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New Gravity Anomalies Mapped from Old Data 
Newly applied ways of processing gravity data by computer 

are revealing unsuspected features deep within the earth's crust 

Geophysicists have been poring over 
seemingly abstract, mottled gravity 
maps for years, with mixed success. 
Using the faint variations in the force of 
gravity displayed there, they have been 
able to  look below the surface of the 
earth and to reconstruct how geological 
forces have shaped some parts of the 
crust and upper mantle. On such maps, 
the mid-continent gravity high, for exam- 
ple, is an obvious feature that wriggles 
from the tip of Lake Superior down to 
Kansas; it almost certainly results from 
the slightly stronger pull of gravity of the 
denser rock that oozed into a rift in the 
crust more than half a billion years ago. 
But more subtle variations in the pull of 
gravity have resisted interpretation or  
even detection, in large part because of 
the jumbling together of gravity anoma- 
lies of different strengths originating at 
different depths. 

Within the past year, researches have 
begun using computers to  help sort out 
some of this complexity. Computer pro- 
cessing is providing a rapid means to  
archive and manipulate the hundreds of 
thousands of data points that have been 
in hand for years. Interpretations of the 
new gravity maps are still rather specula- 
tive, but geophysicists and geologists are 
excited by the potential of these maps. A 
1000-kilometer-long strip of anomalously 
low gravity, stretching from Nebraska 
through Missouri, seems to mark a geo- 
logic structure that influences everything 
from earthquakes to the formation of 
caves. A major rift, running from Geor- 
gia to New York, may lie hidden beneath 
the Appalachians. A section of central 
New England seems to be a bit of exotic 
rock ~ a t c h e d  onto the continent. And 
perhaps most speculative of all, a group 
of researchers has suggested that a gravi- 
ty map of Canada and the northern Unit- 
ed States reveals traces of a 2700-kilome- 
ter-wide meteorite crater basin. 

The first attempt at  producing new 
gravity maps by computers was made by 
an informal group of U.S. Geological 
Survey (USGS) researchers.* Their ini- 
tial interest was in earthquakes and haz- 
ards to nuclear power plants. They start- 

*Richard Godson, Thomas Hildenbrand, and Martin 
Kane at Denver, Colorado, and Robert Simpson at 
Menlo Park, California. 

ed with about 475,000 individual mea- 
surements of gravity, most of them from 
the files of the U.S. Defense Mapping 
Agency. That agency is not as interested 
in the structure of the earth's crust as  in 
targeting ballistic missiles. The added 
mass of a mountain or variations in the 
thickness of the earth's crust can pro- 
duce complex variations in the gravity 
field. Although these variations amount 
to  only some hundreds of parts per mil- 
lion, they can throw a missile off course. 

The USGS group, being more con- 
cerned with subsurface geology, first 
used standard processing procedures to  
bring out gravity anomalies originating in 
the crust that were free as possible of 
distortions from certain known sources. 
After putting the gravity measurements 
in a form convenient for processing, they 
adjusted each value to  account for the 
variable elevations-and thus distances 
from the center of the earth's mass-at 
which the measurements were made. 
They then eliminated the effect of the 
mass of rock between the gravimeter and 
sea level, which is the corrected eleva- 
tion for all measurements. These two 
corrections allow for the necessity of 
making measurements at elevations 
above sea level and produce a Bouguer 
gravity map. This form of gravity map 
has been until now the most refined data 
format available for the study of subsur- 
face geology. 

The USGS group went a step farther 
by removing the effects of broad varia- 
tions in the gravity field that complicate 
some types of interpretation. By passing 
the data through a Fourier transform 
filter, they suppressed gravity anomalies 
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having wavelengths greater than 250 
kilometers. These originate for the most 
part in variations in the density of rock 
near the boundary between the crust and 
the mantle at  depths of about 40 kilome- 
ters or more. Gradual changes in density 
near the surface, such as gradually thin- 
ning wedges of sediment, also produce 
broad anomalies that are suppressed by 
such processing. What remains are the 
more subtle gravity anomalies (having 
ranges of a few tens of parts per million 
of gravity) that can be linked to geologi- 
cal features within the crust. "We're 
looking at old data sets in new ways," 
says Robert Simpson of the USGS 
group. "It seems that every time we 
make a new map something jumps out a t  
you. You go back to the original [unpro- 
cessed] map, and it's usually there." The 
problem had been sorting out the anoma- 
lous patterns by eye. 

A new feature receiving considerable 
attention at the moment is the faint band 
of anomalously low gravity that cuts 
diagonally across Missouri, extending 
1000 kilometers from near the southern 
Appalachians to  southeast Nebraska. 
Few researchers are willing to give its 
source a more specific label than "geo- 
logic structure" at  this point. It might be 
a rift that failed to open farther, a suture 
between two pieces of crust that collid- 
ed, or a fault that allowed two sections of 
the crust to slide past each other. 

Whatever the deep geologic source of 
the Missouri gravity low, it appears to  
influence much of the crust above it. 
David Russ of the USGS in Denver notes 
that this low cuts across the New Ma- 
drid, Missouri, area precisely where a 
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southwest-northeast trending zone of 
low-level seismicity makes an abrupt jog 
to the northwest. A parallel but shorter 
gravity low crosses the seismic zone at 
Marked Tree, Arkansas, Russ says, 
where the seismic zone terminates. If 
gravity lows influence the pattern of low- 
level seismicity in the New Madrid area, 
they may affect the great earthquakes 
that are thought to  occur along the same 
trends (the last great earthquakes in this 
area occurred in 181 1 and 1812). 

The Missouri low also seems to affect 
surface features, Russ says: faults and 
streams parallel it, caves are more abun- 
dant within it, and a swell in the base- 
ment rock underlying the surficial sedi- 
mentary rocks parallels it. The recent 10- 
meter upwarping of the Lake County 
uplift and the larger, ancient Pascola 
arch of southeastern Missouri both coin- 
cide with the low. 

Martin Kane of the USGS group has 
suggested possible sources for two other 

erated at shallower depths, such as  faults 
and sutures between plates. These maps 
should be an aid, Simpson says, to deci- 
phering the geology of the ancient rocks 
of the central United States, which are 
now deeply buried by sediments. 

Mathematical smoothing of the maps 
further enhances features generated at  
shallow depths, but it also aids interpre- 
tation in another way. Along with the 
removal of complicating features, the 
Fourier transform filtering process can 
introduce features of its own. These 
flank the real anomalies and create a 
false grain in the map. "Thus," a com- 
mentary to a set of maps cautions, "all 
anomalies must be interpreted with 
care. " Smoothed maps (maps of the sec- 
ond vertical derivative of the filtered 
data) do not introduce a false grain. 

The USGS researchers have not been 
the only ones manipulating gravity data. 
A group at Washington University in St. 
Louis, including Edward Guinness, John 

The Missouri low seems to influence younger 
geological features on the surface. 

features on their gravity map. One fea- 
ture is a series of alternating gravity 
highs and lows, arranged in a pattern 
suggestive of a rift, that runs from north- 
ern Georgia and Alabama to the Pennsyl- 
vania-New York border. Kane specu- 
lates that this proposed rift could have 
been associated with the continental 
margin flanking the ancient ocean that 
preceded the present-day Atlantic. The 
new gravity map also lends additional 
support to the idea that a part of central 
New England is an exotic terrane; that 
is, it was a separate piece of crust, such 
as an island arc, that became plastered 
onto North America when the two collid- 
ed (Science, 7 March 1980, p. 1059). 
Kane independently identified the same 
boundary between the two plates (run- 
ning from central Connecticut to north- 
western Maine) as  was found by other 
researchers using a variety of other geo- 
physical and geological characteristics. 

The USGS group has not limited itself 
to a single manipulation of the gravity 
data. In another map, they removed the 
broad gravity low that dominates the 
western United States by eliminating 
features having wavelengths greater than 
1000 kilometers. That enhances the con- 
trast between smaller scale gravity 
anomalies in the West. Removal of fea- 
tures having wavelengths greater than 
125 kilometers produces another map 
that emphasizes gravity anomalies gen- 

Strebeck, Raymond Arvidson, Klaus 
Schulz, and Geoffrey Davies, has drawn 
on the same gravity data, but they pro- 
cessed it with a space-age twist. In a 
project to study the geologic structure 
and ore deposits of southeast Missouri. 
they borrowed the computer program 
originally used to make topographic 
maps from the altimeter data of the Pio- 
neer Venus orbiter. This program pro- 
duces a continuous image from discrete 
data points, filtering out or greatly sup- 
pressing features having wavelengths of 
about 20 kilometers or less. The data can 
be filtered further by wavelength, en- 
hanced with the use of techniques previ- 
ously applied to images of the planets, or 
blended with topographic data in a color 
map. 

The Washington University group's 
first gravity map, covering southeast 
Missouri, showed an interesting gravity 
low, but it went off the edge of the map. 
A map of the entire state did not reveal 
an end to the low either. Finally, the 
group prepared a national map, which 
showed the true 1000-kilometer extent of 
the low. Both groups of researchers, 
pursuing different goals and using slight- 
ly different methods, had uncovered the 
same Missouri gravity low. 

The Washington University group sug- 
gests that the most plausible source for 
the Missouri low may be a fault emerging 
from the mid-continent rift o r  a separate 

failed rift. They agree that, whatever the 
source, it seems to influence younger 
geological features on the surface. In 
addition to apparent correlations in Mis- 
souri with seismicity, faulting, and the 
intrusion of volcanic rocks, they note an 
alignment of the low with variations in 
gravity and topography (including the 
Platt River) across Nebraska and into 
Wyoming. Arvidson cautions that, at 
this stage of their work, the alignment is 
only suggestive. 

Geophysicists are impressed with the 
prospects for computer processing of 
gravity data, but it appears that simply 
gathering the available data into compre- 
hensive maps could be a considerable aid 
to interpretation. For example, John 
Klasner of Western Illinois University, 
William Cannon of the USGS in Reston, 
Virginia, and Schulz have compiled, for 
the first time, a single gravity map of 
central Canada and the northern United 
States. Much to their surprise, they had 
pieced together a pattern of at least three 
concentric zones 2800 kilometers in di- 
ameter centered between Hudson Bay 
and Lake Superior. The visual confusion 
created by shorter wavelength anomalies 
had made the pattern difficult to  recog- 
nize except on maps covering the entire 
region, they say. The broad pattern 
might have been created by the impact of 
a meteoroid the size of the state of Dela- 
ware, they speculate. 

Geophysical map making is continuing 
apace. In addition to the USGS and 
Washington University filtered maps, a 
national Bouguer gravity map will be 
released in the fall of 1982 by the USGS 
and the Society of Exploration Geophys- 
icists (SEG). This map will form part of a 
gravity map of North America expected 
to be released by 1984 as  part of the 
Geological Society of America's Decade 
of North American Geology. The USGS 
and SEG will also be releasing this fall a 
U.S. map of magnetic anomalies that will 
become part of a North American map. 
Magnetic maps complement gravity 
maps by indicating rock composition 
rather than changes in its density. Unfor- 
tunately, not all the magnetic data are in 
digital form yet. so they cannot be ma- 
nipulated in the way that the gravity data 
are.--RICHARD A. KERR 
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