To the south,
the Plateau is dissected by the Current River and its
tributaries, and looks like anything but a "plateau."”

Traveling south across the Salem Plateau, one sees a rolling,
pastoral countryside nearly devoid of streams, yet not devoid
of water. The latest revisions of the Salem, Darien, and Doss
7%' minute quads depict a countryside rife with small farm
ponds, yet pocked with sinkholes, some of which are perfectly
cone-shaped and up to 50 feet deep.

* Now Mark Twain National Forest
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FIGURE 10: Simmons Hill (Mountain) Mine.

Owned by the Sligo Furnace Company of St. Louis, the Simmons Mountain Mine
produced 250,000 tons of primarily specular hematite ore from a
sandstone-lined paleokarst pit that was worked to a depth of 200 feet.
The Salem 7%-minute gquad shows Simmons Hill mine;

Crane (1912) calls it Simmons Mountain Mine.

Drawing from Crane, p. 137.
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All of the streams are intermittent, losing their flow to the
subsurface drainage systems feeding the large springs to the
south and west.

Return to Highway 19.

Intersection with Highway 19. Turn right and drive south on
19.

Crossing Spring Creek.

Sinkhole on left (east) side of highway.

Hame in sinkhole on right (west) side of highway.

Junction Highways 19 and K. Continue south on 19.

Junction Highways 19 and N. Continue south on 19.

STOP 2: Standing Rock This is one of many similar paleokarst
features found extensively in the Salem Plateau. They were
perhaps best described by Ball and Smith (1903) in the Geology
of Miller County. Beveridge (1978, p. 233) wrote of Standing
Rock, "The exposure is about 40 feet in diameter and the crest
is saome 25 feet above the stream bed on the south side. A
stroll both up and down the stream is rewarding because the
gravel contains a great many boulders of cryptozoan chert which
resemble huge cabbage heads.”

The Rock is sandstone with inclusions of brecciated and
variegated chert. It is a jumbled mass without discernible
organization, other than an apparent tabular lineation NW-SE.

Gladden; headwaters of Gladden Creek. On the right is a large
pord in a shallow sink.

Junction Highway 19 and WN. Persimmon Pond (Silver Arrow Canoe
Rental) occupies a plugged sinkhole.

Entering Shannon County.

Junction Highways 19 and KK. Turn right on KX.
Sinkholes on left and right.

Road to Devils Well on left.

Junction Highways KK and J; bear left on KK toward Akers.
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Crossing Gladden Creek; permanent spring on right just before
bridge. ‘

Junction Highways KK and K; Akers Ferry, campground, store, and
canoe rental; turn right on K.

Mt. Zion Church (now ONSR ranger station). Building made of
native reef chert, with same sandstone, dolomite, and several
blocks of cave onyx. Dated December 21, 1948.

STOP 3@ Devils Backbone. Stratigraphy of the Gasconade
Dolamite; overlooks Current River valley; Welch Spring.
Highway K crosses a narrow saddle called Devils Backbone,
between the deeply-entrenched valleys of Current -River and
Gladden Creek. Though still in the Salem plateau, this is an
area of rugged, highly dissected topography that is entirely
unplateau-like. However, this is one of the best places to
observe the relationship of springs to the upland areas fram
which their recharge is derived.

Stratigraphy: Highway cuts on the west end of Devils Backbone
expose a section of Gasconade Dolamite, including a prominent
Cryptozoan chert reef. The dolamite is massively-bedded,
sparsely fossiliferous, and medium-grained, typical of the
Gasconade, which is probably the most cavernous formation in
Missouri.

The Cryptozoan chert reef is a praminent marker bed in the
area. Here it is about 12 feet thick. The upper part is
massive, "cabbage head" algal material, while the lower part is
characterized by highly permeable, fossiliferous "finger-rock"
structures.

Rock from reef exposures and hillside float has been used by
local stone masons for many years to build attractive and
durable structures such as the Mt. Zion Church at Akers, the
Shannondale Cammunity Center, and the Latter Day Saints Church,
all mentioned elsewhere in this guidebook. The rock is
colorful and variegated, and is usually laid on edge to expose
the most attractive face. Reef-stone masonry apparently is
becaming a lost art, perhaps because of the hand labor involved
in finding and dressing suitable stones, and the weight of
individual pieces. There is much less creativity, skill(?) and
physcial strength required to lay uniformly-sized bricks than
in building a beautiful reef-stone structure.

Geamorphology: The view fram Devils Backbone overlooks the
valley of Current River. Directly across fram the roadcut
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exposures, on the slip-off slope (convex) side of a wide
meander, are several strath terraces that are used as
haymeadows during the summer. The bluff below the overlook
exposes strata fram the lower Gasconade through the Gunter
Sandstone and deep into the Eminence Dolamite.

Looking southwest, one can see the old Welch Spring Lodge, now
used by the NPS as a training center. Just out of sight beyond
the building is Welch Spring, which is certainly one of the
most interesting springs of the Ozark region. Bear in mind
that you are looking at Current River as the groundwater base
level in the region, or, if you will, the "cropline" of the
local water table. However, what you see is not the whole
story. Welch Spring has been dived to a depth of over 100
feet, apparently without bottoming the system. If it is like
other deep springs, the total depth of the system is likely to
be 300 feet or more. In short, groundwater circulation through
tubular spring supply conduits is highly developed to a depth
that is greater than the surface relief.

North of Devils Backbone 1lies Gladden Creek, which has
entrenched its valley to nearly the same depth as Current
River. At same future time, a natural bridge may develop
through the narrow spine of carbonate rock now separating
Current River and Gladden Creek. Just at the narrowest point,
on the Gladden Creek side, is Smokehole Cave, which suggests
that karst processes may play a pivotal role in future
geamorphic development.

Gladden Creek has permanent flow only in its lower reaches.
About midway in its basin is a large swallow hole known as
Gladden Well, which pirates the flow of Gladden Creek into the
supply system of Welch Spring.

Welch Spring road; turn left.

STOP 4: Welch Spring. Welch Spring Access; Current River
(fig. 11). Foot trail leads upstream to Welch Spring. Imagine
a continuum in karst. Initial karst development takes place
below the water table, in the phreatic zone. Springs are the
discharge of groundwater fram channels developed in the
phreatic zone. As a geamorphic cycle continues, streams deepen
their channels, water levels fall accordingly, and as stream
channels encounter and drain spring conduits, air-filled caves
appear. As the cycle ocontinues, caves that originally had
free-surface streams are oampletely drained and disjointed,
leaving cave remnants such as natural bridges and tunnels, and
high-level, dry caves.
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WELCH SPRING CAVE
SHANNON COUNTY
SHN-033
OZARK NATIONAL SCENIC RIVERWAYS

SURVEYED 1963-1984
BY RL TAYIOR, ) BEARD, i TURI & A. KRIEGSHAUSER

CARTOGRAPHY BY R. TAYLOR
SURVEYED LENGTH 2785 FT/849M
SCALE IN FEEY
“w 20 0 ;X & 0 0
© ° x =© 3l
SCALE IN METERS
MISSOURI SPELEOLOGICAL SURVEY

FIGURE 11: Map of Welch Spring Cave. The rise pool of the spring is
Inside the cave, suggesting that Welch Spring is in a transition
stage from a completely water-filled conduit system toward an air-filled
cave with a free-surface stream. Divers have explored the rise pool
(upper left) to a depth of more than 100 feet. Numbers in circles
are ceiling heights; ovals with fractions indicate depth to
ceiling (upper) over depth to floor (lower).

Map courtesy Missouri Speleological Survey, Inc.
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In this continuum, Welch Spring is at mid-cycle—half spring
and half cave. The upper levels are partly air-filled, and can
be explored by boat. The lower 1levels, in coontrast, are
campletely water-filled and accessible only to divers (fig.
10).

Aley (1982) ran several dye traces to Welch Spring, but his
results were not entirely conclusive. Aley feels that the
recharge area for Welch Spring must include about 140 square
miles. Interaction between the Welch Spring recharge area and
that of Cave Spring and other springs is probable, but not well
defined.

Return to Highway K.

Intersection with Highway K. Turn right on K.

Akers. Junction Highways K and KK. Turn left on K.
Junction Highways KK and J. Continue straight ahead on KK.

Road to Devils Well Public Use Area; turn right on gravel road.
NOTE: Road becames steep and narrow, unsuitable for trailers,
low-slung cars, long buses, etc.

STOP 5: Devils Well. The finest example of its kind in
Missouri, Devils Well is a karst window that opens to view the
inner workings of a spring conduit system, in the same way that
a manhole ‘gives access to sewer tunnels (fig. 12).

Explored and mapped in the mid-1950's, Devils Well became the
focus of a masters thesis by Jerry Vineyard, who introduced the
Dunn method of fluorescein dye tracing into Missouri through
his work 1linking Devils Well with the Cave Spring recharge
system (Vineyard, 1963).

The surface expression of Devils Well is a steep-sided, funnel-
shaped sinkhole about 40 feet deep. The upper part of the sink
is in Gasconade Dolamite; the Gunter Sandstone Member is
exposed in the lower part, forming the ceiling of the
spectacular underground 1lake chamber below. The entire
thickness of the Eminence Dolamite is truncated by the lake
chamber. A small fault displaces the basal sandstone of the
Gunter about three feet vertically, in the lower part of the
sink (fig. 13).

The National Park Service has built a metal viewing platform
and installed electric lights so one may view a small part of
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Facts About Devils Well

* Height from viewing platform to water:
80-100 feet, depending on lake level A te: To k .

. . ) . . final note: To keep our springs
Size of main chamber: 400’ x 100 and streams as clean and pure as

* Lake depth: Deepest part is 100 feet possible, don't use sinkholes as trash
dumps. Remember that most water

* Water in lake: About 22 million gallons :

. o in the Ozarks flows underground
* Flow from Cave Spring: 32 million gallons per day and surfaces as a spring. Due to the
* Number of known air-filled chambers: 4 porous nature of the soil. water is

« Age of rock in which Devils Well was formed: not purified by flowing underground.

400-500 million years (Eminence Dolomite)

FIGURE 12: Plan and profile of Devils Well (with miscellaneous notes
by NPS). Conduit to Cave Spring is transverse to line of profile.
Drawing fraom a brochure on Devils Well prepared by the National
Park Service, Ozark National Scenic Riverways, 1984.
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FIGURE 13: Geographic relationships of several elements of the Cave
Spring system. Note absence of permanent flow in area streams,
except for Current River.

From Springs of Missouri, 1974, p. 103.
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the underground lake that gave rise to the name, Devils Well.
A small spring flowing fram the Gunter about halfway up the
side of the surface sink has been partly contained in plastic
piping to minimize splashing of viewers on the platform. In
the early days of exploration of the Well, the spring bathed
explorers, riding a bosun's chair, with icy water in transit to
and from the underground lake.

The underground lake chamber has a normal-pool estimated
capacity of 22 million gallons. The distance from the viewing
platform to the water below is about 100 feet, depending on
lake stage, and water depth reaches 200 feet in the deepest
part. The main lake chamber is over 400 feet lona and about
100 feet wide at the widest part. Several side channels have
been mapped off the main chamber and divers have explored three
smaller roams upstream, accessible only by diving.

Dye traces by Vineyard (1956) showed the Devils Well is a major
part of the recharge system for Cave Spring, on the Current
River about one mile south of the Well.

Cave Spring rises fram a deep (200+ feet), nearly vertical
shaft in a short cave in a bluff along Current River. The
spring is a popular stop for canceists, and a well-known
wintertime "fishing hole" (because river fish swim from the
Current River into the warmer waters of the spring).

Because the spring rises almost in the river, it is difficult
to measure at best, and impossible to measure in peak flow.
The few measurements available suggest that the average
discharge may be 25-30 cfs; peak flow is probably several
hundred cfs.

The water level in Devils Well changes in response to rainfall,
rising 30 feet or more in high-rainfall events. Knowing the
direct connection between the Well and Cave Spring suggests a
model for spring recharge systems in the Ozarks.

Imagine a conduit system at a depth of 200-300 feet beneath the
base level of a river. The conduit is interrupted occasionally
by large chambers that may be campletely water-filled, or may
have air space above the water table. The air-filled spaces
are associated with sinkholes on the surface, which funnel
surface water into the system. When it rains, the inflowing
water builds up in the open chambers, increasing pressure in
the system and causing a rise in discharge at the spring.
Features like Devils Well, then, are natural surge chambers
that regulate the flow in spring systems (fig. 14).
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while Devils Well and other similar features found elsewhere
across the Ozarks are interesting and theory-provoking, they
are probably not essential features of spring recharge systems.
The fact remains that much of what is known about spring
systems is indirect evidence—the movement of tracer dye fram
injection sites to a spring orifice; discharge measurements;
etc. Divers have explored and mapped only the throats of the
deep conduit systems; Devils Well gives a rare glimpse of a
conduit system in its mid-part.

The essense of a deep Ozark spring is the conduit system, which
opens a relatively large part of a carbonate aquifer to
groundwater inflow, much as a well bore allows groundwater to
enter, where it can be pumped out. Deep karst springs are
analogous to pumping oollector wells, with gravity supplying
the pumping energy.

Return to KK.
Intersection with Highway KK. Turn right on KX.
Junction Highway 19. Turn right on 19.

Shannondale; Community House, caretaker's house, skating rink,
other structures. Excellent examples of native stone
construction using reef chert. Cornerstone of main building
1932.

The cammunity house (church) and the caretaker's house are
built of the same type of reef chert used in building the Mt. .
Zion church. However, the Shannondale buildings reflect the
proximity of the Precambrian outcrops near Eminence. There are
numerous rhyolite blocks, as well as same green malachite (?)
samples that probably came fram sameone's rock collection.
Limonite is represented in two excellent stones imbedded in the
facade of the community house, which seems to have the finest
stones. One sample, on a window, has "straw-bundle" structure.
Another, on one side of the door, has a miniature "pillow-
structure” form. Cave onyx is also represented by numerous
large pieces in the facade.

There are two millstones on the property. One is a massive red
granite stone that is said to have came fram the old Watson
Mill in Troublesame Hollow (shown as Watson Spring on Round
Spring 7%-minute quad). The other may be a French chert
millstone. It is smaller and bound with an iron band. The
upper surface has a masonry coating.
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Junction Highway 19 and A. Continue south on 19. The sinks of
Sinking Creek lie about four miles east of Highway 19, off A
and CC.

Junction Highways 19 and EE. Continue straight ahead on 19.
Pulltite Spring, river access, and campground lie about four
miles west of 19, at the end of Highway EE.

Begin descent to Round Spring.
Cryptozoan reef in Gasconade Dolamite.

Bridge over Sinking Creek. Eminence Dolamite in bluffs and
road cuts on left, to Current River bridge.

Bridge over Current River.

STOP 6: Round Spring and Round Spring Cavern. Round Spring,
one of several major springs that feed the Current River, has
an average discharge of approximately 45 cfs (1.3 cams) and is
the 14th largest spring in Missouri. The spring rises fram a
breakdown—choked vphreatic opening in the Eminence Dolamite,
created when cavern roof collapse left a nearly circular spring
pool. Part of the roof remains and forms a bridge between the
spring pool and spring outlet. The spring has been mapped
underwater to a maximum penetrable depth of roughly 55 feet in
the phreatic conduit.

Records of daily flow were ocollected from October 1928 to
September 1939 and continuously since 1965. Maximum and
minimum recorded flows are 520 cfs (May 19, 1933) and 10 cfs
(December 10-12, 1937) (Vineyard and Feder, 1974; p. 109). See
flow diagram (fig. 2).

Round Spring has campletely filled its basin and overflowed its
rim at least four or five times during the last decade (Art
Sullivan, ONSR, pers. camm, 1985). Three of these events
occurred along with river floods since the spring of 1983 (once
in 1983 and twice in 1985). Such overflows occur only when the
Current River and Spring Valley are in flood stage with water
backed up over the natural bridge spring outlet.

Beckman and Hinchey (1944; p. 116) noted changes of stage and
discharge of the spring that could not be explained by chanaes
in rainfall. These changes could be caused by fluctuations in
barametric pressure.

Location of the Round Spring recharge area is still
conjectural. Beckman and Hinchey (1944; p. 116) feel the
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recharge area lies to the southwest of the spring in Spring
Valley watershed. A dye trace made by Aley (1976; p. 79-80 and
1978; p. 54-56) indicates that only a minor amount of recharge
is provided by Spring Valley watershed to the southwest. Aley
feels that the recharge area may lie to the east of the spring
and the Current River. Dye tracing has not yet substantiated
this. If true, water would pass beneath Current River to
discharge at Round Spring.

Divers performed extensive underwater exploration of Round
Spring for the National Park Service (Carrell, et al., 1980).
This work, part of the National Reservoir Inundation Study, was
designed to measure the impact of freshwater inundation on
archaeological materials. Surface and underwater mapping
showed a submerged archaeological site under about 10 feet of
water in the grotto, beneath the natural bridge. Selected
artifacts were collected fram the site and a color video tape
made of the artifacts, mapping and excavation. The presence of
the archaeological site under water requires that at least once
in the past a relatively long-term hydrologic change occurred.
Such a change could be attributed to a major collapse blocking
or restricting the conduit system feeding the spring, or a
major climatic change.

Nearby Round Spring Cavern may be part of an ancestral conduit
system that supplied an earlier "Round Spring." Its speleogens
record an episode of cave development under phreatic
conditions, followed by sediment filling and modification by
free-surface streams in the current erosion cycle.

Round Spring Cavern. Privately owned and open to the public
for many vears, Round Spring Cavern is now part of the Ozark
National Scenic Riverways, which is administered by the
National Park Service. Ranger—guided tours may be arranged
with ONSR personnel (fig. 15).

Round Spring Cavern is in a highly dissected area of the Salem
Plateau, where massively-bedded Cambro-Ordovician dolomites
have been deeply eroded by streams and extensively modified by
groundwater solution. There are many caves and springs along
the master stream, Current River, and its major tributaries.
Round Spring Cavern is not the largest of these, but it is
highly decorated by secondary mineralization and it has
features typical of caves in the region.

Cave development links the Cambrian Eminence Dolamite and the

Ordovician Gasconade Dolomite by breaching the Gunter
Sandstone, basal member of the Gasconade. The lower passages
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FIGURE 15: Map of Round Spring Cavern. This highly generalized map
(from Bretz, 1956) shows the discontinuous mature of the large trunk
passages (once part of a spring conduit system?) of the cave.
More detailed maps are now available through the work of the
Missouri Speleological Survey, Inc.
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of the cave are in the Eminence, the ceilings in some areas are
formed by the Gunter, and upper levels of Round Spring Cavern
are in the Gasconade.

The entrance is in a steep bluff along Spring Valley Creek,
sane 60 feet above the creek. It leads into a narrow
passageway that winds for 400 feet to intersect the main
passage of the cave at about mid-length. This small passage is
antecedent to the spacious main trunk passage, and it must have
been produced by stream drainage when a lowering water table
left the cave in the unsaturated zone.

There are two streams in the cave, one draining the northern
arm, the other, the southern. But these streams are no more
than drains for the vadose water captured by cave passages;
they are not linked to extensive karst drainage and flooding is
no longer a problem in the cave, though extensive detrital
sediments document a history of flooding, filling, and erosion.

The trail through the southern (left) arm of the cave leads
upstream through a spacious, high-ceilinged passage much
modified by stream erosion, secondary mineralization, and
breakdown. There are textbook examples of meander niches in
the wall rock, stream channel deposits, and a wide variety of
speleothems. One large chamber, called the Tobacco Barn
because of the massive draperies hanging fram the ceiling, is a
forest of dripstone deposits. There are also extensive
rimstone deposits in the cave stream, forming pools in which
the Ozark Blind Cave Salamander, Eurycea lucifuga, is
frequently seen.

The massive calcium carbonate speleothems in this part of the
cave usually have overgrowths of helictites and/or anthodites.
In places the helictites are so thickly and consistently
developed that they have been called "mineral moss" (Bretz,
1956, p. 239). Bretz also referred to the extensive anthodite
overgrowths in the Tobacco Barn as "three-weeks beard."

The lower trail in the southern arm leads under and through a
water-sculpted area of ceiling pendants in the dolomite roof
rock. These record a stage of stream erosion when gravel fill
forced the rushing current against the ceiling where its
erosive capacity produced the pendants.

The waterfall near the end of the southern arm drops the stream
fram an unexplored source in the Gasconade Dolamite, over a
four-foot bed of sandstone, which is the basal Gunter Member of
the Gasconade. Just beyond the waterfall, the southern arm
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terminates in a massive debris cone that truncates the trunk
passage. Breakdown apparently was caused by valley deepening
on the surface as it neared the older cave passage.

Returning to the entrance passage, the northern arm leads
through a spacious but less well-decorated passage leading
first north-northwest, then due east toward a double
termination aqainst debris plugs fram breakdown caused by
surface stream downcutting. BHere, as in the southern arm, the
original phreatic(?) trunk channel has been extensively
modified by streams in the vadose zone. Detrital fill is
exposed against the cave walls, recording a history of filling
and removal of fill by a stream or streams of which the current
ones are much reduced in volume.

Responses of the cave fill-—clay in same places, sand and
gravel in others—include campaction following drainage, small-
scale faulting and slumpage, and collapse following erosional
undercutting. The faulting is particularly interesting where
miniature scarps, complete with slickensides, are exposed in
several places in the northern arm. Campaction of the fill
beneath massive dripstone deposits has fractured the calcite,
leaving gaps in what once were floor-to-ceiling columns.

In addition to providing habitat for several species of cave-
adapted organisms, Round Spring Cavern is also a
paleontological site. "Bear beds" and bear bones document an
earlier time when bears were native to the Ozark region and
used caves as places to hibernate. Bat Cave, upstream along
the Current River in a setting much like Round Spring Cavern,
yielded a bear skeleton with a flint (chert) arrowpoint
imbedded between vertebrae. Archaeological evidence suggested
an age of 1600 years B.P.

Round Spring Cavern today is a remnant of a once-larger system
that is now being further reduced by encroaclment from
aqgressive surface streams, causing breakdown. It is not clear
where the cavern originated, or where the water it carried when
it was running tube-full came to the surface. It probably
surfaced in a pre-existing spring much older than nearby Round
Spring, and now long since destroyed by valley deepening by
Current River. There is no evidence that Round Spring Cavern
is connected with the karst system that supplies Round Spring.
That system must be much younger, much deeper, and operating in
response to greatly different oconditions than those which
produced Round Spring Cavern.

Bridge over Spring valley.
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OPTIONAL STOP. Overlook on right, featuring dry (usually)
watercourse of Spring Valley. The sinuous, deeply-entrenched
valley has numerous caves, a natural bridge, and an ebb-and-
flow spring. The Round Spring quad shows no permanent flow in
Spring Valley, though two permanent(?) pools are shown in the
lower reach.

Entering Virgin Pine Forest. The Missouri State Highway
Department maintains a narrow strip of "virgin" pine forest
along both sides of Highway 19 for about 1 mile. The forest is
thought to be similar to the climax forest across much of the
Ozarks, that was seen by pioneer settlers and early explorers
such as Schoolcraft.

End of Virgin Pine Forest.

Junction Highways 19 and D on right (Ozark Country Store).
Continue on 19.

01d copper mine in hollow on right.

Eminence overlook on left. The igneous knobs of the Eminence
Precambrian district are visible to the east. The panoramic
view gives a distinctly different impression of the Salem
"Plateau" than one gets fram Simmons Hill in Salem.

Eminence has a rich history of logging during the early part of
this century. Todav it is growing and changing to serve the
streams of tourists that come to enjoy its clear float streams,
its hunting and fishing opportunities, and the large springs.

"Here in one of the most beautiful areas of Missouri's Ozarks,
Eminence was founded as the seat of Shannon County after it was
organized in 184l1. First located north on Current River, the
town was burned in the Civil War by guerrilla bands who overran
the area. After the war, Eminence was laid out, 1868, on
Jack's Fork of the Current.

"Named for George (Pegleg) Shannon of the Lewis and Clark
Expedition, the countv lies in the Big Springs Country of
Missouri. In this region of over 5000 square miles are 11 of
69 U.S. springs of first magnitude (64,600,000 gal. daily
min.)...

"Missouri's first copper mine was opened near here by Joseph
Slater in 1837. - Others were established, but mining was done
only intermittently after Michigan's mines were opened in 1846.
Iron was also mined for a time and, in World War II, Missouri's
only manganese mine was opened at Thorny Mountain."
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Bridge over Jacks Fork.

Junction Highways 19 and 106. Turn right and drive west on
106, toward Alley Spring.

Large, exposed area of residuum over weathered dolamite, on
left.

West Eminence. Once a thriving cammunity, it was the center of
a massive logging operation in the early 1900's when the pine
forests were logged off.

Crossing Mahans Creek.

Junction Highways 106 and E; continue straight ahead on 106.
Shallow sink in southeast corner of intersection.

Contact of Gunter Sandstone and Eminence Dolamite, in roadcut
on right.

Entering Ozark National Scenic Riverways.
Crossing Jacks Fork.
Tb.rn right into parking lot for Alley Spring and Mill.

STOP 7: Alley Spring. Park and walk to Alley Spring and 01d
Red Mill. Note: There is an admission charge for touring the
mill building (50¢ for adults, 25¢ for children) (fig. 16).

A picturesque mill in a steep-walled valley graces the rising
of Alley Spring. The spring flows fram a phreatic cave passage
developed in the Eminence Dolamite. Divers fram the St. Louis
Underwater Recovery Team explored the spring in April 1960 (Dr.
R. W. Shelby; written comm.) and found the deepest part of the
spring basin to be 32 feet. Divers were able to penetrate the
feeder conduit to a depth of 100 feet in a horizontal distance
of 150 feet. The conduit dimensions measured 15 feet wide and
10 feet high where it joins the spring rise pool. The floor of
the conduit is covered by an undetermined thickness of well-
worn chert gravel.

Discharge data is available for the spring fram 1928 to 1939
and 1965 to present. Mean annual discharge for the spring is
approximately 133 cfs, ranking it 7th largest in Missouri
(Missouri Geological Survey and Water Resources, 1967; p.167).
Maximum and minimum recorded flows are 2750 cfs (April 22,
1974) and 54 cfs (October 15-18, 1934). Prior to 1974 when the
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FIGURE 16: Profile through the throat and rise pool of Alley Spring.
The 25° incline of the feeder conduit is typical of large Ozark karst
springs. This profile was prepared by divers of the St. Louis Underwater
Recovery Team. Subsequent dives by Miller & Fogarty attained greater
depth; Miller (1979, pers. comm.) reported discovery of a huge,
water-filled room, which has not been fully explored or mapped.

From Springs of Missouri (1974, p. 181).
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2750 cfs peak flow occurred, maximum measured discharge was
1060 cfs which occurred on March 11, 1935. This discharge is
the highest recorded peak flow for any spring in Missouri.

Two dye traces by Aley (1976a; p. 75 and 1976b; p. 29) show the
recharge area for Alley Spring lying west of the spring and
north of the Jacks Fork. A substantial part of the recharge
area near Summersville, Missouri, is characterized by losing
streams and intense surface karst.

Alley Spring discharge responds rapidly to precipitation
events, a characteristic shared by many Ozark springs. Aley
(1976; p. 75-76) traced water fram a temporarily-ponded
sinkhole about 2% miles northeast of Summersville to Alley
Spring. The dve appeared in the spring, 11 miles away, less
than eight days later, requiring a travel rate greater than 300

feet/hour,

Another dve trace bv Aley (1978; p. 29-35) showed hvdrologic
interaction between major springs whose rises were several
miles apart. Dye introduced into a losing stream about 2 miles
west of Summersville appeared 14.5 miles away at Alley Spring.
Dye was also recovered at Blue Spring on the Jacks Fork
approximately 9 miles southeast of the injection site.
Estimated time of travel to Blue Spring was approximately 13
days and to Alley Spring, 15 days. Mean straight-line rate of
tracer movement was 256 feet/hour for Blue Spring and 228
feet/hour for Alley Spring. Hydrologic interaction between
major springs is rare in the Ozarks. Vandike (1979) conducted
two dye traces in the North Fork River basin with dye fram a
single trace exiting fram two widely separated springs. Aley
(1978) feels that the interaction is caused when recharge
exceeds subsurface conduit capacity, causing the excess water
to be diverted by another flow system to a different spring.
Quinlan and Rowe (1977) have experienced similar results when
dve tracing in a distributarv cave system in the central
Kentucky karst.

Alley Spring stopped flowing for 12 hours on one occasion
(Bridge, 1930). Water level in the spring pool decreased
rapidly and fell to about 5 feet below normal pool 1level.
After about 12 hours, the water level rose and flow resumed
with the spring highly turbid for several days. Formation of a
large upland sinkhole at approximately the same time some 15
miles northwest of the spring was thought to be the cause of
the temporary blockage of the spring supply channel.

Return to Highway 106.
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0.15 67.95 Highway 106; turn left and retrace route to Eminence.

5.55 73.5 Junction Highways 106 and 19. Continue straight ahead (east)

on 106.
0.2 73.7 Weathered Eminence Dolamite in roadcut on right.
0.7 74.4 Quarry on left, in Eminence Dolamite. Dipping strata reflect

proximity to a Precambrian knob.
0.4 74.8 Precambrian rhyolite in cut on right.
1.0 75.8 Gunter Sandstone in cut on left.

0.1 75.9 Cryptozoan reef in upper Gasconade.

0.5 76.4 Bridage over Shawnee Creek. Gasconade Dolomite in low bluff on
right (upstream).

0.3 76.7 Cryptozoan reef on left.
1.0 77.7 Bridge over Little Shawnee Creek.
0.9 78.6 Junction Highways 106 and V. Continue east on 106.

2.3 80.9 Thorny Gap. Junction Highways 106 and H. Continue east on
106. Exposures of Gasconade Dolamite along Highway 106.

0.7 81.6 Precambrian rhyolite in cuts.

2.5 84.1 Entering Ozark National Scenic Riverways

0.8 84.9  Gasconade Dolamite in cuts on both sides of highway.

1.1 86.0 Crossing Current River at Owls Bend. The relatively new bridge
replaces the old Powder Mill Ferry, which operated for many
years at this crossing.

0.3 86.3 Eminence Dolamite in cuts on left.

0.3 86.6 Road to Owls Bend Visitor Center.

0.1 86.7 Powder Mill Creek Cave (Cove Spring) in woods north of highway.

0.2 86.9 Leaving Ozark National Scenic Riverways.

0.1 87.0 Eminence Dolomite exposed on left, for next 0.2 mile.

0.2 87.2 Gunter Sandstone in cut on left.
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Blue Spring access road. Turn right.

Bear right at wye. Road is narrow, rough, and in places, very
steep.

STOP 8: Blue Spring. Blue Spring parking area. Park and hike
0.3 mile to spring.

Sixth 1largest spring in Missouri, Blue Spring is also the
deepest, and to many, the most beautiful. There are many blue
springs in Missouri, but none as deeply cobalt-blue as this
one. It is owned by the Department of Conservation, which has
built viewing platforms and trails to protect the spring and
its surroundings fram indiscriminant trampling.

Blue Spring is typical of large Ozark karst springs; it has a
feeder conduit that climbs steeply to the rise pool from a
considerable depth, in this case, 310 feet. Presumably the
conduit levels out at or scmewhat below this depth, and extends
northwestward through the spring recharge area. The oconduit
inclines at an angle of about 20 degrees initially, then
steepens to 36 degrees in the deeper part. The spring throat
and rise pool was mapped by Roger Miller and Frank Fogarty,
scuba divers fram Louisville, Kentucky. The divers used a gas
mixture of oxygen, helium, and nitrogen for their deep dive on
October 30, 1979. To the writer's knowledge, this was the
deepest dive ever made in Missouri (fig. 17).

Perhaps the most surprising characteristic of deep springs is
their apparent ability to move gravel through the systems.
Gravel transport has been observed in many deep Ozark springs,
and is thought to be the cause of the peculiar periodicity that
typifies ebb and flow springs, such as Miller Spring near Fort
Leonard Wood (Roger Miller, pers. com., 1981). High
velocities reached during peak discharge enable same springs to
move gravel up steep inclines. Gravel "fountains" have been
observed by divers (Vineyard & Feder, 1974, p. 189), and
polished—qravel "paleosprings" are associated with Shanghai
Spring in Pulaski County and Bennett Spring near Lebanon
(Fellows, Vineyard, and Williams, 1970).

The recharge area for Blue Spring lies generally north and west
of the spring rise, and includes a significant part of the
headwaters of Logan Creek (fig. 18). Dye traces by Feder &
Barks (1972), show water lost in Logan Creek in its losing
reach near Latter Day-Saints Church (STOP 10) sinks 570+ £t
into the subsurface before surfacing at Blue Spring. Where
ILogan Creek sinks, it is flowing  ower cavernous
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FIGURE 18:
Logan Creek to Blue Spring.
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Dye tracing shows subterranean flow from the losing reach of
The trace crosses the southeastern arm of the
Ellington fault at nearly right angles.

Map from Springs of Missouri (1974, p. 91).

Poszt.lon of the Ellington fault added, from Pratt, et al., 1985.
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Dif.

2.5

1.1
1.0
0.8
2.8

93.4

94.5
95.5
96.3
99.1

Gasconade Dolamite; to transit the system, the water must pass
vertically through the remainder of the Gasconade formation,
including the basal Gunter Sandstone Member, the entire
Eminence Dolamite, and it undoubtedly penetrates at least part
of the Potosi Dolamite.

The southeast arm of the Ellington fault crosses the dye trace
fran Logan Creek to Blue Spring: whether the fault plays a
major role in spring development is not known.

Just a mile upriver fram Blue Spring is a large spring-cave
known as Cove Spring/Powder Mill Creek Cave. One of the
largest caves in the area, it remains incampletely explored and
only partly mapped. Though its lenqgthy passages carry much
water, the cave does not appear to be associated with the Blue
Spring System.

Imagine a submersible vehicle able to enter and navigate the
conduit system below and beyond the 310-foot depth reached by
divers. How much deeper would the conduit go? What lies
beyond the deepest part? Miles of spongework-pocked, gravel-
bottamed, railroad tunnel-sized conduit interrupted by immense
surge chambers, all heading toward Logan Creek? No one knows
the answers to these questions, though sameday technology may
enable the exploration of systems like Blue Spring. For now,
we can say only that rapid transit of tracer dve through the
system implies open conduit flow, and that the lowest point
reached is at least 300 feet below Current River.

The wvulnerability of springs to surface contamination is
vividly shown by Blue Spring, which pirates the flow of Logan
Creek through a swallow hole (STOP 10). Any spill of hazardous
chemicals, any industrial or aaricultural pollution, or any
pipeline leakage in the Logan Creek watershed above the swallow
hole would move directly (and quickly!) to Blue Spring.

Retrace route to Highwavy 106.

Intersection with Highwav 106. Turn right and drive east on
106.

Junction Highways 106 and HH. Continue on 106.
Dry valley of Carr Creek.

Entering Reynolds County.

Junction Highways 106 and B. Continue on 106.
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Dif.
0.4

0.3
1.0

0.9

0.9

0.3
2.8
0.4
1.7

99.5

99.8
100.8
101.7

102.6

102.9
105.7
106.1
108.8

STOP 9: Dry valley of Logan Creek. The valley of Logan Creek
is a quarter to three-eighths mile wide near this stop, but
unless there has been recent heavy precipitation, there will be
no water in the wide expanse of gravel where a stream ought to
be. This viewing point is near the lower end of a ten-mile dry
reach of Logan Creek that begins near STOP 8 and ends about 2%
miles downstream fram STOP 7, where springs beqin to rise along
the south side of the valley.

Dyve tracing (Feder and Barks, 1972) shows that the entire flow
of Logan Creek is lost in the reach near STOP 8, and most of
the water goes to Blue Spring. However, under certain
conditions when the underground channel capacitv is inadequate
to accept the entire flow, part of the water rises, not in Blue
Spring, but in springs farther down Logan Creek.

In addition to the swallow hole described at STOP 8, there is
another, two miles west of STOP 7, at the south end of the
runway of the old Ellington Municipal Airport (now abandoned).
Depending on the volume of water caming down Logan Creek, the
point where it ceases to flow changes with the weather.

\ Turn around and retrace route.

Junction Highways 106 and B. Bear right on B.
Crossing dry valley of Logan Creek.

Road to Ellington Airport (abandoned) on left. Large swallow
hole at south end of grass runway.

Deep cuts in residuum on right; dry valley of Logan Creek on
left,

Gasconade Dolamite in cuts on right, for next 0.3 mile.

Large cut in residuum on right.

Gasconade Dolamite on right.

STOP 10: Swallow hole and losing reach of Logan Creek, near
Latter Day Saints Chwrch Park and hike down dry valley of
Logan Creek to swallow hole. NOTE: Access permission may be
required if site is visited on other than sponsored field
trips.

Losing streams are praminent features of karst topography.
There are many losing streams in the Ozarks; logan Creek is a
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1.7

1.5

0.9
4.1

110.5
112.0

112.9
117.0

classic. The Midridge quad shows permanent flow in the channel
ending at Latter Day Saints Church, followed by a ten-mile dry
reach. Permanent flow resumes about three miles west of
Ellington, on the Exchange quad.

Above LDS Church, at mileage 112.0, Logan Creek has well-
sustained flow and supports a diverse aquatic fauna.

There is no specific point at which all of the water is lost.
Rather, there is a gravel-floored losing reach where the waters
of the creek sink below the surface, the point of last flow
varying with weather conditions; the drier the season, the
farther upstream is the sinking point.

About a half-mile southwest of the LDS Church the Midridge quad
shows a tiny, closed depression contour just west of the
depicted channel of Logan Creek. This is a swallow hole
(sinkhole in a drainageway that "swallows" surface drainage)
that accepts large volumes of water in high flows on Logan
Creek. However, because the swallow hole is in the dry reach,
it receives water onlv in flood events. The swallow hole leads
into a descending cave passage that can be followed for about
200 ft, down steep slopes to a camplete blockage of gravel,
boulders, and debris washed in fram the creek.

Dye tracing (Gann, Harvey, and Miller, 1976, sheet 4) confirmed
the connection between Logan Creek and Blue Spring (STOP 8).
However, the results also showed that under higher flow
conditions dye would appear at both Blue Spring and in the
gaining reach of Logan Creek east of Ellington. These results
suggest that when the capacity of the underground system is
exceeded, the excess flow moves on past the losing reach.
Barks (pers. camm.) reports that as much as 100 cfs in Logan
Creek above LDS Church, will be entirely lost in the losing
reach.

Roubidoux (?) residuum in cuts on right for next 1.5 miles.

Crossing Logan Creek above losina reach. The character of the
stream channel has changed campletely fram the dry, gravel-
choked channel at LDS Church, to a clear Ozark stream populated
by fish and other aquatic fauna. Vegetation crowds close to
the stream; sycamores, willows, and other water-loving trees
and shrubs are much in evidence.

Road on left to Ozark Lead Company's Milliken Mine.

Village of Corridon.
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Dif. Cum.

1.4 118.4 Village of Reynolds. Junction Highways 72 and B. Turn left on
72, toward Salem. Follow 72 to Salem.
38.0 156.4 Junction Highways 32 and 19, Tower Inn.

END OF ROAD LOG
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1985 AMG FIELD TRIP

Itinerary, Day 2

The road log for Day 2 includes stops illustrating most aspects of
spring geology. However, time constraints 1imit the number of
stops we can make. The following itinerary includes stops that
will be made, weather permitting.

Leave Tower Inn, 8:00 a.m.

STOP 1: Simmons Hill (paleokarst)

STOP 3: Devils Backbone (stratigraphy)

STOP 5: Devils Well (karst window)
REST ROOMS AVAILABLE

STOP 6: Round Spring (hydrology)
LUNCH STOP; REST ROOMS AVAILABLE

STOP 8: Blue Spring (spring hydrology, geb]ogy)
REFRESHMENTS!!!

Return to Salem at approximately 4:00 p.m.
The field trip route leads through hilly, heavily-forested "Ozark
Mountain Country," with many scenic vistas and interesting places

to stop. Because all field trip stops are easily accessible, members
may want to return at Tater times for more liesurely study.
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DEVILS BACKBONE — AKERS FERRY
Shannon County, Missouri
Gasconade Dolomite Section

Residuum, with brecciated chert bed
23 Gray Fenestral CC
1°-2° X
2'2 Residuum cover
o-1 LLH Nodular CC—M, some gray, smooth chert
2
Dolomite CC, chert B and chert G of iithoclasts; large
solitary hemispheroids stacked to {aterally iinked
hemispheroids
8’
3 Tan, nodular CC—M with white tripolitic chert
5 Possible G—CC, some may be Fenestral. local B.
smooth, white, drusy chert
1 0/ 4] 47 %= Lithoclast and undeterminant grain G. XB?
8 Fenestral M minor chert clasts — nodules
1.5 ’ a Tan, nodular M? CC with gray and tan chert nodules
Gray ‘Netted Rock’ CC with munor laminated CC
Ptng some may be cryptalgalaminate M or thrombolite.
8 Plane loccaly looks Fenestral
0-5 White, smooth, mottied chert
2 Gray, irregularly taminated CC with quartz drusy
chert
covered
by

James R Palmer
Missour Geological Survey

August 1985 .
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SURFICIAL MATERIALS
by John W. vhitfield*

The 1985 AMG field trip traverses part of the Salem Plateau, which is a
subprovince of the much larger Ozark Province (fig. 19). The steep, wooded
hills and stony valleys represent a terrain in which carbonate bedrock has been
under constant attack from weathering and headward erosion fram tributaries of
the Jacks Fork and Current Rivers.

Bedrock consists of massive thicknesses of Ordovician cherty dolamite and
sandstone, and Cambrian dolomite. Weathering of the bedrock has produced a
ubiquitous blanket of cherty clay residuum and colluvium that covers most of the
Ozarks. 1In places the residuum is over 100 feet thick and consists of 75% chert
fragments. In the Ozarks, bedrock residuum is the major constituent of
surficial materials.

Although residuum in the Salem Plateau may look like a uniform blanket of cherty
red clay, there are differences in its texture, structure, and lithology just as
there are between rock formations.

A typical upland profile of surficial material consists of 1) a thin loess or
pedisediment; 2) lag gravel; 3) illuviated residuum; and 4) residuum. In south-
central Missouri most of the loess and lag gravel has been stripped off the
ridgetops by erosion and mixed into the stony colluvium.

Surficial materials can be separated into mappable units on the basis of
profile, genesis, and camposition. For convenience, each surficial unit is
given a name instead of a letter or number designation.

Wherever the unit can be recognized, it will have the same name. By using this
method a continuum is established so that a surficial unit will be identified by
the same name fram map to map.

Four surficial materials units have been identified in the field trip area.
Their areal distribution is shown on fig. 20.

Colluvium and bedrock are present in each unit. The colluvium is on hillslopes
and generally resembles the residuum fram which it originated. Bedrock cropout
in all surficial units but in much smaller areas than the dominant surficial

* Geologist, Missouri Geological Survey, Division of Geology & Land Survey,
Department of Natural Resources, P. O. Box 250, Rolla, Missouri 65401.
(314) 364-1752.
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FIGURE 19: Generalized Physiographic Map of Missouri.
Source: Missouri Geological Survey
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AVAN BUREN

m Buffalo Residuum

D St Roberts Residuum

m Potos) Residuum

Vance Mountain Residuum
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Surficial materials map of part of the Salem Plateau.
By John W. Whitfield, Missouri Geological Surwvey

FIGURE 20:
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surficial materials. Principal areas of bedrock outcrops are the steep slopes
and bluffs that border the creeks and major rivers. Smaller areas of bedrock
outcrop are on hills, as glades and knolls.

Alluvium and terrace deposits have not been outlined and described because of
the map scale. Alluvium consists primarily of chert, quartzitic sandstone, and
sandstone in a variety of sizes. Terraces are covered by fine-textured silt and
clay that becames gravelly with depth and contains numerous oobbles and
boulders.

SURFICIAL MATERIAL UNITS
Buffalo Residam

Yellow-brown to brownish-red cherty residuum, developed .from
weathering of Jefferson City-Cotter Dolomite, with minor
fraction developed fram Roubidoux Formation. Composed of
interbedded 1layers of silty clay, clayey silt, and chert.
Contains fram 5 to 35% chert fragments and minor amounts of
sandstone. Clay very sticky and plastic when moist. Residuum
thickness varies fram less than 1 foot to over 20 feet;
averages five feet. On broad hilltops residuum is covered by a
thin layer of loess, 1 foot, and a dense lag gravel up to 18
s e o inches thick, but on the narrow ridges erosion has removed the
loess and most of the lag gravel.

Bedrock
Ordovician

Sinkholes are uncammon and those that do form are usually
positioned on broad, gently rolling uplands.

St. Roberts Residam

Brown to reddish-brown, very cherty residuum developed from the

Roubidoux Formation and Gasconade Dolomite, and minor amounts

fram Jefferson City Dolamite. Composed of layers of chert and

sandstone interbedded with sandy clay and clayey sand.
S Contains 10% to 75% chert and sandstone fragments. Chert and
sandstone layers often 1 foot to 2 feet thick. Fine—grained
part of residuum oconsists of clayey sand and low-density,
blocky-structured, sandy to silty clay. Thickness ranges fram
1l foot to 25 feet but there are local areas over 100 feet
= thick. Sinkholes, losing streams, and extremely weathered
bedrock are cammon in the St. Roberts Residuum.

Losess

%i’iﬁ

Residuum
(o]
9
(]
(d

Bedrock
Ordovician
Ny

7 7 7 On the broad hilltops and prairie-like uplands St. Roberts
Residuum is often capped by a thin layer of loess, 1 foot, and
a dense, tightly-campacted layer of lag gravel 10 to 24 inches
thick. On the narrow ridges erosion has stripped off the loess
and lag gravel and mixed it with the stony colluvium.
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Potosi Residuum

Loess

Lag
Gravet
Residuum

0

o, ©

Bedrock
Cambria

o.y‘ O'O
©

CREDS
(4 OJO'-QQ

.

In the area of the field trip this unit is the most widespread
of the four surficial material units and also contains the most

rugged topography.

Dark red to reddish-brown cherty residuum. Developed fram
Eminence and Potosi Dolomites (Upper Cambrian). Residuum is
camposed of interbedded layers of reddish-stained chert and
quartz druse fragments, and clayey silt and silty clay.
Residuum contains 20% to 50% chert fragments. The clayey
portion of the residuum frequently develops a red, blocky
texture.

A thin layer of loess and a dense lag gravel may cap the Potosi
Residuum. The lag gravel is coamposed primarily of small (3/4
to 1 inch), red-stained pieces of chert and quartz.

Glades are common on hillslopes and ridge saddles. Boulders
from the Gunter Sandstone Member are frequently found scatter
over the surface and mixed with colluvium that forms from the
Potosi Residuum.

Vance Mountain Residum

Clayey
PE Rhyolite N

Brown to reddish~-brown stony residuum, developed as a
weathering product fram the disintegration of thyolitic-type

igneous rock.

Residuum is 1 to 5 feet thick and composed of clayey silt
containing up to 60% rhyolite fragments. .The clayey silt
portion of the residuum may have had a loess origin.

Vance Mountain Residuum is associated with isolated knobs of

. Precambrian rhyolitic rock. In places knobs are partially

buried by St. Roberts and Potosi Residuum.

Due to texture and susceptibility to weathering, the various
types of igneous rocks in Missouri will produce different types
of residuum.

Granitic rocks produce a very clayey residuum that frequently
contains an assortment of sand-size pieces of quartz, feldspar,
and pyroxene. Rhyolite has a very fine texture and breaks down
more slowly. The residuum will be clayey but will contain
numerous angular fragments of rhyolite.
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