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ABSTRACT 

Cryptoexplosion structures are crater-like geologic 
features whose origins are unknown. Lacking either associated 
volcanic or meteoritic materials it is not certain whether the 
forces which created these disturbances were endogenous or 
exogenous--that is, the result of explosive release of gases 
from within the earth or of meteorite impact. 

Concurrent with the developing interest in astrogeology 
there has developed a renewed interest in these structures since 
it is thought likely that the method of their formation may have 
been similar to the method of formation of some of the craters on 
the earth's moon and on Mars. An understanding of their origin 
will contribute to our knowledge of lunar and martian crater 
formation and will allow us to better plan astrogeologic investi- 
gations by astronauts. 

This memorandum summarizes the results of a geophysical 
investigation of one such structure--the Crooked Creek (Missouri) 
cryptoexplosion structure. Studies of the magnetic and gravity 
signatures associated with this disturbance resulted in the con- 
clusion that it is related to the tectonics of the region and, 
therefore, was caused by an endogenous force. The structure is 
characterized by both a magnetic and a gravity low geophysical 
signature; shattering of theepre-'Cambrian basement rock is indi- 
cated. It was found to be situated at the intersection of two 
major fault zones and this is believed to be more than fortuitous. 
A structure which best fits the observed data is an inclined in- 
verted cone having a density deficit of -0.13 gm/cm3 with respect 
to the surrounding rock and reaching to a depth of at least 2600 
meters below the surface of the basement. 

The origin of the Crooked Creek cryptoexplosion struc- 
ture can be best explained by postulating an explosive release of 
magmatic or phreatic gases which initially derived from a deep- 
seated source. These gases were guided by the zone of weakness 
associated with the intersection of the faults. The gases could 
have penetrated to the surface or could have resulted in a camou- 
flet. The latter postulate has appeal since the geology suggests 
that the structure may have been formed by doming and subsequent 
collapse. 
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Introduction 

Cryptoexplosion structures are isolated crater-like, 
geologic disturbances whose origins are unknown, both extra- 
terrestrial (meteorite impact) and terrestrial (volcanic gases 
or steam) theories receiving about equal support. 

Concurrent with the developing interest in astrogeology 
there has developed a renewed interest in the study of these 
structures. It is generally believed that the method of their 
formation may have an affinity with the method of formation of 
some lunar craters and that the answer to the question of their 
origin could tell us much about the forces which have operated 
near the surface of the earth, on the moon and on Mars. 

At the 1970 Annual Meeting of the American Geophysical 
Union several papers given in the planetology sessions addressed 
this topic. One by C. Ronald Seeger (1970) was especially inter- 
esting to me since he reported the results of magnetic and gravity 
studies of the Versailles and the Middlesboro Basin cryptoexplosion 
structures in Kentucky. Seeger concluded from his data that the 
Versailles structure was likely to be of shallow depth and therefore 
not related to any local or regional tectonic features. He found 
no relationship between the disturbance and the underlying base- 
ment rock from which evidence he concluded that the deforming force 
probably was exogenous: that is, meteoritic. 

In 1953-54 I had occasion to use geophysical methods to 
study a similar disturbance, the Crooked Creek "cryptovolcanic" 
structure in Missouri. Since the geologic expressions of most of 
these disturbances are much alike at the surface of the earth and 
since, in theory at least, the observed geologic pattern could have 
been the result of either externally or internally applied forces, 
their continued study by surface geology and shallow core drilling 
seemed to offer little hope of resolving the question of their ori- 
gin. In the approach to the Crooked Creek problem it was assumed 
that no relationship should exist to the tectonics of the region if 
the deforming force derived from an extraterrestrial source: that 
is, one would expect that meteorite impacts would occur randomly and 
without regard to existing geologic features. 
the deforming force derived from a terrestrial source one would 
expect that some relationship would exist between the location of 
the disturbed area and the tectonics of the region. 

If, on the other hand, 
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Data from a magnetic and a gravity survey led me to 
conclude that the deforming force which caused the Crooked Creek 
structure was guided by the tectonics of the region and was, 
therefore, terrestrial in origin. A copy of the results was left 
in the library of the Missouri Geological Survey and Water Resources, 
Rolla, Missouri (Fox, 1954). However, the findings were never 
published in the literature and apparently few students of the prob- 
lem are aware of this investigation. 

It is the purpose of this memorandum to bring the exist- 
ence of this work to the attention of those interested in the cryp- 
toexplosion problem and to briefly summarize the results. A more 
detailed paper is planned for publication in the literature later 
this year, 

The Crooked Creek Structure 

The cryptoexplosion enigma has been well described in the 
literature of the past 60 years. Bucher (1963) and Dietz (1963) 
provide, perhaps, the best and most recent summations of the two 
principal opposing theories--endogenous or exogenous--which are 
offered as explaining the origin of the forces which caused these 
unique geologic features. The geology of the Crooked Creek struc- 
ture was studied and described by Hendricks (1954) who, largely on 
the basis of evidence supplied by the orientation of shatter cones, 
concluded that the deformation was caused by the impact of a mete- 
orite. 

In the interest of brevity and on the assumption that the 
interested reader has a working familiarity with these structures, 
the literature will not be reviewed here. The Crooked Creek struc- 
ture, however, has certain unique aspects associated with itthat 
make it an ideal subject for study by geophysicalmethods and these 
are worth a brief mention. 

Structurally, the disturbance consists of a radially 
symmetrical region, 3-4 miles in diameter, of intensely deformed 
Cambrian and Ordovician strata. These tend towards massiveness and 
are primarily sandstone and dolomites with good lithologic con- 
sistency. Thus, there exists in the sediments little or no material 
of an extraneous nature which would produce local magetic or gravity 
anomalies. Resting on the northwestern flank of the Ozark Dome 
(pre-Cambrian) the stratigraphic column involved in the disturbance 
is reasonably thin with an indicated depth of about 500-600 meters 
to the base of the Lamotte Sandstone (Cambrian) which rests uncomform- 
ably on the pre-Cambrian igneous basement. At least 300 meters of 
strata were involved in the disturbance since the Bonneterre for- 
mation (Upper Cambrian), which normally is found at a depth of about 
400 meters in this area, has been identified at the surface close to 
the center of the structure. 
the surface and no volcanics or meteoritics have been found in this 
immediate locality. 

No igneous rocks have been found at 
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In Missouri, as in many other regions, it has been 
shown that the source of magnetic anomalies lies in the igneous 
complex and is a function of the percent of magnetite contained 
therein. Thus, the magnetic survey results can be used with con- 
siderable confidence to delineate the basement structure. Simi- 
larly, the gravimeter readings, when reducedl generally are re- 
flections of basement features although here more care must be 
applied in assigning density values and density contrasts between 
the sediments and the igneous basement, 

Results 

A magnetic map of the vertical component of the magnetic 
intensity was prepared with a contour interval of 20 gammas (nanotesla) 
(Figure 1). Three gravity maps were also prepared: (1) a Bouguer 
gravity map with a contour interval of one milligal (Figure 2) 
(2) a residual gravity map with a contour interval of 0.5 milligal 
(Figure 3 )  and ( 3 )  a second-derivative gravity map with a contour inter- 
val of 25 x 10-l5cgs units (not included in this memorandum). 

The approximate limit of the central uplifted area of in- 
tense deformation is shown on each map by a circle of one mile di- 
ameter. Inside this area the structure is domal with the apical 
region being slightly depressed to form a shallow basin (Hendricks, 
1954). The circle approximates the axial trace of a ring anticline. 
A ring graben from one to two miles wide surrounds this central 
uplifted area, the faulted outer border of which constitutes the 
outer limit of the disturbance. 

The Magnetic Survey (Vertical Component) (Figure 1) 

The maximum relief in the surveyed area was found to be 
4 8 2  gammas or approximately 0.9 percent of the total vertical com- 
ponent of the earth's field at this latitude. The region of the 
disturbance is characterized by an elongated magnetic low super- 
imposed on a broader low associated with what appears to be the 
southwestern corner of the Cuba graben. To the southeast of the 
disturbance the extension of the Palmer fault zone shows up clearly 
in the form of two faulted areas connected by a flexure., In the 
geologic map of Missouri and in the geologic map of the Steelville 
Quadrangle (Hendricks, 1954) the Palmer fault is shown to end at 
the eastern boundary of the disturbance. The magnetic map suggests, 
however, that it continues for at least a short distance further 
along the southern edge of the disturbance and may continue beyond 
to the west. 

The northwestern quadrant of the magnetic map is charac- 
terized by the presence of a pronounced north-south trend of the 
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magnetic contours ,  These a r e  be l ieved  t o  r ep resen t  t h e  magnetic 
expression of a subsur face  f a u l t  which c o n s t i t u t e s  t he  western 
boundary of t h e  Cuba graben i n  t h i s  region.  The f a u l t i n g  appears 
deep-seated and may n o t  have a r e a d i l y  observable  s u r f a c e  expression.  
A northward cont inua t ion  of t h i s  f a u l t  i n t e r s e c t s  the southern 
terminus of  t h e  Cuba f a u l t  v i s i b l e  on the  surface 15-20 m i l e s  t o  t h e  
nor th  and it i s  suggested t h a t  the  c l o s e l y  spaced north-south t r end ing  
magnetic contours ref lect  an ex tens ion  of t h e  Cuba f a u l t  which i n  t h e  
Crooked Creek  a r e a  has  a deep-seated expression only.  

The Gravi ty  Survey 

The Bouguer map (Figure 2 )  , r e v e a l s  t h e  presence of s t r o n g  
r eg iona l  t r ends  whose magnitudes and d i r e c t i o n s  do n o t  appear t o  be 
constant .  This i s  n o t  s u r p r i s i n g  s i n c e  c l e a r l y  def ined  anomalies, 
s u f f i c i e n t l y  i n t e n s e  t o  prevent  being obscured by r e g i o n a l  t r e n d s ,  
are n o t  common i n  t h e  Bouguer va lues  obtained i n  t h e  v i c i n i t y  of t h e  
Ozark dome. Never the less ,  a g r a v i t y  low i s  p resen t  j u s t  nor th  of t he  
cen te r  of t h e  Crooked Creek s t r u c t u r e .  A l s o ,  both t h e  Pa lmer  f a u l t  
and t h e  C u b a  f a u l t  extension are c l e a r l y  ev iden t  i n  the  g r a v i t y  
contours a s  excursions from t h e  r eg iona l s  and confirm the  evidence 
from t h e  magnetic map. From t h i s  one concludes t h a t  t h e  magnetic 
and g r a v i t y  lows a s soc ia t ed  wi th  the d is turbance  and the  magnetic 
and g r a v i t y  r e f l e c t i o n s  of t h e  north-south t rending  Cuba f a u l t  and 
t h e  east-west t r end ing  Palmer f a u l t  do indeed e x i s t  s i n c e  t h e  t ak ing  
and p l o t t i n g  of t h e  magnetic readings  i s  completely o b j e c t i v e  and 
the computation of t h e  Bouguer values  i s  p r a c t i c a l l y  so, 

I n  g r a v i t y  work t h e  d e f i n i t i o n  of w h a t  c o n s t i t u t e s  a 
r eg iona l  t r e n d  depends on the type  of s t r u c t u r e  i n  which one happens 
t o  be in te res ted .  Thus,  i n  r e l a t i v e l y  shal low exp lo ra t ion ,  w e  
genera l ly  consider  a l l  e f f e c t s  due t o  deep-seated masses, which w e  
be l i eve  t o  have no bear ing  on t h e  p a r t i c u l a r  problem w e  a r e  s tudying ,  
t o  be " reg iona l  e f f e c t s " .  Obviously, t he  sepa ra t ion  of r eg iona l  and 
l o c a l  e f f e c t s  i s  s u b j e c t  t o  personal  i n t e r p r e t a t i o n ,  I n  1943, t h e  
Missouri Geological Survey i s sued  a Gravimetric Map of Missouri  which 
was compiled from d a t a  obtained from s t a t i o n s  a t  i n t e r v a l s  of one t o  
two m i l e s  along t h e  main roads. This  map r e v e a l s  t h e  r eg iona l  
grav imet r ic  t r end  i n  t h e  Crooked Creek a r e a  f a i r l y  w e l l .  A r e s i d u a l  
g r a v i t y  map (Figure 3 ) ,  prepared by s u b t r a c t i n g  t h i s  r eg iona l  t r end  
from t h e  observed Bouguer va lues ,  revealed a deep, crescent-shaped, 
low of about 2-3 m i l l i g a l s  t o  be centered  about one-half m i l e  no r th  
of t h e  c e n t e r  of t h e  d is turbance  which, it w i l l  be r e c a l l e d ,  i s  3-4 
m i l e s  i n  diameter.  This sharp  g r a v i t y  d e f i c i t  occurs w i t h i n  a broad 
g r a v i t y  low which extends t o  t h e  nor th  and no r theas t  and which s e e m s  
t o  be a s soc ia t ed  w i t h  the  Cuba graben. The g r a v i t y  express ions  of 
t h e  Palmer f a u l t  and the  ex tens ion  of t h e  C u b a  f a u l t  a r e  c l e a r l y  
def ined ,  the  deep-seated na tu re  of t h e  l a t t e r  being revealed by the 
r e g u l a r i t y  i n  t h e  t r end  of t h e  contours .  Maximum r e l i e f  i n  both t h e  
Bouguer and the  r e s i d u a l  g r a v i t y  maps i s  about 13  m i l l i g a l s .  
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The 
magnetic and 

Crooked Creek s t r u c t u r e  i s  cha rac t e r i zed  by both a 
a g r a v i t y  low geophysical  s igna tu re .  Sha t t e r ing  o f  the 

basement rock i s  ind ica t ed .  The s t r u c t u r e  occurs  a t  t h e  southwestern 
corner  of t he  Cuba graben; t h a t  i s ,  a t  t h e  i n t e r s e c t i o n  of  the P a l m e r  
and Cuba f a u l t  zones. The Cuba f a u l t  has no t  been detected a t  t h e  
su r face  i n  t h i s  area. H o w e v e r ,  f a u l t i n g  i n  t he  basement c o n s i s t e n t  
i n  s t r ike  and throw which,  when extended, j o i n s  the  Cuba f a u l t  i s  
revealed i n  both t h e  magnetic and the g r a v i t y  data  and t h e  conclusion 
t h a t  t h i s  deep-seated f a u l t i n g  i s  an extension of t h e  Cuba f a u l t  
seems q u i t e  reasonable.  

A s t r u c t u r e  which b e s t  f i t s  t h e  geophysical data i n  t h e  
d i s tu rbed  area i s  an inve r t ed  cone or  coal s c u t t l e  shaped s t r u c t u r e  
having a dens i ty  d e f i c i t  of -0.13 gm/cm3 w i t h  r e s p e c t  t o  t h e  sur -  
rounding rock and reaching t o  a depth of a t  least  2600 meters below 
t h e  su r face  of t he  basement. This  d e n s i t y  c o n t r a s t  r ep resen t s  .05 
percent  of t h e  assumed dens i ty  of t h e  enveloping rocks and it i s  
suggested t h a t  it i s  t h e  r e s u l t  of t h e  jumbling and s h a t t e r i n g  which 
the rock underwent during t h e  d is turbance .  The a x i s  of t h i s  funnel 
plunges t o  t h e  nor th-nor theas t  w i t h  depth and appears t o  p a r a l l e l  o r  
l i e  upon t h e  plane of t h e  Pa lmer  f a u l t .  

I t  i s  d i f f i c u l t  t o  assess t h e  maximum depth t o  which t h e  
d is turbed  area reaches s i n c e  as one probes deeper w i t h  t h e  magne- 
tometer and t h e  gravimeter t h e  smaller anomalies become overshadowed 
by larger,  m o r e  d i s t a n t  r eg iona l  v a r i a t i o n s .  The data do impose a 
l i m i t i n g  minimum depth,  however, and a shal low bas in- l ike  s t r u c t u r e  
i s  n o t  ind ica ted .  

A l l  t h e  evidence is  c o n s i s t e n t  i n  suggest ing that  t h e  
Crooked Creek s t r u c t u r e  i s  related t o  t h e  t e c t o n i c s  of t h e  region.  
One i s  s t i l l  l e f t  w i t h  t he  p o s s i b i l i t y ,  however, t h a t  t h i s  r e l a t i o n -  
s h i p  w a s  due t o  t h e  t r i g g e r i n g  of i n c i p i e n t  zones of weakness by t h e  
impact of a meteorite. T h e  magnitude of t h e  f a u l t i n g  suggests  t h a t  
t h i s  is a m o s t  un l ike ly  explanat ion.  The P a l m e r  f a u l t  i s  e a s i l y  
traced for  about 36 m i l e s  t o  the east where it branches, t h e  nor thern  
branch l i n k i n g  up w i t h  t h e  S t e .  Genevieve f a u l t  zone, T h i s  zone, i n  
t u r n ,  cont inues f o r  another 75 m i l e s  i n t o  I l l i n o i s  and, it has been 
suggested,  even tua l ly  j o i n s  t h e  Rough Creek f a u l t  zone i n  Kentucky, 
The t o t a l  l ength  of the  f a u l t  zone i n  Missouri alone i s  about 1 0 0  
m i l e s ,  Snyder and Gerdemann (1965) suggest  t h a t  t h i s  zone of weak- 
ness  may cont inue w e s t w a r d  as f a r  as Kansas. T h e  Cuba f a u l t  has been 
mapped on the su r face  for  more than  35 m i l e s  and the r e s u l t s  of  t h i s  
s tudy suggest  it cont inues 15  t o  20  m i l e s  f u r t h e r  south  t o  i n t e r s e c t  
t h e  P a l m e r  f a u l t  a t  t h e  d is turbance .  The C u b a  graben which comprises 
t h e  nor theas te rn  quadrant  of these t w o  i n t e r s e c t i n g  f a u l t  zones 
covers an area of more than 300 square m i l e s .  When w e  consider  t h e  
areal  ex ten t  of these s t r u c t u r a l  f e a t u r e s  it i s  d i f f i c u l t  t o  accept  
t h e  t h e s i s  t h a t  a t e c t o n i c  change of  t h i s  magnitude r e s u l t e d  f r o m  an 
explosive fo rce  which,  a t  the  p o i n t  of release, created such a 
l o c a l i z e d  dis turbance.  
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T h e  s imples t  explana t ion  of t h e  d a t a  i s  t h a t  t h e  i n t e r -  
s e c t i o n  of t h e  P a l m e r  f a u l t  and t h e  Cuba f a u l t  zones of  weakness 
provided t h e  locus ,  t h e  plane of  t h e  P a l m e r  f a u l t  provided the  
guidance and subterranean gases  provided the  explosive force which 
caused t h e  Crooked Creek d is turbance .  A s  f o r  t h e  o r i g i n  of t h e  
gases ,  n o t e  is  taken of t h e  Avon region of diatreme a c t i v i t y  which 
e x i s t s  on t h e  no r theas t e rn  f l ank  of t h e  Ozark dome (Rust, 1937) ,  
(Kidwell, 1 9 4 7 )  I (Snyder and Gerdemann, 1 9 6 5 ) .  These gases  could 
have penet ra ted  t o  t h e  e x i s t i n g  s u r f a c e  o r  could have r e s u l t e d  i n  
a camouflet. The l a t t e r  p o s t u l a t e  has appeal  s i n c e  t h e  geology 
(Hendricks, 1 9 5 4 )  suggests  t h a t  the  s t r u c t u r e  may have been formed 
by doming and subsequent co l l apse .  
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