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ABSTRACT

The purpose of this study was to map the structure
of the Serpent Mound Cryptoexplosion Structure and to

study the related mineralization.

Detailed mapping hA;.shoun that the Serpent Mound
Cryptoexplosion Structure can be divided into three struc-
tqral units: 1) A central, elevated area of radiating
antiglines cut by high angle faults, 2) A peripheral,
depfessed outer ring of synclines cut by high angle faults,
and 3) an intermediate ring area of folded and faulted,
vertical;'tectonic displacements less than the central
elevated area or outer depressed area. In the central
area'faul£s formed in the north area between the radial

anticlines while in the south and east 'sides, grabens formed.

Regional geophysical evidence indicates a specialized
site for the cryptoexplosion structure while on a local
scale, gravity anomalies are shown to be related to sur-~

face structures.

The mineralization is typidally of a Mississippi
Valley type, Sphalerite is the main mineral present but
a color variation is found in the samples. Paragenesis
of the mineralization indicates at least two deformations
occurred within the cryptoexplosion structure. Two genera-
"tions uwere depositeq after the first deformation and before
the second deformation. A third generation was deposited

after the second deformation.
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Both a meteorite and a gas explosioh can easily supply

the needed energy to create a crater this sizs.

A gas explosion hypothesis best explains the phenomena

at the Serpent Mound Cryptoexplosion Structure.
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- INTRODUCTION
In 1838 John Locke made a mention of deformed rocks

near Locust Grove, Ohio. "As we descended into the chan-
nel of Crooked Creek, I did not find as I has expected,
the great marl.stratum. Its place seems to be occupied

by thin layers of limegkpne. Although we travelled on
that level which should have presented us with the cliff
;imestone, yet we were surprised with its total disappear-
ance as we approached the spring, and in its place was
found the sandstons in large upturned and broken masses.

- In shbrf, it became evident that a region of no small ex-
tent had sunk down several hundreq feet, producing .faults,
dislocations and upturning of the layers of the rocks"
(Page 266). Locke's traverse into the Serpent Mound
strubture; the strﬁcture consiﬁered in this paper, uas
from the southeast. He entered the map area.just north

of Locust Grove. Locke noted that the structure near the
border of the thesis area was synclinal (Figures 1 and 2);
however he made no attempt to determine the nature and
extent of the structure, but proceeded north to the Fort
Hill Indian works. .

In 1920 W, H. Bucher, then on the faculty of the
University of Cincinnati, mapped the above mentioned de-
formed rocks in southwsstern Ohio near the corners of
Adams, Highland, and Pike Counties in the vicinity of
the touns of Louden, Sinking Springs and Locust Grove

(Figure 1), Bucher (1921) compared this to the Steinheim
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nearly circular outline uith'a diameter appfoximately four
miles. It is typical of many such structures now knouwn
(Freeburg,.lgss) in thaﬁ it has a central uplift with in~-
tense structural deformation surrounded by a downward dis-
placed ring shaped belt of rocks. The formations mapped
by Bucher range from the upper Ordovician to lower Missis-
sippian., The structural map by Bucher (Figure 3) indicates
intense deformation in a small central area with intensity
decreasing concentrically outward., In the central area the
Ordovician shales and limestones have been uplifted at
least 350 feet above their normal position, and in one
instance, Bucher found evidence of perhaps 900 to 950 feet
of uplift. He interpreted the vertical displacement to
"suggest that the cause was the driving force of an ex-=
plosion" (1936, Page 1062),

The central area has an éngular polygonal pattern
(Figure 3) as tﬁough "it had developed along preexisting
joint planes" (o.c. 1936, Page 1062). The joint system in

the area has a northeast and northuwest strike.

" The folds represeﬁted in Figure 3 have relatively
small amplitudes and as Bucher stated, in some areas re-
present a "sort of wrinkling" (o.c. 1936, Page 1062).
Steep dips and folds surround the central uplifted block,
Normal faults with nearly vertical planes separate the up-
lifted block from thg surrounding area. Thsre ars éaveral
lou displacement faults, some overturning, and some minor

overthrusting but they are local and negligible.
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As indicated by‘Bucher, the large peripheral blocks
sufrounding the central area dip inward and form a ring
depression. Faults generally define the boundaries of
the large blocks except on the northeast side where there
is a sharp flexure. Saveral marginal anticlines lie outside

the peripheral area; the largest is on the northeast side.

According to Bucher (1933), over 60 percent of the
surface of the cryptosxplosion structure exposes strata
that are moré than 100 feet below their original positions;
less than 30 percent lie within 100 feet of their original
Dositions; and less than 10 percent lie more than 100 feet

higher than they did originally.,

The absolute age of the Serpent Mound deformation
cannot be determined because there is no igneous ﬁaterial
present, The relative age of the structure lies some-
where between early Nissisgippian time and middle Pleis-
tocene, since undisturbed Illinoian glacial deposits lie
upon the northuest portion of the structure and early
Mississippian formations have been included in the de-

formation.

The cryptovolcanic origin has not been completely
accepted for there is no real proof of an internal ex-
plosion., Boon and Albritton (1936) first suggested this
resembled a meteoritic impact crater. According to Dietz

(1963) shatter cones that have been found in the central
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area indicats an intense shock loading far in excess of
any known volcanic forces., Their concentration in this
bull's eye of a cryptoexplosion structure indicates "a

highly localized ground zero" (Dietz, 1963, Page 661).

Coesite has been described by Cohen, Bunch, and
Reid (1961) from the central uplifted area of ihe Ser-
pent Mound Cryptoexplosion Structure. The material was
concentrated from the residue of a Wshatter cone that
weighed over tuwo pounds and was disolved in hydrochloric
) acid“ (o.c. Page 1624), Houever this occurance has not

been verified (Jenks, 1965).

Sappenfield (1950) found a pronounced brqad linear
positive vertical magnetic anomaly trending N 25°%y
through the structure (Figure 4). He ‘explained this
anomaly as perhap§ being caused by the intrusion of a

basic magma into the upper part of the siliceous basement.

A gravity survey of Ohio by Heishanen & Uotila (1956)
also shows a zone in N.E. Adams County with a N. W. trend
and.a somewhat smaller negative Bouger anomély than that
in the surrounding area (Figure 5). Zahn (1965) conduct-"
ed a gravity survey over the disturbance but found little
direct relationship between his survey and the boundary
marked by Bucher. Zahn's survey did show an increasing
negative anomaly toward the southuwest (Figure 6) and his
contour lines are remarkably similar in direction to

those of Sappenfield's.,
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Outside the structure Bouman (1961) a geologist
from the Plum Run Stone Division of Davon, Inc., has
found N.U..trending normal faults which strike in the

direction of the cryptoexplosion structure.

Galbraith (1968) mapped a northeast trending mono-
cline extending from near the southern border of Ghio
(near the West Hickman fault) through the Serpent Mound
'Cryptoexplosion Structure. The Serpent Mound structure
was found to lie near the east side (Figures 7 & 8) of the
monobline. Faulting was found outside the boundary of
thelcryptoexplosion structure to the northeast and

southuest.

Heyl and Brock (1962) describsd an occurence of
sphalerite, hydrciincite, and.smithsonite in the Green-
field Peebles dolbmite within the structure. The min-
eralization occurs on a low western trending hill just
off a touwnship road due west and about halfway out from
the central area. They reported that the sphalerite is
emplaced in a grey dolomite shatter breccia which was
fofmed by the same expiosion that formed the structure.
Recrystallization of the dolomite grains along the breéciat—
ed fragments cemented the breccia., The breccia was then
fractured a second time Forming small shear zones and
open fractures. The latter were filled with dolomite
and hydrocarbons., - Supergens alteration followed. They

believe the sphalerite to be the result of hypogene
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mineralization, The sphalerite itself is red to reddish
brown at the crystal's core surrounded by an orange col-

ored zone and a pale yellow rim.

More recently Reidel (1970) remapped the western
portion of the cryptoexplosion structure (Figures 2 & 9)
and attempted to determine, geochemically, the pattern
of heavy metal distribution in the soils in this aréa
(Heyl and Brock'!s occurence). He concluded that fault-
ing within the cryptoexplosion structure is responsible
for the localizing of the sphalerite ana that the Green-
field, Peebles, and Tymochtee dolomites are the most

favorable host rocks.

Stryker (1971) remapped a portion of the northern
boundary of the Serpent Mound Stfucture, (Figures 2 & 10).
He attempted to determine the northern extent of minerali-
zation by the same method as Reidel., Stryker also con- |
tluded tﬁat the mineralization in this northern portion
of the structure was controlled by faulting and that tﬁé
Same rock units Reidel had found favorable, were also the

most favorable host rocks here.

Wachter (1971) (Figure 2) working on the southeast
border attempted to trace the mineralization just outside
the structure. He found an extension of the mineraliza-
tion; however, he did not reach any conclusions as to the

Controlling factors.
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PURPOSE OF STUDY
The purpose of this study is’to map in detail the
entire structure and its surroundings, and to study the
mineralization so that new information can be added to
that already assembled., Ultimately, this study will
attempt to present a detailed picture of the structure

and its related mineralization,

Bucher (1933) emphasized that his map (Figure 2)
was oniy a reconnaissance map and much detailed work had
to be done to determine the exact nature of the disturb-
ance. Detailed mapping of small areas in the structure
by Reidel (1970) and Stryker (1971) and the results of
tﬁeir work with the mineralization' indicated that a con-
tinuation of the work begun by them might add nsw infor-
mation which could, perhaps, ansuer many questions that
have been raiséd concerning the nature and origin of
this structure.

STRATIGRAPHY

The formations exposed in this study area range
frqp Ordovician through lower Mississippian in age
(Figure 11). The rocks consist of a sequence of car-
bonates, shales, and sandstones. There are no metamor-

Phic or igneous rocks exposed in the area.

In this section field and literature descriptions
of the stratigraphy are combined. Because of the poor

exDosurés and the highly disturbed nature of the rocks

a detailed study of the stratigraphy within the study area [
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is impossible, The dnly neu.stratigraphic information,
which will be considered later in the text, was derived
from drill.cores which gxtended from the Greenfield
Peebles dolomite to the upper Brassfield.

The upper Ordovician, Cincinnati Series rocks are
perhaps the oldest exposed in the area. Figure 12 shous
the most recent stratigraphic nomenclature used in the
Cincinnati area (Peck, 1966). The unit most commonly
seen in the cryptoexplosion structure is the Preachersville
member of the Drake formation., This consists of a greyish
green, #hin bedded, limy to dolomitic mudstone that be-
comes purple near the top (older name - Elkhorn) (Photo 2).
Thin lenées and irregular beds of dolomitic limestone
occﬁr thrpughout the fossiliferous unit. One of the
more interesting fossils reported is an Eucypterid zone
occuring not far below the cohtact with the Brassfield
limestone. Becéuse of the poor exposures of the Urdovi-.
cian beds in this area, the DOrdovician rocks have been
undifferentiated when mapped.

- The Brassfield limestone of early Silurian age lies
above the Ordovician. The contact (Photo 2) appears to
be conformable throughout the area. Galbraith (1966)
divided the Brassfield limestone into three parts. The
lower most part is a massive grey limestone. The middle
unit is a thin, uhite irregularly bedded limestone with
thin green shale or élay partings. The third part is a

thinly bedded, coarse, granular, bioclastic limestone
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Contact between the Preachersville member of
the Drakes formation(Ordovician) and the
Brassfield limestone(Silurian)., West of stud;

area on highway 73.
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uith.varying amount of hematitse.

Three core drill holes uere completed by Cominco
American in the cryptoexplosion structure during the sum-
mer of 1971. The cores are described in Figure 13 and
their locations can be found on the north central part
of Plate 1. The shallow wells averaged approximately 300
feet in depth and only penetrated doun to the middle and

upper parts of the Brassfield limestone.

In the cores the beds of the middle and upper Brass-
field contain a considerable amount of glauconite. The
glauconite occurs as small pellets resembling the glau-
conitic fecal pellets described by Van UWie (1971) and be=-
comes more concentrated near the contact with the overly-
ing Crab Orchard shale. The glauconite appears to be
oxidized in places and it is this oxidized glauconite
that could possibly have formed some of the hematite
which is so very common in the upper part of the Brass-
field, The green shale beds of the Brassfield vary in
thickness from one core to another,as can be seen in
cores C.A, 110 and C.A. 59,where the shale is more plen-
tiful than limestone. Although the full section is not
pPresent in the cores, the thickness is estimated to be
60 feet from exposures outside the structure.

The Crab Orchard shale conformably overlies the Brass-
field limestone and consists of 112 feet of alternating

green and red shale. Beds of finely laminated dolo-

mite several inches thick occur near the top while lensses
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and thin beds of limestonevand limy dolomite occur near

the base. A great amount of glauﬁonite, similar to that
described above, is found near the contact with the Brass-
field limestone. Near the Brassfield contact, the alter-
nating red-greenvlouef shale changes to a pistachio green,

yellow and yellou-red at the contact (Photo 3). Pyrite

and marcasite‘aré common throughout, but fossils are ex-

tremely rare.

fha Bisher dolomite overlies the Crab Orchard shale
with a sharp contact (Photo 4) and is a silty, fine~grain-
ed, grey to blue-grey dolomite that weathers to a character=-
istic reddish-brown color. Glauconite and pyrite are found
ﬁear the base., Pyrite usually occurs as cubic crystals
modified by octrahedrons. In core C.A. 59, pyrite can be
found along fractures near the base. Vugs are uncommon
but those tha£ did exist are now filled with calcite that
often fluoresces blue or yeilou under ultraviolet iight.
Within the calcite, doubly terminated, euhedral crystals
of quartz are quite common (Photo 5). Fossils are abun-
dant throughout the dolomite Eut are especially common
inytha thin white porous limestone bands. The brachio-
poa, Cryptothyrella cylindrica, is a prominent marker
several feet above the Crab Orchard contact. Individual
beds vary in thickness from 2 to 8 feet. The Bisher
dolomite is approximately 45 feet thick in the study

area, °



PHOTO 3
The comtact between the Brassfield limestone

and the Crab Orchard shale.(from well core CA 59)

PHOTO 4 .
The contact between the Crab Orchard shale and
the Lilley Bisher dolomite.(south of location

39,Appendix IV)



PHOTO S5
A vug in the Bisher dolomite that has been filled
by calcite.The calcite has a core of euhedral

crystals of quartz.(near 43)

PHOTO 6

A quarry of Greenfield Peebles dolomite.(north of 23)
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The Lilley dolomite is a grey, fossilliferous, weak-
ly bedded dolomite that makes a gradational contact with
the Bisher dolomite. The Lilley becomes increasingly
silty and argillaceous as the top is neared.

In the field, the Lilley and Bisher dolomites ars
extremely difficult to differentiate so they have been
mapped in this study as one unit., To the south, the U.S.
G.S. maps them as only the Bisher formation. The total
measured thickness in the study area is 87 feet.

The Peebles formation is transitional with the
Lilley. Interfingering of the tuwo unifs can be seen
south  of the area, in the Plum Run quarry (Bouman et al.,
1961)., In the study area a distinct break from an argill-
aceous, extremely silty, dark grey dolomite to a relatively
pure, white to tan dolomite marks fhe contact. This is
easily recognized in the field because the argiliaceous
silty dolomite of the Lilley erodes more rapidly than the
Peebles dolomite. The Peebles dolomite is a maséive, me-
dium to coarse grained, white to tan reef dolomite (Photo 6).
It is a very pure dolomite that contains numerous vugs and
hores which are commonly filled with asphalt, The dolomite
is ‘so porous that euhedral, rombic crystals of dolomite are
quite common throughout the rock, and when a section of
dolomite core is immersed in water, it will absorb the water
like a sponge., Asphalt is common in the pores as well as
vugs, Calcite, quartz, pyrite, marcasite and sphalerite are

Seen throughout the formation, Fossils are common,
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but their preservatidn is quite poor, fhe Peebles forma-
tidn is 50 to.60 feet thick but can reach a thickness of
100 fest. Bedding in this unit can rarely be seen in the

field.

The Greenfield dolomite unconformably overlies tha
Peebles dolomite with pockéts of clayey material marking
this unconformity. The Greenfield dolomite is a tan,
well bedded dolomite. The bedding is of medium thickness
and exhibits.small scale crossbedding. Megaripples are
seen in the formation within the study. area. \ugs are
common, but the dolomite is not as coarse grained as the

Pegbles formation.,

The Tymochtee formation conformably overlies the
Greenfield formation. The Tymochtee~Greenfield contact
is an arbitrary one set at the top of the Greenfield
dolomite where a thick bed'diSplays contorted primary
structure (Bouman et al., 1961)., The Tymochtee forma-
tion is a thin bedded, blue-grey dolomite with a fine
grain, dense texture. Bedding is distinct with argill-

aceous partings and carbonaceous laminee.

The Greenfield and Tymochtee formations comprise
the Bass Island Group. The thickness of each formation
is unknown in southern Ohio, due to the erosion of the
Silurién before the advance of the Devonian sea, however,
the approximate thickness of the Bass Island Group in

southern Ohio is 45 feet.
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" The Peebles, Greenfield, and Tymochtee formations
are difficult to differentiate in the field; conseguent-
ly they have been mapped as one unit in‘this study.
Their total thickness is estimated to be between 110

feet and 150 feet.

The Devonian, Ohio Black shale lies unconformably
above the Silurian, Tymochtee formation. The contact is
everywhere uneven and an irregularly occuring sandstone
called'the Hillsboro sandstone, occasionally outcrops
near the contact. One to five feet of Olentangy shale
may be present at the base of the Ohio Black Shale;
siderite nodules (Photo 7) occur ranging in size from
6’inches to 2 feet in diémeter, some having a core of
calcite and pyrite., There is a "lag" deposit that con-
tains abundant.fish fragments and sulfide minerals at
the contact. The thickness is almost 260 feet in the

study area.

A sharp color break marks the contact between the
Devonian Ohio Black shale and the Mississippian Bedford
shale., The change is from the uniform texture and black
color of the Dhio Black shale to the non uniform texture
and blue to blue-green color of the Bedford shale, The
Bedford shale is an argillaceous shale with increasing
amounts of thin ripple marked sandstones toward the top.
Its thickness is, from 90 to 95 feet and is rarely ex-

posed in the arsa.



PHOTO 7

The Ohio Black shale with siderite nodules at

the base.(north of structure on rt. 41)



-33-

The Berea sandstone overlies the Bedford shale and
makes a distiﬁct contact in the study area. The Berea sand-
stone is a moderately coarse grey sandstone Uith occasional
thin shale partings and ripple marks. Beds are of medium
thickness and show crossbedding,

The Berea sandstone is conformably overlain'by the
Sunbury shale making a distinct contact in the area. The
Sunbury shale is a fissile, black shale, and on cloSe'ex-
amination it resembles the Ohio Black shale. The Sunbury
shale is very carbonaceous and is 12 feet thick in the
map area. The upper part is frequently more argillaceous
than the lower part.

The Cuyahoga formation is the youngest Paleozoic
formation exposed in the area. It consists of a series
of sandstones and shales but because of their poor ex-
posure, only the Henely shale and Buena Vista sandstone
‘will be briefly described.

The Henely shale member overlies the Sunbury shale
and is apparently separated from the Sunbury on the basis
of color and textural change. The Henely is an alternat-
ing red and grey shale near the top, while at the base,
it is an argillaceous, slightly gritty shale., Its thick-
Ness is about 12 feet.

The Hensly shale is overlain by the Buena Vista sand-
Stone member and makes a distinct contact. The Buena
Vista sandstone is approximately 70 fest thick. It is a
Moderately coarse, buff, massive sandstone and is exposed

in the map area as a single bed or as two beds.
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DESCRIPTION OF THE STRUCTURE

(a) Procedure |

Prior to commencing field uork; a preliminary topo-
graphic base map of the cryptoexplosion structure uas pre-
pared from three United States Geological Survey topo-
graphic quadrangles; the Bainbridge, Seaman and Peebles -
7% minute sheets, Mapping was carried out on ueekends,
vacations and during the summers of 1969, 1970, and 1971,
An estimated time of over six months was spent in the field
collecting data to prepare the geologic map, Plate I. Be-
cause of the reduced scale of the base map 1.5 inches to
1000 feet, severzl minor structures do not appear on
ﬁlate I. The major structures of -the mapped area which
are considered in the remainder of the text, can easily
be found on Plate I, the geologic map, by referring to
the numbered index map for Plate I. The numbered index
map is in Appendix IV,
(b) General

The Serpent Mound Cryptoexplosion Structure is nearly
Circular in plan view with a diameter that varies betuween
4% and 5 miles in length. Thé structure is elongated in a
north-south d;rection and has an area of approximately 16
Square miles. As Photo 1 shous,.it stands topographically
above the surrounding countryside.

The Serpent Mound disturbance can be divided into three
structlral units (Plate I) as follows: 1) a central, circular

elevated area of radiating anticlines but by high-angled faults,
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2) a peripheral, depressed outer ring 6F synclines cut
by.high-angled Faults,‘and 3) an intermediate ring area
of folded and faulted, vertical tectonic displacements
less than the central elevated area or the outer depress-
ed. area.
c) The Central Area

The central area is characterized by uplifted and
faulted Silurian and Ordovician rocks that have beén fold-
ed into seven centrally radiating anticlines. The seven
radiating anticlines are the predominate structural fea-
tures and make the map pattern of the central area appear
similar in outline to a starfish with seven arms (Plate I).

The northernmost anticline of the seven radial anti-
clines (Appendix IV, Location l) is asymetric and over-
turned to the east (Plate 2, Section EE'). The western
limb of this anticline has comparatively gentle dips, 25°
to 50° to the vest, while the eastern limb is overturned,
and in éome cases, dips 50° to the west., The most intense
Overturning is in the southernﬁost part of the fold., To-
Qard the north from this locale, the overturning becomes
Pgogressively less until the altitudes approach horizonal
at the extreme northern limit of the fold.

The second of the centrally radiating anticlines is
the most open fold of the group. It can be located on
Plate I by pfocaeding counterclockuise from Location 1
to Location 2 on the index map (Appendix IV, Location 2),

This fold, like the first of the seven anticlines, is
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asymmetric with the steepest dips on the east limb (Plate 2,
Section EE'); however, this second anticline is not over-
turned, |

Continuing counterclockwise around the seven centrally
radiating anticlines, that is from the second to the third
anticline (Appendix IV, Location 3), the third, or western
radiating anticline, has an undulating axial line that is
Clearly delineated along the trace as small domes, basins,
and a plunging nose (Plate 2, Section AA) (Photos 8 and 9),
As in the northern anticline (Appendix IV, Location 1),
the steepest dips of the western radiating anticline are
Near the central part of the cryptoexplosion structure area,
while dips become.more gentle toward the periphery of the
Major structure. The trace of the axial surface is straight
Near the center of the central area and then curves to the
Northuest away from this center.

Continuing counterclockuise around the central area,
the foufth of the seven radiating anticlines, the south-
uest anticline (Appendix IV, Lneation 4), is folded in
§ueh a way that it is actually two anticlines ssparated
byva minor, intermediate syncline (Figure 14). The limbs

are Brassfield limestone while in the center, the upper

Ordovician Shale

E
Brassfield Limestone

Figure 14 Southuest radial anticline (Appendix IV,

Location 4)



PHOTO 8

Oblique air photograph of the west side of

the Serpent Mound Cryptoexplosion showing

the west radial anticline and middle ring fault




PHOTO 9 _
Morphologic expression of the west radial

anticline (looking north)
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Ordovician shales have been tectonically intruded into
the trough of the syncline; éccordingly, at this locali-
ty, the Ordovician shales ouérlie the Silurian limestone.
This double anticline ié asymmetric, with the steepest
dips on the east limb. The southwest anticline is not

as simple as Figure 14 would indicate since the east limb
has been cut off by a fault south of the locale from
which Figure 14 was drawn (Figure 15).

Brassfield Limestone

W E
Southern
Graben
(Location 9)
Ordovician Shale
Figure 15 South of Figure 14

The fifth, and southernmost of the seven radiating
anticlines of the central area (Appendix IV, Location 5)
is very small, This structure has a large part of both
limbs cut of f by high angled faults, giving the anticline

the appearance of a horst block.

The sixth and largest of the radiating anticlines
(Appendix IV, Location 6) has a length of over 1% miles.
Thi:s fold is characterized by a vertically unduiating axial
line., The trend of the axial line also changes signifi-
cantly from the southsast, tq.east, and then to the south-
€ast again. The dips of the limbs of this anticline, like
the dips of several pf the other radiating anticlines, are

highest toward thes center of the central area and decrease

\



toward the periphery.

The seventh anticline (Appendix IV, Location 7), has
a northeast trend and rélatively symmetrical limbs. The
sﬁructure becomes a dome at its farthest extension to-
wards the center of the central area., The dome is separat-
ed from the main body of the anticline by a high angle
fault, and in addition, several northeast and southuwest
striking faults cut the anticline. The dome is quite com-
plex and many small drag folds are developed along and

near the faulted borders (see Photo 10).

High angle faults and grabens are the dominant struc-
tures that separate the seven radiating anticlines of the
central area. The faults are located primarily on the
western and northern parts of the central area while
there are six grabens on the east and south parts of the

central area.

The simplest graben is on the northuest side of the
central area (Appendix IV, Location 8) between the north-
Ues£ radial anticline (Appendix IV, Location 2) and the
northern radial anticline (Appendix IV, Location 1) (see
Section EE'). A slice of Greenfield Peebles dolomites
has been caught between the ;nticlines during their up-
ward movement. This actually is a faulted limb of the

north radial anticline.

Due south of the central area is an intensely folded
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PHOTO 10

Drag fold on the northeast radial anticline,
To the south the bedding is vertical,Adjacent

to this on the south is a minor syncline,
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and faulted graben (Appendix IV, Location 9) (see Plate 2,
Section FF'). This graben is a synclinorium uitﬂ many
small, faulted isoclinal folds. The depth to which these
folds extend is unknouwn and have, therefore, been idealiz-
ed in Section FF', The southward plunging anticline of
Figure 14 marks the northern boundary of this graben. This
apparently indicates that lateral movement from the cen-

tral area was important in the formation of these folds,

East of this graben is another graben (Appendix 1V,
Location 10) that exposes Greenfield Peebles dolomite on
the surface., This appears to have little deformation.
The rocks dip to the northeast, housver, the exposed
stratagraphic section is too thick and therefore the

graben is interpreted to have several unexpdsed faults,

The fourth graben (Appendix IV, Location 11) is south-
east of the central area., The beds have been overturned
near the center of the central uplift. The ovefturning
is apparently the result of underthrusting from the central
area causing those formations above the Crab Orchard shale
to slide over those below, using the shale as a slide

pPlane. The dashed lines show an idealized profile of

the resulting structure.

The graben with the most intense deformation is locat-
ed east of the central area (Appendix IV, Location 12),
(Plate 2, Sections AA' and CC'). The structure sections

are a generalization of a more complex structure. The
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graben is an overturned fold that has been faulted by

normal and reverse faults., (see Figure 16).

Figure 16 Generalized reconstruction of the formation

of the east central graben.
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This fold is similar to the folds of the south central
graben (Appendix IV, Location 9) except major high angle
faulting has completely broken the éast one while the
south one is more intact and there is no ovérturning.

On the northernmost part of this graben (Appendix IV,
Location 12) is another of Greenfield Peebles dolomite
(Appendix IV, Location 13). This is small and most like-
ly represents a splinter of dolomite caught up in the
folding and faulting.

The central uplift area, in summary, is characteriz-~
ed by seven radial anticlines with grabens between them
on the south, southeast, and sast, and faults on the uwest
énd north sides. The one exception is the small graben
on the northwest side, There is a definite pattern of
overturning to the east and south. This overturning is
clearly delinéated by the grabens and the major radial
anticlines. When overturniné is not present, there may
only be asymmetry in a fold with the steepest limb on the
east side.

The starfish shaped pattern of the central ﬁplift is
Sipilar to the pattern obtained by pulling a piece of
cloth through a small hole, in other words, a pattern of
Compression and shorting. The deformation of the central
area was asymmetrical with grabsns forming where deforma-
tion was greatest and simple faulting where deformation
Vas ledst,

The greatest amount of uplift described by Bucher
(1936, Page 1062) is 950 feet. This was based on some

"typically Eden fossils" from the southwest anticline
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(Appendix IV, Location 4, but these were not in placs.
They were found in a rock pile (1933, Page 76). A speci-
men of the fossile ﬂeroprinus was collected in the
central area by fr. Tom Weaver (personal communication).
Merocrinus is found within a 20 feet range in the Point
Pleasant formation of upper middle Ordovician, conse-

quently the uplift may be at least 1000 feet.

(d) Outer Downdropped Ring

The outer downdropped ring is characterized by a -
series of curved synclines and basins that rim the peri-
pheral boundary of the cryptoexplosion structure. FMissis-
sippian rocks, the youngest lithified rocks in the area,
are exposed in these synclines. The synclines on the east

side are more continuous than those on the west side.

The largest and most continuous syncline is on the
past side (Appendix IV, Location 14 and 15). This struc-
ture is bisected by a small anticline in the locality
due east (Appendix IV, Locality 16) of the central area
(Plate 2, Section AA' and 00'). Here folding has brought
up Greenfield Peebles aolomite in the core of a minor
asymmetrical anticline (Plate 2, Section 00') whose east

side has the steepest dips.

There are two small basins in the outer downdropped
ring, one is north northuest.of the central area (Appendix
1V, Location 17) and one is southeast of the central area
(Appendix IV, Location.18). The deepest of these is

the southeast basin (Appendix IV, Location 18) and has
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a stratigraphic throw of more than 800 feet. The largest
syncline west of the central area is on the northuest side
(Appendix IV, Location 19). This structure is somewhat
similar to the large syncline on the east; however fault-
ing and minor folding is much more common. Just as on the
east side, there is a very prominent anticline (Appendix
IV, Location 20) with a core of Greenfield Peebles dolo-
mite,

The similarity with the east ends on the southuest
rim, The southuest sector of the outer peripheral area
has not been doundropped as much as that on the east, how-
ever it is structurally much more complex. The southuest
area is also synclinal, but there is more faulting,
especially due west of the central area. Serpent Mound
State Park lies in this most unusdal area., The syncline
is not continuocus but broken into two- separate parts
(Appendix IV, Locations Zl'and 22). The south one (Loca-
tion 21) is exposed along the cliff at Serpent Mound Park,
This is a low amplitude fold and dies out to the east.

The north-south trending one (Location 22) is similar
but exposures are poor and it dies out to the south.

’ On the southern border of the cryptoexplosion struct-
ure is a small, asymmetrical syncline (Appendix IV, Loca-
tion 23) wuwith faulted ends. It is similar to those on
the northuest (Location 19) and east (Locations 14 and 15)
sides,

Tuo areas of little tectonic movement are located on



-4

the north border of ths peripheral area (Appendix IV,
Location 24) and on the south border (Appendix IV, Loca-
tion 25). Bucher (19356) described the southern locality
(Location 25) as continuous uith the undeformed rocks
outside of the cryptoexplosion structure and also as a
significant interruption in the peripheral ring graben. .
Detailed field mapping has revealed that this interpre-
tation should be modified. There is no interruption in
the pefipheral ring graben at this locality. The outer
ring is separated from the country rock outside the cryp-
toexplosion structure by a well defined fault (Appendix
IV, Locality 25).

| Due north of the central area is the second unin-
terrupted area described by Bucher (1936) (Appendix IV,
Location 24). This area has been faulted on both east
and uwest sideé, forming a horst, however, the south end
of the horst is folded dounﬁard, and in this sense, it is
continucus with the undisturbed rock outside the cryp-
toexplosion structure.

The peripheral outer doundropped ring, in essence,
ansists of a series of curved synclines that have been
separated to the north and south by basins. The east side
of tha paripheral ring is rather homogeneous wvhile the
west side consists of two distinct parts: a northuest
. side similar to the east side and a southwest side that
has a comparatively low stratigraphic throuw. The west side

of the peripheral ring is faulted and folded more complexly
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than the east side.

(e) The Middle Ring Area

The middle ring area is generally a transitional
area between the central uplifted area and the outer douwn-
dropped ring graben. It is an area of folds and faults
with concentric and radial'patterns. To the south, south-
west and west of the central area is a long curving fault
(Appendix IV, Location 26a and 26b) which marks the boundary
between the Eentral uplifted area and the downdropped ring
area in this sector. The east and north sides are doun-
dropped while the south and west sides are uplifted, the
reverse of what would be expected from comparison with
other middle area boundary faults from similar structurss
like Crooked Creek, Missouri (Snyder et al.,, 1965) (Page
36). This fault could possibly link with a poorly ex-—
posed fault (Ahpendix IV, Location 27) along the north
boundary of the central uplifted area. The northern faults
(Location 27) south side is uplifted and north downdropped,
the opposite of the western fault's (Locations 26a and 26b)
pattern. Northuwest of the central area and cut by this
northern fault is a dome (Appendix IV, Location 28)
(Section BB') with Ordovician rocks brought up almost as
high as in the central area. This dome is a dominent
structural feature with an effective diameter of a mile.
Northeast of this dome and on the northeast side of the
north radial anticline (1) is another dome (Section FF?)

(AppendixIV, Location 29) that has been faulted on the
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south and east sides. South of the central area there

aré also some.domes. The most noticable dome is on ths
southuest side (Appendix IV, Location 30) séuth of the
southuest radial anticline (Location 4)., The Crab

Orchard shale marks the core. Betwueen this dome and the
southwest radial anticline is a fold (Appendix IV, Loca-
tion 31) wvhose axial plane has been folded possibly show-
ing two periods of deformation. The middle ring area
(Appendix IV, Location 40) to the northeast has under-

gone minor deformation. This area appears to be a saouth-
ward extension of the undeformed horst (Location 24). 1Its
width is much larger and spans from the east fault of the
undeformed horst to a major north-south fault (Appendix IV,
Location 32) on the east sidse of the north dome. The north
basin (Location 17) lies uithin.these boundaries. A feu
minor folds and some northuest faults mark the disturb-
ance in this section.,

In summary, the middle ring area is characterized by
folds and faults with concentrie and radial patterns that
Probably signify a damping of the central area folds.
There is a major fault rimming the uestern half of the
central area, possibly related to the same process that
caused eastward movement in the central area. The rest
of the middle ring area is relatively undisturbed except
for three domes and some minor folding and faulting.

(f) The Area Outside the Cryptoexplosion Structure

For the most part the area outside the cryptoexplosion
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structure is relatively undisturbed. Galbraith (1968)

mapped some northwest trending faults near the southeast

corner (Appendix IV, Location 33) of the structure (Plate 1).

Bucher (1933) also mapped some northuest trending faults

on the northwest side of the structure uwhich were con-

firmed by this study. There is a small flexture (Appendix IV,

Location 34) 1000 fset west of the western border resulting
from the downdropping of the outer ring., This flexture
is continuous along this border for quite some distance,
however to the north it becomes arched into an anticline
(Plate 2, Section CC!').
(g) Boundary of the Cryptoexplosion Structure

The boundary of the cryptoexplosion structure is
marked by faults except in four places. Alohg the north-
east side, there is an anticline (Appendix IV, Location 35)
mapped by Bucher (1933), over ones-half mile long dying out
to the north and faulted off to the south. The northern-
most interuption is the dolomite horst (Location 24) dis-
cussed before. The third interruption is on the west
side (36, Appendix IV). Just south of this, the normal
circular character of the border is broken by a north-
west trending fault (36). The fourth break in the struc- -
ture is on the east opposite the western interruption
(37, Appendix IV).
(h) stratigraphic Throu

Tﬁe amount of stratigraphic throw above, below, and

at its normal position was determined by constructing a



PHOTO 11
Sharp vertical fault contact from a well

core,The bedding is dipping ¢ 41



PHOTO 12

Fault contact between thé Bisher dolomite

and the Peebles dolomite along Purcel road
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structure contour mah of the Serpent Mound Cryptoexplosion
Strﬁcture (Appendix- III) and weighing the parts. Percent-
ages were determined ?rom the weights. The surface area
of the Brassfield limestone at its normal position is
19,5% while 71.4% is below and 9.1% is above. No volume
measurements were made for obvious reasons but it can be
reasonably estimated that more material is belou its nor-
mal position than above., These measurements compare
favorably to Bucher's (1933).
(i) Character of the Faulting

Practically all the faults that occur in the structure
are nbrmal faults with vertical or near vertical fault
planes. Exposures are poor throughout the area so the
exact attitudes of the fault planes uwere impossible to
measure, The contact betuween mogt fault blocks is easily
marked with most fault zones varying from a sharp contact
(Photo 11) to as much as several feet wide (Photo 12).
The vertical nature of many of the faults is seen in core
Ca 111 (Photo 11). This is a secondary fault associated
with a major one near the well hols. Fractures at an angle
of 300 to the horizontal are seen throughout the core and
could possibly represent a congugate fracture direction.
The major middle ring fault on the south and west sides
of the cryptoexplosion structure is exposed (Photo 12)
where Purcell Road (Appendix IV, Location 26b) crosses it.
This is one of the better exposures in the area. The fault

zone at this point is only several feet with a vertical
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component of net slip over 100 feet. This fault zone is
typical of the structure. The widest and most unusual
fault zone was described by Reidel (1970) along the sames
fault but northwest (Appendix IV, Location 26a) of the
Previous exposure. The width of this fault zone is mark-
ed by tuo isolated outcrops of Greenfield Peebles dolomite
west (Appendix IV, Location 38)) of the central area and
on either side of the fault. Here the fault zone is over
600 feet wide with a vertical displacement of only 400 ft,
These highly brecciated exposures are the result of drag
along the fault. North along this fault (Location 26a)
is.the same wide zone of intense brecciation. Not all the
faults are vertical however, as Sections AA' and CC' point
out., These nonvertical faults are in the east central
graben (12) where some of the most intense deformation
occured., These fault planes dip about 60° to the west,
They are a series of high anéle reverse and normal Faults
that break the graben into several horsts and grabens in

a manner already described (Figure 16).

Because of the lithologies involved, a very common
typg of fault is the bedding plane fault. The incompetent
natures of the Crab Orchard shale and the lower part of
the Ohio black shaie allowed the carbonate units to use
them as glide planes. The disharmonic fold of Section CC!
is an sxcellent example of this. The bedding plane faults

are very difficult to detect because of crossfaulting and

pPoor exposures,
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(j) Fault Direction’

The fault pattern of this structure would normally be
expected to bé radial and concentric with respect to the
central area, The faults uwere measured and plotted as
length percentage frequency versus 10° interval directions,
This is represented in Figure 17. An examination shouws a
tendency for more faults to be west of north rather than
sast of north with the greatest single class frequéncy
(11.5%) occuring N 30°-20°4. The Tucky Chi Sguare Test
for Preferred Orientation, however, shouws this is not sig-
nificant, Since the boundary faults oEuiously make a con-
‘siderable part of this, another plot was made excluding
the boundary faults (Figure 18), The direction N 30°-20°u
becomes even more pronounced (14%) but still testsvinsignif-
icant., Another direction N 60°-50°U, becomes prominent
(11.5%), Although these directions test nonsignificant,
the dominance of these northuwest directions of faulting
cannot be disputed.

(k) Ccataclastic Rocks

Tectonic brecciation is almost always developed
élqng all fault surfaces in the map area. The type of
bréccia is a function of the physical properties of the
lithologic units and the intensity of faulting. Tuwo types
of breccias are present: a monolithologic breccia of
shattered r;cks of a single lithology and polylithologic
breccia of several rock types together. Many of the fault
Zones, especially in the carbonate rocks, have been myloniz-

ed (Photos 13 and 14). Photo 13 is a mylonits (according
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to Higgins, 1972, Appendix V) that shous the linear fluxion
structure and angular fragments. This is from the gquarry
just east of the north part of the middle area fault
(Appendix IV, Location 26a). 1In this quarry not all the
cataclastic rock is mylonite, some shous less mechanical
effect and grades into protomylonite (See Appendix V). The
fluxion structure of the mylonite in this quarry has a 45°
dip to the northeast. Bucher (1933) used this as criteria
for his "zigzaged fault"; however, the uriter interpreted
this to bs a local effect of the large fault zone. This is
based on the lenticular nature and limited extent. It pro-
bably represents rotation in the fault zone. Rotation is
seen in other mylonitaes (Photo 14). from this fault zone.
Ultramylonites are present where faulting occurs in the
shales,

Coarser Eétaclastic rocks occur in fault zones away
from the center. A fault zohe of microbrecciated Miss-
issippian sandstones from the northuest syncline (Appendix
IV, Location 39) has many angular fragments (Photo 15)
with limonite coating the grains of the matfic. Photo 16
shous a microbreccia composed of Hillsboro sandstone from
a hillside exposure (Appendix IV, Location 40) just south
of the north central patch of alluvium at the contact of
the Greenfield Peebles dolomite and the Ohio black shale.
The light colored parts are fragments of the original
rock, while the red matrix (Photo 17) is ground up sand-

stone coated with limonite. Dark veinlets and pockets



PHOTO 13
Mylonite from a road gquarry on the west side
of the structure (near 26)

PHOTO 14
Mylonite showing rotation of fluxion structur®e
(near 38 west )



PHOTO 15

Microbreccia of Berea sandstone from the

northwest ring graben (39) 1ocation

PHOTO 16
Microbreccia of the Hillsburo sandstone .
(40) location



of clay cut the rock'everyuhere. Along several faults
thére are microbreccias composed of Ohio black shale
(Photo 18),

Mixed breccias are rare in this structure. The best
exposure is located on the northuest part (Appendix Iv,
Location 4l1) of the outer ring betueen the north central
basin (Location 17) and ths northuest syncline (Location 19)
(Photos 19 and 20). This is a microbreccia of dolomite
which has been sihultaneously intruded by a sandy shale,
The width of the exposure is about 10 feet and its length
is unknoun, It pafallels the boundary fault and resembles
a diké. The sandy shale has slicken sides and small frag=
ments of dolomite are suspended in the shale (Photo 20).
The sandy shale was probably derived from the sandy shale
contact of the Pesbles and Lilléy dolomites.,

(1) Folding ‘

The types of folds are dependent upon the lithology
and the intensity and rate of dgformation. As would be ex-
pected, in the more brittle carbonates and sandstones,
plastic deformation never occurs and fracturing is morse
important. 1In the simplest case of folding, there is a
shear fold with flexure slip (Photo 21) just outside the
structure on the northuest side (Appendix IV, Location 34),
The rocks are hofizonal west of this and thén suddenly at
this point the rocks dip §5° to the east, The shear fold
here is actually a series of fractures giving the rock its

inclination., There is no brecciation of the rock. This



PHOTO 17
Microphotograph of the contact between the

porphyroclasts of a sandstone breccia
(location 40 )

PHOTO 18

Microbreccia of Ohio Black shale
(east of location 12)



PHOTO 19

Mixed breccia in the Greenfield Peebles dolomite
. (location 41)

PHOTO 20
SAME




shear fold is the result. of drag caused by.the.doun dropping
of the outer ring. Inside the structure this typse of fold-
ing has progressed to greater degrees. Just north of the
east central graben is a small plunging anticline (Appendix
IV, near Location 13) with an adjacent syncline on the
south (Photo 10)., This is a shear fold in the Brassfield
limestone betueen the graben (Appendix IV, Location 12) and
the northeast radial anticline (Location 7). It is no morse
than 20 feet across and asymmetrical with the southern limb
near vertical. The plunge of this anticline can be traced
~douwn the creek to the east for some distancs. Upon cursory
examination this fold appears to be piastically folded but
élose scrutiny shous that small healed fractures are re-
sponsible for the folding., This is a shear.fold with geo-
metric rotation of the limbs., UWhsere greater deformation
has occured, éhere is the same pattern. On the southern
limb of the west radial anticline (Appendix IV, Location 42)
(Photo 22 and 23, and Section EE') is an example. Photo 22
is farthest away from the axial plane of the radial anti-
cline and shows a small fold similar to the one described
above., Photo 23 is adjacent to this fold only closer to
the axial plane of the radial anticline. This deformation
becomes more intense and fracturing plays a greater im-
portance in the folding. Virtually every radial anticline
near the central area carriss this to the extreme. The
limbs 'of the radial anticline are a series of slip or shear

folds that result from minute displacements,that resemble



PHOTO 21
Simple flexture on the west border
( location 34 )



PHOTO 22 .
Drag fold on the south limb of the west radial
anticline.See PHOTO 23 which is the northern

extension of this,




PHOTO 23

Northern extension of PHOTO 22,.,The drag fold to
the south grades into more deformed rocks as
the axial plane of the west radial anticline

is approached
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chevron folds, along closely spaced fractures (Figure 19),

Theée slip folds are represented by the symbol v71 on the

2

Figure 19 Shear folding in the central area

structufé sections of Plate 2. They formed in response to

shorting of the limbs between the radial anticlines. In
~ other cases, .as in the first example, the slip fractures

formed in response to extension along the rocks.

Folding takes a more plastic form in.the incompetent
shales. The clayshales are so mobile that they will thick-
eﬁ at the crest and thin on the limbs of a fold so that the
thickness of the Crab Orchard shale varies throughout the
structure. The clay shale part of the Ohio black shale
acts like the Crab Orchard, This makes absolute msasure=-

ments impossible for the structure contour maps (Appendix I111).

Because of the different lithologies, disharmonic folds
are found in certain instances. Section CC' shous the best

example in the area.

(5) Minor Structures

Where some of the more competent units have been frac-
tured and are in contact with incompetent units, the frac-
tures have been tectonically intruded by incompetent material.

This was pointed out on a large scale in one of the breccias



PHOTO 24

A pelite dike of Ohio Black shale in
the Tymochtee dolomite.This is located

gast of the central uplift,
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(Photo 19 and 20) but is more common on a small scale. An
excellent example of this is a small area of Creenfield
Peebles dolomite tectonically intruded by the clay shale

of the Ohio blsck shale (Photo 24) which is located just
east of the east central graben., The Greenfield Peebles
dolomite has been fractured normal to the bedding and the
clay shale has been tectonically intruded over a distance
of 3 feet., Small chunks of the fissile Ohio black shale
have been intruded and been smoothed into the shape of tri-
axial elipsoids., A second example is about 200 feet down
the creek (Photo 25). This is more complex with a larger
fracture intruded from the lower left. Much larger chunks
of the fissile Ohio black shale are found with good bedding

preserved but still showing smoothing.

(n) Shatter Cones

Shatter EOnes are present at several locations in the
étructure, most are found in‘the central uplift but several
have been found in the peripheral ring graben. This loca-
tion is Location 43. These shatter cones occur in the
Greenfield Peebles dolomite (Photo 26).

Several different styles of .shatter cones are present
-in the area., Photo 26 is a typical cone for the area uwhile
Photo_27 shous cones developing on other cones forming the
horsetail type.

In the east central graben (Appendix IV, Location 12)
shattet cones were found in place but they are so poorly de-

veloped that no reliable orientations could be obtained.



PHOTO 26
Shatter cones in the Greenfield Peebles

dolomite found west of the central area.

(location 43)

PHOTO 27
Horsetailing shatteﬁéones

Location south of 1
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MINERALIZATION

A A small amount of sphalerite is found in the Serpent
Mound structure. Mostly it is found aé weathered float on
the surface bdt occasionally good exposures can be found
(Photo 28). The sphalerits locations on Plate I are re-
lated to the faults and this conclusion is consistant with
the work of Reidel (1970) and Stryker (1971). The mineral-
ization does occur in other rock formations as well as the
Greenfield Peebles dolomite. Mineralization was found in
the Brassfield limestone (Photo 29), the Crab Orchard shéie
(Photo 30) the Bisher dolomite (Photo 31), and as part of
the "lag aeposit" at the base of the Ohio black shale.
These.occurances however, are'minor compared to the amount
found in the Greenfield Peebles dolomite.

Sphalerite is not the only mineral present. Marcasite
and pyrite are both common sulfides that weather on the
surface to limonite. Several unidentified minerals are
present but are rare in occurance. A green mineral (Photo
32) is found in calcite (Reidel, 1970) and occasionélly
along fractures (Stryker, 1971), This is similar to pyro-
morphite specks identified at Gfatz, Kentucky (Malcolm,
1952). A red mineral occurs occasionally in calcite but
"the grains are so small that it can rarely be seen even
under high magnification,

There are two main types of sphalerite occurrences:
simple fracture filling and replacement. In many loca- .
tions, where fractures once existed they are now healed

by sphalerite (Photo 33). In the simplest case there has



eeJe TeJjused ayj3 Jo ueqeab yznos eyjz woly
83TWOTOP S8Tgesqd PTeTJUE8I] UT 83TI8TRYdS 8Z 0LOHd




PHOTO 29
Mineralized fracture in the Brassfield

limestone ( location north of 4 )

PHOTO 30
Sphalerite in a thin limestone layer from

the Crab Orchard shale _
( location -from core CA 110 - )



PHOTO 31

Sphalerite altered to smithsonite within a
vug in the Bisher dolomite ( located on the
south east part of structure on Rt. 41 )

PHOTO 32
Unidentified green mineral in calcite(located

north of 38)



PHOTO 33
Sphalerite filling fracture
( located east of 24 )

PHOTO 34
Minor replacement of dolomite by sphalerite

along a fracture
(Located east of 24)



-77=

been no movement and the sphalerite contact with most host
material is sharp in hand specimen. In thin section these
fracture margins do show a small amount of replacement
(Photo 34). UWhere there is movement along the fractures,
pinch and swell structures are commonly filled by sphaler-
ite (Photo 35). Movement along fractures usually results
in brecciation and sphalerite commonly cements the breccia

fragments, as shouwn in photograph 35.

Sphalerite commonly fills the open spaces in fault
breccias and replaces some of the finer matrix (Photo 36).
Where there is fluxion structure (see Appendix V) the
;phalerite alines with it. Iron staining in the rock
shous the same relationship with the fluxion structure as
the zinc minerals. Replacement of the matrix is so com—
plete in some samples that masses of sphalerite are as
large as socme of the Eorphy:oclasts (Photo 37). This is
not that common and usually the sphalerite is so fins-
grained and light in color that it can hardly be differ-
entiated from the breccia matrix. Where there is a mylon-
ite zone within a protomylonite (Appendix V), the sphaler-
iﬁe will prefer the mylonite giving an appearancse similar

" to a mineralized vein. (Photo 38).

Replacement of dolomite by sphalerite is less import-
ant than fracture filling. Quite commonly fracturss have
large Patches of replacement sphalerite associated with
them (Photo 39). Bleaching of the dolomite, wheres replace-

ment occumed is not common but occasionally it is found



PHOTO 35
Sphalerite cementing breccia in fracture zone

( located NE of 33)

PHOTO 36
Sphalerite in mylonite following the

fluxion structure (location 38)



PHOTO 37

Porphyroclasts of sphalerite in a breccia
(located near 27)

PHOTO 38

Spheralite replacing mylonite.The finest
parts show the greatest amount of replacement
(located near 5)
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near the dark "Black Jack" shhalerite‘(és in Photo 39).
Repiacement uithout visable fracturing is found in many lo-
cations (Photos 28 and 40). These specimeﬁs show contem-~
poraneous solution of the dolomite and deposition of

sphalerite.

4

Fossil replacement is the least important occurence.
Occasionally replacement of Stromatopora is found where a
mineralized fracture cuts it, Bryazoans and corals in
some cases are partially replaced (Photo 41) but this is

the exception rather than the rule.

Limonite is almost always found in association with
sphalerite and gangue minerals. It commonly occurs as
pseudomorphs after pyrite., UWhere sphalerite occurs, the
contact with the wall rock is often marked by a thin rim
or layer of limonite which can be seen both in thin sec-
tion (Photo 42) and in hand specimen. UWhere calcite has
replaced dolomite, this same limonite rim is seen (Photo
43), The limonite is usually a soft, yellowish-brown mass
(Photo 44) but in fresher samples, some samples shou a

core of marcasite (Photo 45).

Many samples show asphalt (Photo 46) coating the
mineraliztion., It usually fills fractures and open spaces
in the sphalerite. The asphalt is clearly later than the
main mineralization and might be expected to accumulate in
anticlines and fault zones. Commonly natural springs have

0il seeps and during the summer of 1971 a farmer plouwing a



PHOTO 39

Sphalerite filling fractures and replacing
the dolomite.Note the bleaching of the
dolomite near the replacement sphalerite.
(located east of 24)

PHOTO 40 .
Replacement Sphalerite
(Located near 5)



PHOTO 41
Sphalerite replacing fossils
(located near 5)

PHOTO 42

Microphotograph of a limonite border

between dolomite and replacement sphalerite
( located near 17 )



PHOTO 43

Limonite border between dolomite and
replacement calcite

(located near 43)

PHOTO 44
Massive

Limonite
(N of 29)




PHOTO 45
Limonite with a core of marcasite
(located SW of 35)

PHOTO 46
Asphalt in association with sphalerite E
(located east of 24)



~85-

field uncovered a 400 square feet surface area of asphalt

mixed with soil (Appendix IV, near Location 6).

Heyl (1962) described sphalerite crystals from the
area as having a red to reddish-brown core surrounded by
an orange zone and a pale yellow rim, This is an incom-
plete description since moét crystals show still darker
core surrounded by a red to reddish-brown zone, then an
orange to pale yellow zone and finally a yellow rim
(Photo 47). AIn hand specimens, based on color, tuwo types
of sphalerite are observed: a yellow (Photo 35) and a

"Black Jack" type (Photo 33).

The "Black Jack" sphalerite, in thin section is the
result of a combination of several colors of sphalerite
(Photo 48): purple, broun, orangé, and grey-white. The
"Black Jack" color is primarily due to the purple color
which is second in abundance to the grey-white sphalerite.
Both are always coarse-grained and highly fractured. The
fracturing results in an internal reflection of light on
the fracture planes so that the sphalerite never becomes
optically black under the crossed nicols of a microscope
(Photo 54). The boundary between the various colars is
sharp in handspecimen but on close examination shouws a
gradation in color across unfractured grains (Photo 49).
This is not a fracture contact but simply a color change.
The purple color is not uniform but has within sample
variations, usually as lamellae or rods (Photos 48, 50,

and 51). In a single fracture (3 cm. x 3 cm.), almost



PHOTO 47
Crystalline Sphalerite
(located NE of 33)

PHOTO 48
Multicolored Sphalerite
(located east of 24)
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all the lamellae have the same orientation throughout the
length of ‘the thin section. The width of the lamellae is
the main variation, The purple, brdun, and orange shades
are interpreted to be either grouth lamellae or exsolution
of sphalerite containing certain trace elements. The ele=-
ments that are causing the coloring are unknoun for reasons

discussed later,

In some cases there is a gradation from one color of
sphalerite to another while in others there islnone. In
one thin section the length of a lamella graded from pur-
ple at one end to brown and finally grey-white at the
ather end. The color relationships are not always this
simple., In some thin sections the purple will grade in-
to grey-white on one side while on the other side the
purple is in contact with yellow sphalerite. The yellow
is also in contact with the .grey-white (Photo 48). 1In
other cases there are purple and yellow sphalerite with
no contact between them in a matrix of grey-white sphaler=~
ite., It is interesting to note that the limonite bears
no unique relationship to any. of the coldred sphalerites.

It is found in contact with all colors.

The purple sbhalerite is not restricted to any single
formation but occurs in all the mineralized units, Thers
does appear, however, to be more purple sphalerite as

fracture filling than replacement.

Examination of the field occurrences of the purple

sphalerite shows a rough zonation (Figure 20)., It occurs



PHOTO 49
Microphotograph of purple sphalerite
(located east of 24)

PHOTO 50
Lamellae of the purple sphalerite that has been

fractured

(located east of 24)



PHOTO 51

Purple lamellae in sphalerite from the Brassfield
limestone

(located north of 4)

PHOTO 52

Color zoning in sphalerite
(located near 17)
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in two patches that maké.a general northeast-southuest
trend through the cryptoexplosion structure. There is
no obvious structural control for these occurrences. The
break betueen the two patches is in the area of mild de-
formation @ppendix IV, Location 40) but there are many
sphalerite occurences (Plate 1) ruling out the idea of an

unfavorable area for mineralization.

The other type of sphalerite, originally described
by Heyi and Brock (1962) is rarely found with the multi-
colored "Blsck Jack" sphalerite. As pointed out by Heyl
and Brock (1962), there is a color change in handspeci-
mens (Photo 52) but none that can be detected in thin
section. For the most part these appear similar to the
grey-white sphalerites in thin section mentioned earlier.,
.This is the mqst common type of sphalerite and is found
as both replacement and fracture Filling; Just as uifh‘
the "Black Jack" sphalerite, this is also fractured and

displays internal reflection.

A cloudy yellbu sphalerite has replaced some of the
earlier sphalerites. This usually has replaced the grouth
or exsolution lamellae or appears as a stain on the ear-
lier sphalerite. It is difficult to resolve in plane
polarized light but it can be seen with crossed nicols.

- This is because of internal reflection similar to the

other sphalerites mentioned.

A minor amount of unfractured yellow sphalerits was

deposited along fractures in the earlier sphalerites,
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HifH Area of multicodlored sphalerite

Map of the Serpent Mound Cryptoexplosion
Structure with zone of multicolored
sphalerite




This later generation occurs as discreet little blebs
and does not have the internal reflection that the pre-
viously mentioned sphalerites have. This unfractured

Sphalerife is commonly associated with asphalt.

Calcite and quartz are important minerals to con-
sider not necessarily because of their location but be-
cause of their anomalous optical properties. Quartz
commonly occurs as small doubly terminated enhedral
crystals in a matrix of calcite that fills vugs and re-
places dolomite (Photo 5). Occasionally these crystals
have a later growth of chalcedony. An examination of
thesé crystals shows that they are optically strained

and have a small 2 V of approximately 5 degrees.

Calcite also has anomalous optical properties. It
is optically strained andAhas a small 2 V of about 5
degrees. Optically strained calcite has replaced the
early fractured sphalerite. This calcite has been cut
by fractures of a later carbonate that has not been
strained. Optically strained calcite was also found in

"dog tooth" crystals,

Calcite frequently is found replacing siderite con-
cretions from the Ohio black shale near the central up-
lifted area (Appendix IV, Location east of 12), Usually
only a few small fragments of siderite remain after re-

placement.,

Thin sections of sphalerite from the arsea uere ex-

amined in a cathode ray for luminescence. This technique
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has been used to study sphalerite from othgr areas (Goni
and Remond, 1969). The results uere disappointing for
there was hardly any luminescence observed in the sphaler-
ite. Goni and Rémond (1969) have shoun that there is no
luminescence when iron, nickel, and cobalt are present

in large quantities, Trace elemsnt studies have shoun
there is no significant amount of iron (Koucky, personal
communication). The only luminescence observed was a
spotty yellow luminescence, rare in the sphalerite, but
more common in calcite. These spots would luminesce for
only a short time and stop. Upon leaving them set for a
short time, they would not luminesce when examined again.
Goni and Remond (1969) attribute a yellow luminescence to
cadmium,

The cores drilled by Cominco uwere sectioned and
analyzed by Xray fluoresence for iron and zinc. (Appendix
I). The results indicate that the formations examined
have a very louw content of these elements, Iron on the
average was less than 3% with the greatest values occuring
in the Crab Orchard shale, folloued by the Bisher dolomite,
then the Brassfield limestone while the Greenfield Peebles
dolomite was almost iron free. The zinc content of the
formations was less than the amount contained in the low-
est standard (less than 50 ppm) and too low to work with
quantitatively. For all practical purposes, the zinc con-

tent of, the rock is negligable.

Trace element studies were conducted on sphalerites
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by Koucky (Personal communication) and Farrer (1971).
The trace element content as determined by Farrer (1971)

is listed belou:

Sphalerite, west side of study area by Reidel (1970)

ELEMENT. AMOUNT
cd 0.11%
Fe . 0.03%
Cu 0.,08%
Ag ‘ Not detebted
Ba Not detected
Sn Not detected
Te Not detected

= 3.923

a, = 5.4062 F 0.0011 A

Lynx sphalerite (quarry south of céryptoexplosion structure)

ELEMENT AMOUNT
cd 0.4%
Fe 0.04%
Cu ' 0.08%
= 3.973
+ 0
ag = 5.4066_ 0.0013 A

Farrer (1971) also concluded that the color has no
felationship to the iron content. Pure ZnS has an a,
value of approximgtely 5.4000 R. As the sphalerites from
the Serpent Mound Cryptoexplosion Structure and Lynx Quarry

indicate by their a, values, they are almost pure ZnS.

Additional trace element work has been done by Koucky
(persohal communication)., In sphalerites from the Serpent

Mound area, he has found as much as 0.25% cadmium. From
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calcite veins (near the quarry on Fault 26a, Appendix IV)
Koucky has found almost 1% lead and zinc with close to
300 ppm mercury, cadmium and copper. He has also found
that cadmium in sphalerites from the "lag" deposit at the

base of the 0Ohio black shale is below the detectable limit.

Jolly and Heyl (1968) were unable to spectrographi-
cally detect mercury. It is noted, however, that this

sphalerite was weathered float.

These studies seem to indicate that the sphalerites
from the study area are relatively free from trace elements,
The presence of lead in the calcite, as determined byKoucky,
throws more uweight on the argument that the unidentified
green mineral in the calcite (Photo 32) is pyromorphite,

The presence of mercury also suggeéts a connection with
the central Kentucky mineral district which has anomalous

values of mercury in the sﬁhalerite (Jolly and Heyl, 1968).

Paragenésis

The paragenesis of ths minéralization'uas worked out
from the study of over 70 thin sections and hand specimens
%rom various localities in ths cryptoexplosion structure
(Plate I). It is similar to that determined by Heyl and

Brock (1963) but more complex.

Reidel (1970) and Stryker (1971) have shoun that the
major mineralization is controlled'by faults in the struc-
ture. Heyl and Brock (1962) have also described minerali-

zation from one location of "shatter braeccia" on the west
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side of the cryptoexplosion structure. It was concluded
from these studies that the first mineralization occured
after the initial activity that formed the structure,

Fluids carrying zinc ioﬁs (Possibly as zinc bisulfide or

chloride complexes) and minor trace elements moved through

the fault zones.

Sphalerite, rich in coloring agents, initially began
to crystallize. Apparently the purple, broun, orange,
yellouw, and grey-white sphalerites were crystallizing
) simuitaneously, either as growth lamellae on crystal faces,
or as exsolution lamellae (Photos 48, 50, 51 and 53)., As
the coloring agents were used up dnly the grey-white
sphaierite (in thin section) crystallized. As the grey-
white sphalerite crystallized, it underwent a color change,
in hand specimens, from dark to light. The color 6hange

cannot be detected in thin section, however.

The first sphalerits occurred as fracture fillings,
but later considerable replacement of the rock by sphaler-
ite took place. In the earliest stages bleaching (Photo
39).of the rock occumed then later limonite was concen-
trated along replacement boundaries between the dolomite

and sphalerite (Photo 42),

The earlier sphalerite then underwent partial replace-
ment by a second generation of sphalerite (Photo 54)., It
is characterized, in thin section, by a cloudy yellow ap-
pearance., The second generation is minor and was selec-

tive in that only some lamallae of the previous sphalerite



PHOTO 53
Brown,Purple,Yellow,and White-Grey Sphalerite
(located east of 22)

PHOTO 54 :
Cloudy yellouw sphalerite replacing the

garlier sphalerite,
(located near 27)
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uere.replaced.

Calcite followed the second generation of sphalerite
and began to replacs both generatioﬁs (Photo 55). This
is coarse-grained and often found as large érystals in
vugs,

The structure underwent a later minor shock and both
sphalerite and calcite were shattered (Photos 55 and 56).
The intensity of reactivation was strong enough to pro-
duce énomalous optical properties in calcite and fracture
the sphalerite (Photo 55).

Carbonate deposition along fractures followed reacti- |
vation. The unstrained calcite and dolomite filled frac-
ﬁures in the porphyroclasts of both dolomite and sphaler-
ite.

Asphalt was introduced before the end of the calcite
deposition, in many samples of calcite, hydrocarbons

cause the calcite to fluoresce under ultraviolet light,

The final mineralization in the structure is an un-
fractured honey yellow sphalerite (Photo 57).- This fol-
louws thin fractures in the initial mineralization and

commonly occurs as small blebs,

The supergens stage is characterized by the ueather-
ing of sphalerite and the development of smithsonite
(Photo 58) and hydrozincite. The smithsonite has a typi-

cal "boxwork" structurs and commonly occurs as the "drybone

ore',



PHOTO 55

Calcite replacing sphalerite before
second deformation

( location 22 )

PHOTO 56
Shattered prophyroclasts of sphalerite
(located west of 25b)



PHOTO 57
Unfractured yellow sphalerite

(located near 40)

PHOTO 58

Supergene alteration of sphalerite to

smithsonite :

( located near 33 )
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'DISCUSSION

Interpretation of the drigin of the Serpent Mound
Cryptoexplosion Structure requires a consideration of
the regional geology as well as the geology of the struc-
ture itself. The purpose of this section is to summar-
ize the regional geology and its relation.to the crypto-
explosion'structure, and to examine some ideas concern-

ing the origin of the structurs.,

Both reéional and locai geophysical studies indicate
a specialized site for the Serpent Mound Cryptoexplosion
Structure. Rudman et al,, (1965) published a regional
gravity map of the miduwest (Figure 21) that shous a re-
gional positive gravity trend passing from southuwest
Michigan through northeast Indiana, west and southuwest
Ohio into Kentucky. He interpreted this to be possibly
the result of Keueenawan type basalt flows in the base-
ment rock and might be related to the "midcontinent
gravity high"™., The "midcontinent gravity high" is a
positive linear gravity anomaly that extends from Minne-
sota through Iowa and Nebraska (Figure 21). Rudman (1965)
believes that this is tﬁe result of Keweenawan basalt
flows in the basement of the Midcontinent. The inter-
pretation of the anomaly in Ohio is based upon basement
vell tests that have been penetrated basalts in Ohio and
Indiana resembling the Keweenawan types. A more detail-

ed gravity map of Ohio (Figure 5) by Heiskanen and Uotila
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FIGURE 21

Bouguer Gravity Anomaly Map of-<the Midwestern U.S.A.
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(1956) clearly shous: a tightening of contours north of
the Serpent Mound Cryptoexplosion Structure uwhich Rudman
(1965) interpreted as a basement fault and the Serpent
Mound structure lies on the positive gravity high men-

tioned by Rudman (1965).

The results of . tuwo "great circle" magnetic surveys
(zietz, Stockard and Kerby, 1968) conducted by the Navy
and the U.S.G.S. also shou a special relationship for
tﬁe siﬁe of the Serpent Mound structure. The two surveys
overlap to the east but separate through most of Ohio.
The Serpent Mound structure lies on the southern boundary
of the most northern survey (Figure 22). The regional
trends are east-west (Zietz, 1969) however in Ohio there
are highfamplitude magnetic anomalies along a belt be-
tween longitudes 82° and 84° uest in central Ohio (Zietz,
1969), This was interpreted to represent a basement com-
~plex of schists and gneisses which might possibly be an
extension of the Grenville Province of Canada (Figure 23),
It should be noted that the Serpent Mound Cryptoexplosion
:Strhctqre lies on a longitude of 83° wsst, almost in the-

center of this belt of magnetic anomalies.

The Serpent Mound Cryptoexplosion Structure is locat-
ed along the area of the northuest-southeast regional
gravity high and the north-south high amplitude magnetic

anomaly.
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"Local geophysical studies of'the Serpent Mound struc-
ture were conducted by Sappenfield (lQSD) and Zahn (1969).
There is a close relationship betueen Zahn's gravity map
and Sappenfield's magnetic map (Figure 24). Both show the
axis of their anomalies striking in a northwest direction.
Sappenfield's axial trend strikes N25Uu while Zahn's axis

is N50W, Both Zahn and Sappenfield found no relationship

between their maps and the surface structure. It is inter
esting.to note that the axié of both anocmalies éoinside
with the two greatest Faulf direction frequency classes in
Figure 18,

Zaﬁn (1969) made several other attempts to fit his
ﬁap to that of Bucher's (Figure 2).. By the least squares
method, he made a second degree surface map -(Figure 25)
and then by subtracting Boulger anomalies, he derived a
second degree‘residual map (Figure 26). <Considering fhis
to be noisy, he removed the éixth degree residuals'from
the second degree surface (Figure 27). He concluded that
there was no relationship betuween the structure énd the

graﬁity data.

The regional gradient over the structure, as explain-
ed by Zahn (1969), could be accounted for in terms of a
horizonal cylinder with a radius‘of 8 miles and at a
.depth of 5.7 miles., He felt that something at this depth
probably could not produce anything as small as the Ser-
pent Mound disturbance and that the astroblem hypothesis

could account for the absence of a relationship between
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FIGURE 24

Gravity and Magnetic Anomalies Map of the Serpent
Mound Cryptoexplosion Structure

Gravity Anomaly Interval - 1 milligal
Magnetic Anomaly Interval - 1 gamma

(after Sappenfield,1950 and Zahn,1969)
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FIGURE 25

Second Degree Gravity Trend Surface Map
of the Serpent Mound Cryptoexplosion
Structure,Adams Co., Ohio

- .(after Zahn,1969)



FIGURE 26

Second Degree Gravity Residual Map of the
Serpent Mound Cryptoexplosion Structure

(after Zahn,1969)
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FIGURE 27

(Second Degree Residual) minus (Sixth Degree

Residual) Map of the Serpent Mound Cryptoexplosion
Structure,Ohio

(after Zahn,1969)
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the anomaly maps and fhe surface expression by postulat-
ing that mqst of the broken rock had been removed by
erosion,

Figure 26 and 27 were transferred to photographs of
the geologic map of this study (Figure 28 and 29). Both
figures (28 and 29) do show a symmetry about N30°Y direc-
tion (part of Figure 18's greatest fault direction fre-
quency class).

The second degree surface minus the sixth degree
) residual map (Figure 29) shous that there is a relation-

ship between the gravity and the geology mapped by this
study. A bilateral symmetry about the N 30°W direction
is especially noticable, The major negative areas line
up in this direction through the central area. On either
side are positive.areas that have negative patches toward
the border. |

The positive and negative gravity areas outline

various structures within the cryptoexplosion structure.
The structures discussed on Plats I are given numerical
.reference on the Index Map in Appendix IV,, The north-
west negative gravity contours outline an area enclosed
by the northuest radial anticline (Appendix IV, Location
2) the prominent dome (Location 28) west of this, and the
faulted dome (Location 29) northeast of this., Figure 28
better shows the effect of the west dome (Location 29).
The southeast negatiue gravity contours lie on the south-

east basin (Location lé). The fit of the gravity contours



FIGURE 28 Second Degree Gravity Residual Map (figure 26)
Superimposed on this Studies! Geologic Map
(Plate I) of the Serpent Mound Cryptoexplosion
Structure,Ohio




FIGURE 29

(Second Degree Residual) Minus (Sixth Degree Residual)

Gravity Map Superimposed on this Studies Geologic Map

of the Serpent Mound Cryptoexplosion Structure,Ohio
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to the structure is fémarkable'here, especially on Figure
29, The southuest positive éravity contours appear to be
centered aimost over the middle ring fault (Location 38)
where its displacement is greatest (Figure 28). One is
centered on a horst block (Location 48) uwhile the other

is centered on a small anticline east of the fault located
east of 38). The horst block (location 43) is an area
adjacent to where shatter cones were found (Plate I),

The southwest negative contours of Figure 29 are centered

over the uwestern border (lacated south of 21) of the south-
vest part of the ring graben.

The gravity contours of Figufe 29 do not show much
on the northeast side. There does appear to be a positive
area near. the northeast anticlinal boundary (Location 35)
but Zahn's data is incompletg. Figure 28 does reveal a
little more. There is a small anticline east of the cen-
.tral hub (Location 44) between two radial anticlines
(Locations 6 and 7) that is expressed as a small gravity
high while east of this,a mgre tightly folded anticline,
. (Location 16) is a negative area on the gravity map. Al-
most centered on a dome of the southeast radial anticline

(Location 7) is a positive gravity area.
The southern part of the ring graben that is near
its normal position (Location 25) is expressed as a posi-

tive gravity high.

Not enoﬁgh is known about the gravity of the northern
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part of the structure. The northuest Qynclina (Location
19) of the ring graben appears to be a negative gravity
area similar to the southeast basin (Location 18) but un-
fortunateiy Zahn's data are incomplete. On the northeast

side the incomplete data show a small negative area.

The gravity study by Zahn (1969) when applied to the
geologic map of this study does show a relatable pattern.
Unfortunately why one area of uplift will be negative,
just as one of the depression, cannot be explained. Deep
drilling would be necessary to determine if the degree of
brecciation or other factors are the cause. Unfortunately
none has been done so any explanation would only be specu-
lation,

The gravity relationship between Serpent found and
so-called "proven" meteorite craters are dissimilar.
Meteorite craters such as Grosse Bluff (Milton et al.,
1972), Brent crater (Millman, 1951) Holleford crater (Beals
et al,, (1956), and Deep Bay (Innes, 1961) all show con-
centric gravity contours with only a center of symmetry
located in the central area. As shoun, Serpent Mound is

quite different with a bilateral symmetry.

Zahn (1969) had stated that for the Serpent Mound
structure to be of an internal origin, the gravity should
have some relationship to the geology indicating continua-
tion of the structure at depth. This relationship shoun,

combined with the dissimilar relationship with meteor
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craters, throus doubt upon an astroblem hypothesis,

Besides lying in an area of two geophysical anoma-
lies, the cryptoexplosion structure lies at the inter-
section of tuwo structures. Galbraith (1968) has shouwn
that the cryptoexplosian structure lies near the east
side of a monocline. This monocline has been extended
to the south by Jacobs (1971) where it bifidates (Figure
'30). Galbraith (1968) has proposed that it be extended
to the'north to connect with the fault found geophysical-
ly by Rudman (1965). Both Galbraith (1968) and Jacobs
(1971) have suggested that this is possibly the northern

extension of the West HigHman fault zone.

Galbraith (1968) also mapped a series of faults south-
easf of the cryptoexplosion structure. These strike to
the northuest averaging N 30°W. Bouman et al., (1961)
described a series of faults forming a graben at the Plum
Run stone quarry which strike in the direction’of the
cryptoexplosion structure. The Plum Run quarry is § 25°%E
of the Cryptoexplosion'structure (Figure 30). Because of
poor exposures, no definite connection has been found.
Bucher (1933) mapped several northuest trending faults
on the northuwest side of the cryptoexplosion structure.
These cannot be traced any farther to the northuest be-
cause of glacial cover. The cryptoexplosion structure,
therefore, appears to lie on a fault system with strikes

NU-SE and if extended could possibly join the faults at

the Plum Run quarry.
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"It is not unusual, however, to see a cryptoexplosion
structure lying at the intersection of two structures.
As summarized by Koucky (1972) most)cryptoexplosion
structures do, in fact, lie at the intersection of tuo
structures. |

It is beyond the scope of this study to make a de--
tailed analysis of the mechanics that could form the
observed structure. Mechanics involving meteorites have
been discussed (Shoemaker, 1959) as well as possible me-
chanisms that would liberate gas at depth (Morev, 1922)
and Burnham, 1969). The lack of detailed information
involving explosions at depth has resulted in limited

explanations of the mechanics that would produce a cryp-

tovolcanic structure. Several aspects of the Serpent Found

Cryptoexplosion Structure can be shown to have some analo-

gies that might suggest the mechanics involved.

The shape of the central uplift of the Decatorville
Cryptoexplosion Structure, as described by Offield (1970),
can be likened to the same forms that are obtained when a
. piece of cloth is pulled through a small hole. The mechan-

ism of pulling material through a small hole causes the

original surface to be compressed. This compression re-

sults in a series of radiating folds from a central point.
The same pattern is seen in the central uplift of the Ser-
pent Mound Cryptoexplosion Structure. The central radiat-

ing anéiclines appear to be the result of rapidly forcing
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a great volume of maferial upward throuéh a small area,
Driginal relatively flat lying material underwent com-
pression and as anticlines formed,. younger materials
dropped douwn (relative to the rising anticlines). This
was caught either as a synclinal structure with a fault
along its axis (on the west and north sides at the cen-
ter) or as a graben where more material was caught in
synclinal part of the radiating folds. Drag folds
and shear folds formed on the limbs of the radiating
folds in response to the compression by a process of
extension along the limbs (Figure 19). That is, com-
preséion of the original material, resulted in shearA
folding that produced the radiating folds. This shear-
ing.also céused faulting along the axial planes of the
folds. |

Grabens appear to represené areas that have been
subjectgd to lateral, as well as vertical, forces. As
the central uplift moved up and to the southeast or east,
the material that would normally be shear folded into a

syncline, began to fold with a concentric pattern from

the central area (Figure 16). The folding was a combi-

nation of shear folding and flexturé slip folding. Under-
thrusting was important to the rotation in the limbs. The
shearing that normally produced the radiating syncline uas
counteracted by the lateral component of the uplifted

force., This shearing was concentrated in a small area on
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the limbs of the radiating anticlines, Thg net result uas
radiating anticlines separated by grabens. The main radial
shearing is concentrated in the faults betuween the grabens
and the radiating anticlines. The shearing resulting from

the lateral component is concentrated in the folds and

faults within the grabans.

The north and uest sides of the central area uere
not subjected to the lateral component so only faulted
synclines developed.

The synclinal ring graben resulted from collapse and
drag during the formation of the central area. On the |
east side (Appendix IV, Location 16), a general damping
of the lateral force from the central area resulted in

several asymmetrical folds.

The predominance of the northwest fault direction
frequency is probably evidence of a precryptoexplosion
structure northuwest fault system. As the cryptoexplo-
sion structure formed,previous weakness zones of north-

west faults became important zones of movement.

In general terms, the cryptoexplosion structure
appears to be the result of primarily upward vertical
movement (initialiy or rebound) with an sastuard compo-
nent, on a preexisting fault zone, and complimentary

collapse on the edges. The structures of the central

area indicate rapid deformation.
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The ultimate cause for the formation of cryptoexplosion
structures hag been attributed to meteorites and gas explo-
sions, It would be useless to discuss theAdifFerences ex—
plained in the literature because every phenomena within
these structures has been attributed to both causes. The
literature is very confusing on this point. There is no
doubt that meteorites have penetrated the earth and form-
ed craters, but just becauss nd'ignébus'méﬁérial is.pre-
sent, a gas explosion cannot be ruled out., No one can

deny the role of igneous processes in shaping the earth

as we see it today. Each structure must be evaluated in

terms of the phenomena associated with it. It is this

approach that will be followed in suggesting an origin

for the Serpent Mound Cryptoexplosion Structure.

Tuo possible energy sources are available for pro-

ducing such a structure: a meteorite shock wave striking

the groﬁnd and an explosion of gas at depth. The energy
required for a meteorite to produce a crater the size of

Serpent Mound can be computed from an equation derived

. by Innes (1961):

" 3
E =5,08 x 10 0" o ergs

E = energy in ergs
D = diameter in feet
¢ = density of the country rocks
The mechanical energy necessary was calculated to

be 8.0065 x 1024 ergs (for calculations, see Appendix II).
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A gas explosion‘uould not necessarily require the
same amount of energy as a meteorite to produce the same

size structure. It was shoun earlier that the structure

formed on a previously existing fault zone, This weak-
ness would permit less-energy to form the same size struc-

ture, Nevertheless the énergy released by a gas explo-

sion should be comparable to that of a meteorite impact.

Burnham (1969), using experimental determinations

of the Pressure - Volume - Temperature - Composition of

the system NaAlSi.04-H,0,provided a basis for calculating

the thermodynamic behavior of water in a felsic melt,
This is based on the first law of thermodynamics and the

principie of resurgent boiling. Resurgent boiling is an

adiabatic process; so from the first law the mechanical
energy is equal tb the work done by the system.
E =-P, dV

Burnham (1969) has shoun that there is an expansion
of volume during resurgent boiling, and this can be cal-
culated, Knowing the pressure, the composition of the
meit can be obtained (Burnham, 1969a, Figure 22, Page 38)
and total mechanical energy can be calculated (Burnham,
1969).

This process of explosihn due to resurgent boiling
has been used to explain the fracturing associated with
In some porphyry

porphyry copper deposits (Burnham, 1971).

Copber deposits, a breccia pipe forms with the fracturing,
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which could be the means. of escape for the steam.

This process could also account for several periods
of fracturing. The amount of energy released would de-

pend on how much crystalization had taken place before
resurgent boiling.

Burnham (1969) has shown that the mechanical energy
released during resurgent boiling is in the range of 1024
to 1025 ergs per Km of magma. The energy is roughly equiv-

alent to the mechanical ensrgy released in a major volcanic

24 to 1025 ergs of

eruption. He has also shown that 10

thermal energy can be released at the same time,

Suppose that in a melt only qne—third of the melt
were crystallized at the time of resurgent boiling. If
9 x 1024 ergs were available in the whole systen, énly
3 x 1024 ergs ‘could be released. If at a later time one-
half of the remaining melt crystallized before resurgent
boiling, one-~half of the remaining energy could be re-
24

leased (3.0 x 10 ergs). This mechanism can supply the

energy for several equally violent explosions.

This mechanism can easily give a comparable amount
of snergy for the formation of the cryptoexplosion struc-
ture as compared fo that needed in a meteorite impact
for a similar‘structure. A preexisting northwest fault
system combined with this amount of energy could easily

result.in the Serpent Mound disturbance.
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A gas explosion hypothesis does not necessarily re-
quire the release of steam. Other types of gas release
from igneous.rocks, such as C02 release from mantle rock
when they crystallize in the crust, are possible. This
has been postulated for Kimberlite pipes. The uplift
and collapse of the outer margins is a well knoun fea-
ture of Kimberlite pipes. It has also been pointed out
(Snyder and Gerdeman, 1965) that Missouri's cryptoexplo-
sion sﬁructures lie in line with alkali ultramafic in=-
trusions and appear to be related.

The felationship between the monocline and the cryp-

toexplosion structure is unclear. It cannot be determin-

ed if the,honocline existed before the cryptoexplosion
.Structure or if it followed. Any trace of the monoclines
effect has.either been wiped out or was.so minor that it
did not noticably effect the cryptoexplosion structure.
Only the greatsr deformation on the west side of the ring
graben could ﬁossibly be associated with the monocline.
If, however, the monocline existed before the cryptoex=-
plosion structure, this would regquire less energy from a
éas explosion.

To account for the structure in terms of a metesor-

ite impact hypothesis, a sequence of events similar to

the following would have to occur.

1. Faulting in a northuest-southeast direction.
2. Accidental impact on the fault zone from a

high angle to the east.
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-3, DMNineralization along faults.
4., Second meteorite hitting same area (this would
be necessary to explain the brecciation of the
sphalerite and straining of the calcite).

5. Final mineralization,

The age of the monocline is uncertain and cannot be
placed in sequence, but if it predates the cryptoexplo=-

sion structure, then the site of a meteor crater is even
more unusual.

A gas explosion hypothesis must account for the same.

sequence of events. Once again the monocline is impossi-

ble to place in the sequence.

1. Faulting in a northwest-southeast direction.,
2. Crystallization of a melt at depth causes re-

surgent boiling and rapid release of steam,

3. Mineralization of faults.

4, Further recrystallization of melt causes second

rapid release of steam by resurgent boiling.
5., Final mineralization.

Any model for the origin of the Serpent Mound Crypto-

explosion Structure must account for all the phenomena.

Both the gas explosion and meteorite impact hypothesis can

account for the general features: a central uplift and a

ring graben. Both can easily generate the needed energy.
THe asymetrical central area is more easily explain-

ed by a high angls meteorite striking the ground and causing
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asymmétrical rebound., To explain this, a gas explosion
would require a mechanism to divert the main force from

vertical., Perhaps steam penetrating through vertical

joints in eastward dipping sediments would be sufficient
(Figure 3la). As it was pointed out earlier, the sedi-

. ments do indeed dip to the east., Perhaps a westuward

dipping basement fault might cause an asymmetrical es-

31lb

Possible methods of an asymmetrical

Figure 31

escape of gas

cape of gas (Figure 31b). Figure 31b could be the

mechanism if the monocline predated the cryptoexplo-

sion structure.
A gas explosion, houever, more easily explains the

second deformation seen in the mineralization. It is

hard to visualize a second meteorite striking an area

Previously struck., It is not difficult houwever, to

Visualize a second explosive resurgent boiling by the

method previously described.

Circumstantial evidence probably fits a gas explo-
Sion hypothesis better than a meteorite hypothesis. The
9eophysical evidence, although not conclusive, more close=

ly fits the geology mapped by this study than geophysical
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pattern from socalled "proved" meteorites thus tending to.
indicate continuation. of the structure at depth., The asso-
ciation of two prominent geophysical anomalies and tuo

structural anomalies could be more easily explained with

the gas hypothesis.
Combining all the information available, the Serpent
Mound disturbance fits more closely to a gas explosion

hypothesis than meteorite impact hypothesis.

Zinc mineralization has been found at several other

cryptoexplosion structures: Jepta Knob (Reidel and Koucky,

lQ?U,_unpublished‘research), Decatorville (Offield, 1971),
Hicksdome (Snyder, 1968) and others.

Snyder (1968) has defined Mississippi Valley type

deposits (Figure 32) as typically strataform in character

within a single or few formations. The host rocks are

shallow water marine carbonates, on the rim of a sedimen-
tary basin or on a high within the basin, associated with

unconformities. The ore bodies ‘are contained in strati-

graphic traps, in organic reefs and associated sediments,

and in breccia of several types: 1., submarine slide,

2. solution collapse, 3. dissolution, or 4, fault origin,

The ore minerals are simple. sulfides of Zn, Pb, and Cu with

or without Ba, Co, Ni, Cd, Ga and Ag. The lead is J type
and associated silica was probably derived from the host
rock, Fluid inclusions suggest ore metals were brought

in by saline solutions at temperatures bestueen 70° and 150°C.



(1) Ore occurrence in host rock
A. In shallow water carbonates.
B. On rim of basin or over high in basin.
C. Unconformities above, below, or within the host.
D. At or near the limestone-dolomite interface.
E. At any depth.
Structural pattern of districts
A. Ore does not occur on major faults,
B. Ground prepared by minor faults and fractures.
C. Ground prepared by subsidence and dissolution.
D. Filled fissure vein systems usually associated with
stratiform deposits.
(3) Types of ore-bearing structures
A. Stratigraphic traps.
B. Reefs and associated structures.
C. Breccias.
1. Submarine slide.
2. Solution collapse.
3. Pseudobreccia formed by dissolution.
4. Fault breccias.
D. Fissures.
E. Size of ore bodies directly related to size of entrap-
ping structures in host.

(2

(4) Mineralogical characteristics
A, Elements present
Jd. Zn, Pb, and Cu always present.
2, Ba, Co, Ni, Cd, Ge, Ag usually present. Fluorite
may be present.
B. Lead is J-type with considerable range in Pb
206/204 ratio.
C. Sulfur probably of biogenic origin.
D. Paragenetic studies are difficult to interpret because
of change of solutions with time.
E. Fluid inclusions are mainly connate water.
F. Temperatures of formation range from 70° to 150°C.
G. Silica occurring with the ore is roughly proportional |
to the abundance of silica in the host.
Figure 32 Characteristics of a typical

Mississippi Valley type
deposit(after Snyder,1968)
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‘The main minsralization at the Serpent Mound Crypto-
explosion Structure occurs in the Greenfield,Peebles, and
Tymochtee dolomites which are shallou marine carbonates

occuring on the rim of a sedimentary basin.

There are several unconformities in the stratigraphic
units present in the area. The most noticable unconform=-
ity occurs at the contact between the Silurian Tymochtee
dolomite and the Devonian Ohio black shale. The main min-

eralization is the carbonates below this.

Even though the cryptoexplosion structure lies.at the -
intersection of a monocline and northuest trending fault
system, mineralization is minor along these structures .
(Jacobs, 1971 and Galbraith, 1968). The major minerali-
zation occurs on the faults of the cryptoexpiosion structure.
This is similar to most Mississippi Valley type deposits
vhere major structures are not minerali;ad and only asso-

ciated smaller structures are mineralized (Snyder, 1968).

The host rock was prepared for mineralization by
faults and fractures of the cryptoexplosion structure.
‘The main ore-bearing structures are fault breccias with

some solution collapse breccias, and minor velins.

The mineralogy of the area is similar to Mississippi
Valley type deposits except no lead or copper is present.
Barite has been found near Locust Grove (sample in mineral=-
ogy collection at University of Cincinnati) but none has
been found within the cryptoexplosion structure. Of the

trace elements only cadmium is abundant amounting to 25%



-130-
in some sphalerites,

Therefaore mineralization at the Serpent Mound Cryp-
toexplosion Structure fits the description of a typical
Mississippi Valley type deposit, and can be élassed as

such.

If the structure was formed by a gas explosion, then
perhaps this deep-seated body can be called upon as a
source for the metals. It is certain that the host rocks
cannot be the contributing agent since zinc is absent.

Only the "lag" layer at the base of the Ohio black shale

has any sphalerite present.

Even though most of the sphalerite cannot be explain-
ed as to a source, the final unfractured minor sphalerite
(Photo 57) could possibly be explained by a model of Barne's

(1967a) low temperature ore transport in solutions.

Barnes has summarized (1967) that previous ideas of
sulfide ore transport are ineffective and that he favors
a metallic coﬁplex for the transport of zinc. The'tuo
ligands: chloride and bisulfide, appear to be the most im=-

portant complexes from a chemical point of vieuw (Barnes,

1967a).

Barnes and Kullerud (1967) have calculated the sta-
bility of predominant sulfur species in aqueous solutions

with respect to PO,, S, pH, temperature and Pt (Figure 33).

In a sulfur-metal system, two sulfur complexes can
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form with zinc: one by complexing Zn with HZS or other
minor species and one by the reaction:

ZHS(S) + HZS(g) + HS = Zn(HS)3

Zn(HS)g is the most important complex. It is independent
of temperature up to 200° and has a high solubility., In-
creasing the chloride content from practically zero causes
a decrease in the solubility of sphalerite. No important
complexes have been found to exist that contain both HS~
and C1°,

Two important zinc complexes exist; ZnCl2 and Zn(HS)g,
The chloride complex predominates in solutions low in total
sulfur whereas the bisulfide complex predominates in solu-
tions high in total sulfur. Figure 34 shous that near
neutrality, ore transport can occur in either low or high

total (H,S + HS™) concentrated solutions.

As a potential source for the final generation of
sphalerite, consider the basal 2 inches described as a
"lag" deposit in the Ohio black shale. Sphalerite and
other sulfides are found here (especially marcasite and

pyrite with fish bones and teeth).

Ground water is quite plentiful in the area as seen
by the numerous spfings throughout the area. The springs
wvere described by Locke (1836) noting "although we travel-
led on that level which should have presented us with the
Cliff limestone, yet we were surprised with its total

disappearance as we approached the spring, and in its
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place was found the sandstone in large upturned and brok-

en masses. The spring has every property of an excellent
sulphuretted water (Page 266). This study has found many
of these springs throughout the area., The springs are
usually at the contact between the Ohio black shale and
the Tymochtee dolomite. The water smells of HZS and a
white sulfur skum is found on the surface (Photo 59),

The sulfur was apparently derived from the iron sulfides
in the "lag" -layer and from the breakdown of pyrite and

marcasite in the lower shale,

It can probably be reasonably assumed that the S/Cl1”
ratio'is very high and that the pH is near 8.0 since the

water will tend to equilibrate with the carbonate.

According to Figure 33, the dominant aqueous species
of sulfur near pH 8 and 25% should be HS™ and Sﬂz and
perhaps solid S. The log ﬁ02 atm., of the stream is not
certain but should be near the point where free sulfur
and HS™ approach equal activities because of the H28 odor
and the sulfur skum. Away from the atmosphere, however,

“the PO, should be much less so that.the ground water will

2
probably contain more HS™ than 50T .

A zinc complex could form by the following reaction:
ZnS gy + :'.Hs“(ag ) = Zn(Hs) 5

The zinc for the complex could be derived from the same

basal "lag" layer that sulfur was derived.

Normal circulation of groundwater can move the complex.



-40 — - ‘l.....

-80

.2
HS- S;

I JLI 1 l“l 1 I
10 -20 -30 0 -10 -20 -30

Log (activity)

Log tactivity)

-40

Figure''33 Stabilitiss of agueous,sulfur-containing
species at $=0,1,25°C, '
a)f‘82 is shown by the light,solid contours.Changes

in the fields of predominance(heavy lines) on

S to 0.001 are indicated by the heavy dashed lines.
b)Variation with pH in activities of predominant

and minor species under reducing conditions at

fgp = 107 “Yatm,
c)Variation in activities of predominant and minor

species with oxidation state at pH6 and at pH9

(after Barnes and Kullerud,1961)



104 109 /Kg

—{100mg/Kg

—1img/¥j

j> I} 1
\.\ /'/
10| /e
N/ .
‘ Zn(HS)3 Conc.w /
. /
10° |~  / -
AR ! ]

| ] ]
3

Concentration, parts per million

o' 0 107 10°° 10 T 10
(H,S + HS™), molal _
Figure 34 Total zinc concentration and concentration

of zinc bisulfide complex in a solution in equilbrium
with sphalerite at 100°C. An ionic strenght of 1.0 and a
"chloride ion activity of 1,0 are assumed. A dotted line,
where the mole ratio in solution
| (zn) = 1.0

. (H5 + HST)
separates the sulfide-deficient compositional region,
where the metal concentration exceeds total sulfide
concentration(upper left),from the sulfide region.

(after Barnes,1967)




PHOTO 59
Sulfur spring in the Serpend Mound

Cryptoexplosion Structure
(located north of 18)
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Because of the high permeability of the dolomite and the
porous spaces in the breccia, grounduater can easily

move througﬁ the host rock.

Deposition could occur because of dilution with more
groundwater as the complex rich water moves away from the
"lag" or as the complex comes in contact with asphalt
material in the nhost rock. 1In any case transport of the
6omplex would not have to be any more than 150' (the thick-

ness of the dolomite in which the unfractured sphalerite
’occurs).

This mechanism easily accounts for some sphalerite de-
position but since it requires ground water, the depth of
burial at the time of sphalerite formation cannot be too
great. It could be possible to account for the minor un-
fractured sphalerite, which is late, by this method but it
cannot explain the multicolored sphalerite. The sphalerite
from the base of the Ohio black shale is a deep red variety
and has no cadmium or mercury. This is very different from
most of the sphalerite in the Serpent Mound Cryptoexplosion
‘Strdcture. The late sphalerite would have an unchanging
source and a uniform color could be expected with respect
to time. If the process described is responsible for at
least the final generation of.sphalerite, then sphalerite

deposition is now occurdng in the Serpent Mound Structure.

The amount oflsphalerite in the Greenfield Peebles

Tymochtee dolomites is not economical but it is unknoun



=137~

what more favorable horizons might contain.. The Knox
formation (middle Ordivician) is an important host rock
throughout Tennessee and Kentucky and every core taken
from this horizonvin the area near Adams County, Ohio
has been mineralized (S. Jackson, Cominco Am., personal
communication). If this is a gas explosion, as evidence
seems to indicate, then brecciation at depth might be
expected and the chances of finding mineralization in

the Knox formation in this area should be excellent.



-138-
-CONCLUSIONS
The main goal of this study was mapping in detail
the structure of the Serpent Mound Cryptoexplosion Struc-

ture and to study the associated mineralization.

Detailed mapping has shown structures caused by a
force directed upward and, to the east or southeast, |
Most of the folds formed by a combination of shear fold-
ing and rotation of the limbs. The central uplifted
area consists of seven radiating anticlines. Grabens
formed between the anticlines on the east and south sides
-in response to lateral forces. Faults formed between the
anticlines on the north and west sides where there uwere
no laterai forces acting on them.

Regional geophysical evidence indicates the structure
lies in an area where there is a positive magnetic anoma-
ly and a positive gravity anomaly. On a local scale, the
gravity and magnetic trends have the same axis as the great-
est fault frequency class found in the cryptoexplosion struc-
ture., Local residual gravity maps match the mapped surface
~geology better than others have found Ffom the gravity pat-
terns of so-called meteorite impact craters. .

The cryptoexplosion structure is located at the inter-
section of a NW-SE fault system which existed before the
structure formed and a monocline which cannot be dated in
relation to the structure.

Paragenesis of the mineralization indicates at least

tuo deformations occured within the structurs.
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Both a meteorite and a gas explosion resulting from
resurgent boiling in a magma can easily supply the need-

ed energy for the formation of a crater this size.

It is concluded from the available‘euidénce that the
gas explosion hypothesis fits the Serﬁent flound Cryptoex-
plosion Structure more easily than a meteorite impact
hypothesis.

ﬂineralization is common but nowhere economical on
the surface within the cryptoexplosion structure. The
mineralization is typically Mississippi Valley type,
There are two generations of sphalerite before final de-
formation and one after. The first generation shous
lamellae of multicolored sphalerite but cannot yet be
explained by trace elements, The most favorable host
rock for zinc mineralization is not exposed and thus the

real economic potential of the area cannot be determined.

No source can be given for most of the sphalerite,
It is possible that the final generation is the result
of deposition now in progress by surface water trans-
lporting Zn bisulfide complexes from a "lag" layer at the

base of the Ohio black shals.

Several deep core holes in the structure could yield
valuable information about the continuation of the struc-
ture at depth, the mineralization of the Knox, and the

origin of the gravity and magnetic anomalies.
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APPENDIX I

METHOD OF ANALYZING THE DRILL CORE FROM
THE SERPENT MOUND STRUCTURE

The core was given a preliminary analysis to see if
a detailed analysis would be of value. The core from Ca
110 and Ca 111 was sampled every four feet except for the
Greenfield Peebles dolomites which was sampled every 2 ft,
The core was then sawed into discs paralled to the bedding.,
The diécs uere analyzed using tungsten radiation and a LifF
2pp ©rystal in a General Electric XRD-5 fluorescence X-ray
unit., The standards used were pelletized standards normai-
ly used for analyzing of iron and zinc in sphalerite. Since
the core pellets were not of uniform density as were the
standard pellets, control core pellets were analyzed sever-
al times using several positions including reverse sides.
No significant.differences in readings were found so it was

assumed this method would give a reliable preliminary exami-

nation.

The samples are normally plotted on a graph as number
of counts vs. concentration, with knoun standards as the
basis for the graph line. These samples uere not plotted
since the number of counts was ugll below the number of
counts of the lowest standards., The cores were considered
to be below the detection limit for these elements and no

further analysis was needed.
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APPENDIX II
CALCULATION OF MECHANICAL ENERGY OF THE METEORITE

An estimate of the energy involved in the deformation
of the Serpent Mound Cryptoexplosion Structure by a meteor-
ite impact can be made based on a formula by Innes (1961):

= 5.08 x 10" 0°

E

E = energy in ergs

D = diameter in feet
T

= the country rock density

Using: A) D 4.5 miles

0% = 1.34 x 1013 £t,3
B) & = 2.5 gm/cm3 - Based on the density
assumed by Zahn, 1969)
E. = 8,0065 x 10%% ergs

The total energy (including that which goes into heating,
crushing, fracturings and elastic effect) needed to form
a crater the size of Serpent Mound by meteorite impact is

8.0065 x 1024 ergs.
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APPENDIX III

Presented in this Appendix is a structure contour
map (Plate II1I). It is an incomplete map and thers are
mistakes on it. UWork is underway at the present time to
complete it. As pointed out, the Crab Orchard shale thins

and thickens so an accurate map is difficult to make.

This is presented only for determination of the

stratigraphic~throu of areas and for no other reason.
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APPENDIX IV

INDEX MAP FOR PLATE I



INDEX MAP FOR PLATE ONE
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APPENDIX V

CATACLASTIC NOMENCLATURE USED IN THIS STUDY

The nomenclature used in this study is from U,.S.G.S.
Professional Paper 687 by Higgins (1971). It is the most
recent classification ahq that which the U.S.G.S. plans
to adopt. The classification is presented in Figure 35,
Below are defined several terms used in this study.

1. FLUXION STRUCTURE: Cataclastically produced

directed penetrative texture or structure commonly

involving a family or set of S-surfaces; cataclastic .

foliation.

2, 'MICROBRECCIA: An intensively fractured but un-

groﬁnd fragments have not rolled) cohesive breccia

in which the grains and fragments are without form

orientation, |

(Fragments larger than 0,2 mm make up more than 30%

of the rock).

3. MYLONITE: a coherent microscopic pressure-braccia

with fluxion structure and with porphyroclasts larger

than 0.2 mm, Theée prophyroclasts make up about 10

to 50% of the rock. '

4, PROTOMYLONITE: A coherent crush breccia composed

of megascopically visible fragments which are lenti-

cular and are separated by megascopic gliding sur-
faces filled with finely ground material, The frag-

ments make up more than 50% of the rock.
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' STRUCTURE CONTOUR MAP OF THE SERPENT MOUND CRYPTOEXPLOSION
STRUCTURE,SOUTHWESTERN OHIO

STRUCTURE CONTOUR INTERVAL 25 FEET  CONTOURS DRAWN ON THE frop OF THE BRASSFIELD LIMESTONE

ABOVE NORMAL POSITION BELOW NORMAL POSITION PLATE 3
- .. S.REIDEL. 1972




, ' " CROSS SECTIONS OF THE SERPENT MOUND CRYPTOEXPLOSION STRUCTURE,OHIO
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