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vertically into the underlying conduit system. All of these materials are commingled to 
yield the modern day cave sediment piles. As base levels are lowered, entire flow paths 
in karst are often abandoned resulting in higher elevation, dryer, ancestral cave passages. 
Once these passages are abandoned, the sediment deposits in them will not be exposed to 
erosive forces that might rework them. Cave sediments in abandoned passages preserve 
the final episode of deposition and have been found to span the time scale from the late 
Pliocene to the Present (Schmidt, 1982) 

The sources for clastic sediments in the fluviokarst carbonate aquifers found 
commonly in the eastern United States are shown in schematic form in Figure 1. This 
conceptual model is appropriate when a portion of the drainage basin lies on non-
carbonate rocks. Drainage basins such as this provide the following sources for clastic 
sediments. 

(i) The clastic load from allogenic surface basins carried into the karst aquifer by 
sinking streams. The character of these materials depends on the geology and relief of 
the allogenic drainage basins. In the eastern United States, the rocks underlying allogenic 
drainage basins are typically shales and sandstones. However, allogenic basins may 
contribute granitic or basaltic weathering products or indeed any rock material that 
happens to underlie the allogenic surface stream basins. Influxes of glacial till are 
common in some basins. Low relief basins may carry only fine silts and clays. High 
relief allogenic basins may carry loads of pebbles, cobbles and boulders. On those 
tributaries with no surface overflow routes, any and all clastic materials derived from the 
allogenic basins will ultimately be carried into the karst aquifer. In the case of sinking 
streams with no surface overflow routes, simple mass balance arguments demand that 
transported clastics must be carried through the karst aquifer. 

(ii) Soils and regolith from the karst surface flushed into sinkholes by storm runoff. 
Also carried underground would be glacial tills, volcanic ash, and any other movable 
material accumulated on the land surface. Sometimes these materials are injected 
directly into the karst aquifer through the open throat of the sinkhole. In other cases, the 
sediments are accumulated in the bottom of the sinkhole and then are released abruptly to 
the subsurface through piping failures. These materials may or may not be distinct from 
the allogenic sediments depending on the contrast between the regolith on the carbonate 
rocks compared with the regolith on the non-carbonate rocks of the allogenic catchments.  
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Figure 1. Profile sketch showing various sediment inputs to a fluviokarst aquifer representative of many of the 
karst areas of the eastern United States.   





 

 

 

 

 

 

 

 

 

Flow sheet for sediment budget within a karst aquifer. 

runoff into sinkholes, Sd is the sediment settling into the conduit system through 
w s

quantity of sediment either deposited in storage or removed from storage. Of importance 
is the storage term. The net storage averaged over long periods of time must satisfy the 
relation 

0 (2)sS
t

∂⎡ ⎤ ≤⎢ ⎥∂⎣ ⎦
 

If the net change of sediment in storage does not satisfy equation (2), the conduit system 
will ultimately clog up, thus blocking the high capacity ground water flow path, and 
allogenic recharge will be forced back onto surface routes. 

Karst spring hydrographs have a range of responses from those with little or no 
response to storms to extremely flashy responses with storm flows increased by a factor 
of 100 over base flows. The flashiness of the response depends on the degree of 
development of the conduit system and on the fraction of allogenic recharge in the 
drainage basin. Flashy drainage systems are generally more effective at clastic sediment 
transport. 
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3.3 Importance of Storm Flow 

Figure 2. 
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fractures, S  is the weathering residuum from dissolution of carbonate rocks and S  is the 





 

sedimentary sequence depends on available source material so the contrast between  
 

 

 

 

 

 

 

 

 

 

 
Figure 3. 

facies types may be indistinct if a range of source materials is not present. The facies 
types are sketched in Figure 3 to show the populations as completely distinct in order to 
locate them on the diagram. For most real sedimentary deposits, the facies types would 
be less distinct and probably overlap. 

The channel facies represent sediments that have been sorted or partially sorted by 
transport along the conduit. They make up the bulk of the clastic sediments found in 
cave passages. When seen in stratigraphic section, channel facies are found to consist of 
distinct beds of silts, sands, and gravels. These materials are often well-sorted within a 
given bed but bed lithology changes rapidly along the stratigraphic section. A typical 

The 3-meter passage is filled to the roof with bedded sands and gravels which result 
from various flow conditions at a time when the passage was an active streamway. 
Channel facies represent a diverse collection of materials that could easily be subdivided 
into various subfacies as needed to describe specific sites. Because the detailed 
characteristics of the sediments depend on both flow regime and source materials, it does 
not seem useful to make further generic subdivisions of the facies. 
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4.3 Channel Facies 

of sorting as indicated schematically in Figure 3. The actual content of any given 
The distinction between the facies is mainly made on particle size and on the degree

“stratigraphy” is illustrated with a drawing from Davies and Chao’ s (1959) report (Fig. 4) 

Schematic representation of sediment facies in terms of sorting and particle size. 



 

 

 

 

 

 

 

 

 

 

 

Channel facies sediments are transported mainly as bedload. The varying particle 
sizes found from bed to bed appear to represent different flow regimes. The ability of 
any given flow regime to transport sediment is determined by the boundary shear 
between the moving water and the movable sediment bed. The boundary shear is related 

21 (3)
8

fvτ ρ=  

where τ is the boundary shear in Nm−2, ρ is the density of the fluid in kgm−3, f is a 
dimensionless friction factor, and v is the water velocity at the boundary in msec−1

critical boundary shear necessary to move particles of a given size has been determined 
experimentally for a great variety of particles (Vannoni, 1977). For the particle size 
range from 0.5 to 100 mm, the data can be fitted approximately by least squares 
regression to the empirical equation 

0.067 (4)c Dτ =  

8  R. F. BOSCH and W. B. WHITE

’

to flow velocity through Newton’ s stress law: 

1.08
50

Rose s Pass, Mammoth Cave, Kentucky.  From Davies and Chao (1959). 

. The 

Figure 4. A representative cross-section of channel facies sediment. The Chaperon, a filled side passage on 
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Figure 5. 

  and Burns (1964). 

R. F. BOSCH and W. B. WHITE

Map of Columbian Avenue, Flint Ridge section of Mammoth Cave showing location of sediment pits. 
Underlined numbers are elevations in meters above pool stage of Green River. Base map adapted from Brucker  



Kentucky showing lithologic characteristics of channel facies. Columns are keyed to core locations shown in 

Carwile and Hawkinson (1968). 
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Figure 6. Series of stratigraphic columns along Columbian Avenue, Flint Ridge section of Mammoth Cave

figure 7. Note the total column thickness; original columns were drawn to two different scales. Original data from 



 

passage, but these sections are not very useful for the interpretation of depositional 
processes. 

The karst aquifer of which the Mammoth Cave System is a part consists of a well-
defined set of ground water basins each of which has multiple inputs and all of which 
drain ultimately to springs on Green River (Quinlan and Ewers, 1989). One of the largest 
is the Turnhole Basin. The master trunk draining to the Turnhole Spring has an internal 
confluence of two very large tributaries known as Hawkins River and Logsdon River. 

These samples were sieved and distribution functions plotted (Fig. 8). Samples taken 
from the same tributary produced very similar distribution functions. Comparison 
between the two tributaries shows that the sediments being transported down the two 
“rivers” are dramatically different in spite of the similar hydrogeologic setting. 

Logsdon River has been explored upstream from the confluence for more than seven 
kilometers. It more or less parallels the escarpment at the southern edge of the Mammoth 
Cave Plateau and is a master drain for the karst as far northeast as Roppel Cave. It is 
known to receive recharge from valley drains and vertical shafts and also from the 
sinking streams and sinkhole inputs on the Sinkhole Plain to the southeast. The Logsdon 

than the smallest sieve size used. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cave, Kentucky. The PVC pipe is a test well used for hydrologic measurements.  
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Mammoth Cave: Logsdon/Hawkins River 5.1.2 

Stream sediments were sampled at several points upstream from the confluence (Fig. 7). 

River sediments are mainly silts and fine sands with 40 – 60% of the material smaller 

R. F. BOSCH and W. B. WHITE

Figure 7. Sketch showing sampling locations at the confluence of Logsdon River and Hawkins River, Mammoth 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

= site 5; open circles = site 4. Hawkins River: solid square = site 2; triangles = site 3.  

The ultimate source of Hawkins River is not known because the main river sumps a 
short distance upstream from the confluence. The Hawkins River sediments are more 
uniformly distributed over the range of silt to gravel with less than 10% of the material 
smaller than the smallest sieve size used. 

The contrast between the two tributaries could be a matter of provenance, a contrast 
between sediment derived from the Plateau compared to sediment derived from the 
Sinkhole Plain. It would also be a matter of transport with Hawkins River being the 
higher energy stream. 

Rock Spring, Centre County, Pennsylvania, is the drain for a 14.2 km2 ground water 
basin. The basin is elongate along the trend of the Appalachian folding. Roughly one 
third of the basin is in folded Ordovician limestones; the remainder is underlain by 
Orodvician and Silurian shales and sandstones that make up Tussey Mountain which 
trends northeast-southwest along the trend of the Appalachian folding. More than 50% of 
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5.1.3 Rock Spring 

Figure 8. Particle size distribution in Hawkins and Logsdon Rivers. Logsdon River: diamonds = site 1; asterisks 



 

the recharge is mountain runoff that sinks in a series of swallets along the flank of the 
mountain. The master conduit that feeds the spring is developed parallel to strike and 
thus parallel to the mountain. Rock Spring has been used as a test site for a variety of 
karst water investigations. See Jacobson and Langmuir (1974) for a more detailed 
description. 

The conduit that feeds Rock Spring is entirely in the phreatic zone. It has been 
explored by SCUBA diving for roughly 400 meters. The conduit carries a flux of clastic 
sediments. The diver reports a lift tube where the flow rises about 4 meters up a slope. 
Channel facies sediments collected from bottom and top of the lift tube were dried and 
sieved. The resulting grain size distribution (Fig. 9) reveals little difference between the 
bottom and the top of the tube. These sediments are being swept down the conduit by 
pipe flow and quite clearly follow undulations in the pipe. 

Tytoona Cave, Blair County, Pennsylvania provides an example of thalweg facies. 
Tytoona Cave is a segment of trunk passage carrying an active stream that drains a 
substantial portion of Sinking Valley (Fig. 10). The cave is subject to flooding. The 
stream flows in a wide, shallow channel with an armoring of gravel sized sandstone and 
siltstone derived from the Silurian clastics that make up the ridges bounding Sinking 
Valley. Surface runoff from the ridges carries the clastic material into the karst drainage 
system. 
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5.2 Thalweg Facies 

5.2.1 Tytoona Cave  

R. F. BOSCH and W. B. WHITE

Figure 9. Grain size distribution in feeder conduit of Rock Spring. Diamonds: bottom of lift tube; squares: top  
of lift tube.  



 

 

 

 

 

 

 

 

 

 

The streambed in Tytoona Cave consists of winnowed gravels at the surface. This 
surface layer is generally about the thickness of the diameter of the largest grain size 
represented. Near the cave entrance, the largest particles are cobbles and boulders, some 
as large as 40 cm in diameter. Qualitatively, the armor layer exhibited a fining trend 
downstream to a largest gravel size of 7 cm just upstream from a pool and low ceiling 
reach known as the “duckunder”. Downstream from the duckunder are gravels with 
particles as large as 13 cm. These fine downstream to about 2.5 cm just upstream from 
the terminal sump. Beneath the winnowed cobble layer is a deposit generally consisting 
of sands mixed with gravels. Grain sizes beneath the winnowed layer are finer than the 
armor layer and also appear to exhibit a downstream fining trend. 

Sediment samples were collected from Tytoona Cave with sampling sites spaced at 
about 30 m intervals (sample sites are shown by number on Figure 10). Two samples 
were taken at each site using a shovel. The first sample was taken from the well-
winnowed armor layer. The second sample came from directly below the first. These 
were collected to a depth of about 7.5 cm below the bottom of the first sample. Both sets 
of samples were dried, sieved, and the particle size distribution plotted (Fig. 11-a,b). The 
sediments sampled from below the armor layer did indeed show a general downstream 
fining trend. The winnowed armor layer shows a much narrower distribution of sizes 

grains. Unfortunately, the accessible segment of Tytoona Cave is only a small fraction of 
the total conduit so that particle size distributions along the entire drainage channel 
cannot be determined. 

The Butler Cave-Sinking Creek System, Bath County, Virginia (White and Hess, 
1982) is developed with a master trunk passage along the axis of a syncline. Tributary 
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5.2.2 Butler Cave 

Figure 10. Map of Tytoona Cave, Blair County, Pennsylvania showing sample locations. 

than the underlying material. The thalweg facies consists entirely of coarse (8 – 32 mm) 



 

 

 

 

 

 

 

 

 

 

Figure 11. Thalweg facies in Tytoona Cave. (a) Armor layer making up the surface of the stream bed 
sediments. (b) Sediment lying directly below surface layer. There is both a surface and a subsurface 
distribution for each sample site. These are keyed to the site numbers shown on figure 10: diamonds = site 1; 
solid squares = site 2; triangles = site 3; open circles = site 4; asterisks = site 5; solid circles = site 6.  

passages are developed along the flank of the syncline. These serve as inlets for clastic 
sediments flushed down the sides of Jack Mountain into a set of swallets. As a result, the 
trunk passage contains extensive beds of sand, gravel, and sandstone cobbles. The 
central portion of the trunk passage presently acts as an overflow channel and carries 
water only during flood events. Flood flow is injected from the flanks of Jack Mountain at 
high velocities, and as a result the thalweg facies is very well winnowed with only the 
coarsest cobble material remaining. The photograph (Fig. 12) was taken in the trunk 
channel near Sand Canyon (map in White and Hess, 1982) at a location where there are  
no nearby inlet points. The coarse material is mainly sandstone cobbles which have been 
carried down the low gradient trunk channel. 

Most caves that contain clastic sediments contain slackwater facies. The slackwater 
facies material consists of the layer of clay or perhaps clay and silt that makes up the 
topmost layer of the sediment. Caves subject to flooding collect a layer of slackwater 
facies every time the cave fills with water. 

Mammoth Cave provides excellent exposures of slackwater facies (Fig. 4). At the 
tops of most sediment piles is a layer, seldom more than a few cm thick, of thinly layer 
clay and very fine silt. Some of these sedimentary layers are varved, apparently 
representing an annual cycle of flooding with the rise and fall of the ancestral Green 
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5.3 Slackwater Facies 

5.3.1 Mammoth Cave 

R. F. BOSCH and W. B. WHITE



 

River. X-ray examination of the material reveals mainly quartz. Clay minerals are a 
relatively minor component. 

Diamicton facies, by their nature, do not lend themselves to direct observation. 
There may be one example known from anecdotal evidence, that of Mystic Cave, 

3

communication). Mystic Cave consists of a single conduit with a small surface stream 
sinking at one end, flowing through the cave for roughly 1000 meters to emerge at a 
spring. A tributary stream enters the cave about two-thirds of the distance downstream. 
The mass of material torn loose during the storm was flushed through the cave as a single 
debris flow. Later, masses of unsorted clastic material ranging from clays to cobbles 
were found piled on flowstone and wedged in crevices, very much like the diamicton 
facies. The characteristic of the diamicton facies is that entire sediment piles are 
mobilized and move as a single debris flow. In this particular example, the November, 
1985 storm was calculated to have a greater than 500 year return period in the Potomac 
River Valley of Pendleton County. Diamicton facies appear to record rare events in the 
cave depositional history. 

 

 

 

 

 

 

 

 

 

 

 

 Figure 12. Photo of thalweg facies in Butler Cave main stream channel. 
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5.4 Diamicton Facies 

5.4.1 Mystic Cave 

one of the cave’s entrances and flushed through the cave (J.J. Van Gundy, personal 
et al., 1987) a mass of soil and regolith on the order of 1000 m  was torn from a field above 
Pendleton County, West Virginia. During the great West Virginia flood of 1985 (Clark 



 

The Butler Cave - Sinking Creek System, Virginia, USA contains large deposits of 
what appear to be a diamiction facies, These occur in the tributary caves oriented down  
the flanks of the syncline (Hess and White, 1982; Chess et al., in preparation). These dip 
passages have a much steeper gradients than do most cave passages. The upstream ends  
of the tributaries are along the flanks of Jack Mountains, a quartzite capped ridge that  
is the source of much of the sediment. Although the updip ends of the passages are now 
occluded by breakdown and surface weathering material, it appears that the sediment was 
flushed into the passages from the mountain side. These deposits are plastered into 
recesses in the passages walls and fill side passages. The sediment is mostly sandtone. 
There is no evidence of bedding and no sorting. A completely chaotic mix of particle 
sizes ranges from sandstone clasts 10 to 20 cm across down to fine sand and clays (Fig. 
13). 

The distribution of sediment masses in the dip slope passages suggest a debris flow 
that swept down the passage under completely pipe-full conditions. Recesses and side 
passages served to break the dynamics of the flow and thus trap localized masses of 
sediment. It is suspected, although not proven, that the initiation and transport of the 
diamicton flows was related to climatic conditions much wetter than presently occur in 
this part of Virginia. 
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5.4.2 Butler Cave 

Figure 13. Photo of diamiction facies. Dave’s Gallery in Butler Cave.  

R. F. BOSCH and W. B. WHITE




