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ABSTRACT

A seismic reflection study conducted in Rice
County, Kansas reveals local geology related to regional
Kansas stratigraphic and structural features. The geo-
logical history includes periods of deformation during
the Ordovician, Devonian, and Mississippian with alter-
nating uplift and subsidence, followed by cyclic sedi-
mentation through the Pennsylvanian and Permian.
Regional tilting to the south in the Pennsylvanian, to
the west in the Permian, and to the northwest in the
Cretaceous produces a composite northwesterly dip. Ero-
sion during pronounced unconformities of the
Devonian, Mississippian, and Cretaceous, and intercyclic
hiatuses create further alterations of parallel strata.
Applications of seismic stratigraphic principles indi-
cate regional features of dipping divergent reflections
associated with development of the Central Kansas Uplift
and the Salina Basin. Superimposed upon these features
of the Early Paleozoic are related local geologic ex-
pressions, which are observed on the seismic section as
discordant dipping and arcuate reflections and diffrac-
tions characteristic of eroded folds and upthrown fault
blocks. The Early Paleozoic sequence underlies a thick

series of continuous, parallel, high to low amplitude



reflections characteristic of cyclic shelf facies.
Seismic expressions, constrained by previous geological

and geophysical studies, generate the most informed

interpretation of the geology of Rice County.
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INTRODUCTION

The Salina Basin, the Central Kansas Uplift, and
the Sedgwick Basin Precambrian basement features inter-
sect near Rice County, Kansas (Figures 1 and 2).

Since the Middle Ordovician Kansas has undergone five
periods of deformation (Lee, 1956; Merriam, 1963). In
Rice County, along the southeasternmost flank of the
Salina Basin, deformation has resulted in complex
folding and faulting. In general, thickening and thin-
ning of formations as encountered in wells indicates the
deformational events. Through reflection seismology a
continuous geologic cross-section can be constructed to
reveal the particular erosional and depositional
sequence, boundary relationships, folding, and faulting

for this area.

PURPOSE OF STUDY

The purpose of this study is to identify local
structural and stratigraphic features and to interpret
structural history associated with the southeastern edge
of the Salina Basin using reflection seismology and the
methods of seismic stratigraphy. Ongoing analysis of
well logs has resulted in questions about the subsurface

geology (K.D. Newell, K.P. Blair, pers. comm., 1984).

Early Paleozoic stratigraphic and structural relation-
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Figure 1 - Present generalized structural features of
Kansas basement topography (after Paul, 1979).
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Figure 2 - Elevation of the top of the Precambrian
basement (after Cole, 1976), with location of Rice
County seismic section (arrow). Topography indicates
portions of the Central Kansas Uplift in Barton,
Ellsworth and Rice Counties, and portions of the Salina
Basin and the Sedgwick Basin in Saline and McPherson
Counties, respectively. Scale 1:500,000.




ships within the Salina Basin, the Sedgwick Basin, and
the Central Kansas Uplift vary over much smaller dis-
tances than well control illuminates. The lateral con-
tinuity of a seismic section, controlled by the well
data, is needed for a more correct interpretation.

Of particular interest is the extent and character
of a limestone within the Mississippian-Devonian
Chattanooga Shale. Wells have encountered the limestone
at a depth averaging 1,050 meters below ground surface,
and show a maximum thickness for the unit of 21 meters
at the western edge of the seismic section. Well log
data indicate thinning or faulting out of this
Chattanooga limestone (Figure 3). The seismic reflec-
tion survey conducted in Rice County for this study is
located over the limestone unit. It is known (Newell,
in prep.) that the limestone thins to the east and is
missing under the eastern edge of the seismic section.
Modeling using synthetic seismograms, and interpretation
using seismic stratigraphic analysis, have helped to

define this and other subsurface features in the area.

SEISMIC STUDY LOCATION AND ACQUISITON PARAMETERS

In an effort to better understand the structure of

the southwestern flank of the Salina Basin, MiniSOSIE

(Barbier et al., 1976) reflection seismic data were
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acquired by the Kansas Geological Survey (KGS)
Geophysics and Geochemistry Section under the super-
vision of Ralph Knapp during the summer of 1983. The
east-west line, located 3.2 km (2 miles) south of U.S.
Highway 56 (Lyons, Kansas), extended 11.2 km (7 miles)
from 1.6 km (1 mile) west to 9.6 km (6 miles) east of
Kansas Highway 96 (Figure 4). An earth compactor energy
source provided the input signal. End-on common depth
point (CDP) geometry with twelve-fold coverage (Table 1)
was used. The reflected seismic energy was sensed by a
linear array of geophones on the earth's surface, and

recorded by an I/0 DHR 2400 24-channel recording system.

GEOLOGICAL AND GEOPHYSICAL BACKGROUND

The area for this study lies on the southeastern
margin of the Salina Basin and is flanked to the south-
east by the Central Kansas Uplift. The stratigraphy and
structure, therefore, differ significantly from regional
Salina Basin geology. Studies to date (Lee, 1956; Ehm,
1965; Bayne and Ward, 1974) have relied on well cut-
tings, cores and electrical logs, and have at times
interpolated over spatial gaps of several square miles.
Ongoing research (Newell, in prep.; Berendsen and Blair,

in press) is based primarily on the larger present

database of electrical well logs, although gaps in
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Table 1 - RICE COUNTY REFLECTION SEISMIC LINE

DATA ACQUISITION PARAMETERS

Record length
Sampling interval

Source

Vertical stack
Dominant frequency
Source interval
Source array
Receiver interval

Receiver array

Recording geometry

Near offset

Far offset

Filters: lowcut
highcut

notch

1 second
2 milliseconds

MiniSOSIE earth
compactor

2,000 pulses/shotpoint
80 Hz

17 m. (55 ft.)

Linear, continuous

17 m. (55 ft.)

17 m. (55 ft.), linear
10 receivers, equally
spaced

End on, 24-channel, CDP
226 m. (742.5 ft.)

612 m. (2,007.5 ft.)

55 Hz (24 dB/octave
rolloff)

125 Hz (24 dB/octave
rolloff)

60 Hz (60 dB/octave
rolloff)




control must still be extrapolated according to current

geological models.

STRATIGRAPHY - Regional and Local
Shown in Fiqure S5 is the Type Log for Rice County.
For this study only gross stratigraphic features that
can be seismically expressed will be described. Primary

stratigraphic references for the Precambrian are from

Bickford, et al. (1981), and Van Schmus and Bickford

(1981); for the Cambrian through Mississippian are from

Lee (1956) and Zeller (1968); for the Pennsylvanian
through Cretaceous are from Lee (1956), Zeller (1968),

and Merriam (1963).

Rocks of Precambrian Age

Through core samples and cuttings the upper ten

meters of the Proterozoic crust of Kansas has been dated

by U/Pb and Rb/Sr methods and correlated to exposed
Precambrian rocks outside the state (Bickford, et al.,
1981; van Schmus and Bickford, 1981). Their map of

compiled basement rock types for the mid-continent

(Figure 6) shows an older northern terrane formed about
1630 Ma and composed primarily of sheared mesozonal
granite to granodiorite with smaller amounts of meta-
sedimentary rocks, primarily quartzite. The northern

terrane extends from northern Kansas and Missouri

_
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through all of Nebraska. None of the rocks contain
minerals indicative of medium- or high-grade
metamorphism, although extensive shearing has occurred.
A number of anorogenic granitic plutons intruded the
northern terrane between 1380 and 1480 Ma, and can be
correlated with the epizonal granites of the southern
terrane. Two cores recovered from intrusions were ana-
lysed as part of a scientific drilling program (Steeples
and Bickford, 1981). Gravity and magnetic modelling of
the intrusions indicate that they are each roughly 15 km
in diameter and extend down from the Precambrian surface
approximately 10 km.

Extending from northern Ohio through Indiana and
Illinois, cutting down across southern Missouri and
Kansas, through Oklahoma and into the Texas panhandle,
the southern terrane dates from 1470 + 20 Ma in the
exposed St. Francois Mountains of southeastern Missouri
to 1380 + 20 Ma in basement cores from southern Kansas
and northeastern Oklahoma, and exposures in the Arbuckle
Mountains of southern Oklahoma. The southern terrane is
composed of epizonal granitic plutons and extensive
rhyolitic to dacitic volcanic rocks, primarily ash flow
tuff. Metamorphism is non-penetrative, consisting only

of slight recrystallization of groundmass. Intermediate

and mafic igneous and sedimentary rocks are absent from




4

both terranes.
From statewide gravity surveys (Yarger and Lam,

1982) the southern terrane shows a broad 30~ to 40-

milligal positive anomaly (Figure 7). This is contrary
to the low-density rhyolites obtained from core samples,
and suggests an extensive high-density body at.depth
(Yarger and Lam, 1982). The aeromagnetic survey of the
State (Yarger, 1983) indicates an abrupt northwest-
trending boundary between the northern and southern

terranes (Figure 8). A prominent magnetic low under

Wichita is shown in Figures 9 and 10. The low is as-
sumed to be connected to a transition zone between the
southern and northern terranes, but shows greater than
usual depth in the area of Wichita. The magnetic low
extends into Rice County suggesting that the Precambrian
granites in that area are from a transitional or
combined source.

The Consortium for Continental Reflection Profiling
(COCORP) has recently finished a series of deep seismic

reflection lines, using a Vibroseis source, across

northeastern Kansas (Serpa, et al., 1984; Brown, et al.,
1983) (Figure 11). Below the sedimentary section the

upper 10 km of Precambrian crust shows few reflectors,

giving the appearance of a thick homogeneous layer.

Considering the presumed mechanics of crustal formation,

_
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Figure 7 - Bouguer gravity map of eastern half of State
of Kansas (after Yarger, et al., 1983), with .1-milligal
resolution. High-density anomaly associated with the

southern terrane is shown in the southeastern corner.
Scale 1:500,000.
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Figure 8 - Aeromagnetic map of Kansas (from Yarger,
1983), reduced to pole and high frequency pass filtered.
Abrupt change in frequencies suggests contact between
the northern and southern terranes. The solid line
interprets this contact. Location of Rice County
seismic section is shown in center of the State.
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Figure 9 - Aeromagnetic map of Kansas (from Yarger,
1983), reduced to pole and downward continued to 850
meters. Northeast trending Central North American Rift
System and small circular intrusives are shown as
positive magnetic anomalies; Rice Formation arkoses and
large area of transition zone granites in southeastern
Kansas are shown as negative magnetic anomalies.
Location of Rice County seismic section is shown in
center of the State.
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Figure 10 - Aeromagnetic map of Kansas (from Yarger,
1983), reduced to pole and upward continued to 9 km
above sea level. Magnetic low (Wichita low) associated
with transition zone granites defines terrane boundary
in southeastern Kansas. Magnetic highs under Salina and
Forest City Basins suggest mafic intrusions which may
have caused zones of weakness and subsequent basin
foundering. Location of Rice County seismic section is
shown in center of the State.
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Figure 11 - Line drawing of COCORP seismic reflection line and coincident
gravity profile across eastern Kansas (after Serpa, et al., 1984). Granites
in the upper 10 seconds display very few reflections.
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this "layer" is interpreted as a predominance of grani-
tic materials emplaced as composite plutons (Brown, et
al., 1983).

Keweenawan rifting, an aborted breakup of the North
American continental crust, occurred between 1000-1200
Ma from the western side of Lake Superior to central
Oklahoma (King and Zeitz, 1971). The rift, designated
the Central North American Rift System (CNARS), does not
rest on older continental crust, but is a separation of
the crust, as evidenced by an abundance of interstrat-
ified thick basalt flows and arkosic sandstones (Figure
12) (Brown, et al., 1983; Serpa, et al., 1984; Ocola and
Meyer, 1973) which overlie mafic intrusions (Somanas,
1984). In Kansas the rift is flanked by the Rice
Formation arkosic sandstone. A deep well in Michigan
(Sleep and Sloss, 1978) is thought to penetrate a south-
eastward extension of the rift. Samples of Precambrian
redbeds and gabbro were recovered from the well and
suggest subsidence and sedimentary deposition coeval
with rifting and mantle diapirism. From aeromagnetic
data, the rifting is shown to continue to the later
stages of wvulcanism, crustal foundering, and terrigenous
sediment deposition only in the northcentral part of the

state (Yarger, 1983). The Rice Formation, indicated by

the white magnetic low and the gravity low around the
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Figure 12- Line drawing of COCORP seismic reflection line (after
Serpa, et al., 1984). Enlargement of section across the Central North
American Rift System shows the asymmetric basin of layered basalts and
arkoses (CDP's 1600-2000, 1-3 sec.). The basin underlies associated
graded arkoses which lap out onto massive reflectionless granites.
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CNARS (Figures 7, 9, and 13), is a thick deposit of
nonmagnetic, low-density sediments (Yarger, 1983)
(Yarger and Lam, 1982). The western margin of the Rice
Formation intersects the Rice County seismic section

(Figure 13; Yarger and Lam, 1982).

Rocks of Cambrian and Ordovician Age

The Late Cambrian Lamotte Sandstone and Bonneterre
Dolomite Formations, like the Precambrian rocks, are
described from wells on the Central Kansas Uplift (Lee,
1956). The Lamotte grades from arkose to sandy dolomite
with an average thickness of 30 meters. Above it the
Bonneterre is a glauconitic non-cherty dolomite which is
often erroneously associated with the Arbuckle dolomites
(Zeller, 1968). Due to erosion it feathers out on the
Central Kansas Uplift, and may be as thick as 50 meters
in basin areas.

The Arbuckle Group spans the time between Late
Cambrian and Middle Ordovician to include all units up
until Simpson., Gas and oil accumulations at the top
of the Arbuckle make it one of the major producing
horizons in the State. The Arbuckle is also used for
gas storage in the area of the Rice County seismic
section. The Arbuckle consists of six dolomite forma-

tions for a total thickness of 200 meters. Many

Arbuckle formations contain chert, and the Roubidoux, in
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Figure 13 - Bouguer gravity map of central Kansas (after Yarger, et
al., 1983). Enlargement of area surrounding Rice County showing
gravity low of eastern Rice County between the gravity highs of the
Central North American Rift System to the east and the Central Kansas
Uplift to the west. The gravity low is associated with low density
Rice Formation arkosic sandstones. Contour interval = 1 milligal.
Location of seismic line is shown near the center of Rice County.
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particular, contains sandstone. Continuous layers of
sandstones and chert may give the Arbuckle the layered
appearance reflected in the seismic section.

The Middle Ordovician Simpson Group consists, in

ascending order, of unnamed beds of sandstones and
shales, the St. Peter Sandstone Formation, and the
Platteville Formation (Zeller, 1968). 1In Rice County
the Simpson is composed of undifferentiated sandstones
and shales, and thin sandy limestones and dolomites
(Lee, 1956). Unconformities define both boundaries of
the Simpson. The interval thickness locally is rela-
tively constant at 18 meters. The Simpson thickens
toward the center of the North Kansas Basin, the basin
which formed in the area of the Salina and Forest City
Basins from Middle Ordovician to Middle Mississippian
time (see section on Structural Background).

The Middle Ordovician Viola Limestone Formation is
a variable sequence of limestones and dolomites and
discontinuous chert zones with unconformities existing
at both upper and lower boundaries. The Viola also
thickens, although irregularly due to erosional and
structural relief, northeastward from Rice County into
the North Kansas Basin. Thickness ranges from 0 to 15

meters along the Rice County seismic section.

_
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The Upper Ordovician Maquoketa Shale Formation in
Rice County includes a basal dolomite and an upper
dolomitic shale. The top of the Maquoketa is unconfor-
mable with the Devonian-Mississippian Chattanooga Shale
Formation as a consequence of the erosion of the pre-
Chattanooga McPherson Valley and its tributaries. The
McPherson Valley is a local erosional feature extending
through parts of McPherson, Marion, Reno, and Rice
Counties (Figure 3). Thickness for the Maquoketa ranges
from 0 to 12 meters along the Rice County seismic sec-
tion, and regionally ranges from 10 to 40 meters, the
variation due primarily to relief on the surface

underlying the Viola.

Rocks of Silurian and Devonian Age

The Hunton Group consists of limestones and dolo-
mites deposited during the Silurian and Devonian, before
deposition of the Chattanooga. Although these rocks
reach a thickness of 150 meters in the center of the
North Kansas Basin, pre-Chattanooga erosion of the
McPherson Valley has resulted in their complete removal

in the area of the Rice County seismic section.

Rocks of Devonian or Mississippian Age

The Chattanooga Formation lies between rocks of

definite Devonian age and definite Mississippian age




26

(Zeller, 1968). It consists of the basal Misener
Sandstone Member, over which the black-to-grey sequence
of Chattanooga Shale effectively fills in pre-
Chattanooga erosional features. The Misener appears to
be thickest near where the Chattanooga laps onto the
Simpson Group, and is probably derived from the Simpson
(K.D. Newell, pers. comm., 1984). The Chattanooga lime-
stone unit separates the lower and upper shale units and
is limited to the western margin of the tributary to the
McPherson Valley (Figure 3). It thins as it extends
into the valley and may either wedge out or terminate
abruptly. Thickness of the Chattanooga limestone ranges
from 0 to 20 meters across the Rice County seismic
section, and reaches 75 meters in the deepest parts of

the McPherson Valley and North Kansas Basin.

Rocks of Mississippian Age

Episodically during Late Mississippian time and
continuing until Late Pennsylvanian, the Central Kansas
Uplift and the Nemaha Anticline rose, creating between
them the Salina Basin (Rascoe and Adler, 1983; Kluth and
Coney, 1981; Lee, 1956). Mississippian formations pre-
sent in the Salina Basin consist in ascending order of
the Boice Shale Formation, and carbonate rocks of the

Kinderhookian, Osagian, and Meramecian Stages. Thickness

in the center of the Salina Basin averages 100 meters,
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although in the area of the Rice County seismic section,
erosion after the uplift of the Central Kansas Uplift
caused removal of the Mississippian formations and

bevelled the top of the Chattanooga.

Rocks of Pennsylvanian Age

Both Pennsylvanian and Permian rocks consist of
complete and partial sequences of cyclothems. Composed
primarily of alternating limestones and shales, each
intact cyclothem represents a transgression and regres-
sion of the sea (Merriam, 1963). Subaerial exposure of
limestone units resulted in intercyclic erosion (Lee,
1956), creating channels within the limestone which were
filled in with fluvial sandstones and transgressive
deposits of shales. Many of the Pennsylvanian lime-
stones are argillaceous and interfinger with shales in
southern Kansas.

Throughout the Early Pennsylvanian, episodes of
folding similar in trend to those at the end of
Mississippian time deepened the Salina Basin and raised
the Nemaha Anticline and Central Kansas Uplift above sea
level. As a result during the Middle Pennsylvanian only
the Pennsylvanian basal conglomerate was deposited over

the pre-Pennsylvanian unconformity in the area of the

Rice County seismic section (Lee, 1939), although the
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Cherokee and Marmaton Groups of the Middle Pennsylvanian
Desmoinesian Series average 120 meters in thickness in
the center of the Salina Basin. The Pennsylvanian
basal conglomeréte ranges in thickness from featheredge

to 30 meters across the Rice County seismic section.

Missourian Stage--The Pleasanton Group begins the

Late Pennsylvanian (Zeller, 1968) and is composed in
Rice County of undifferentiated shales and sandstones
(Lee, 1956). The group average thickness in Rice County
is 15 meters, and is slightly less in the center of the
Salina Basin. It thickens toward southeastern Kansas
and wedges out over the Central Kansas Uplift.

Above the Pleasanton, the Kansas City and then
Lansing Groups include cyclothems, and are composed
primarily of thick limestones separated by thin shales
that show a frequent occurrence of intercyclical ero-
sion. Thickened limestone lenses and oolitic shoals,
representing a marine slope environment, are scattered
throughout the Upper Kansas City and Lansing. As do all
the Late Pennsylvanian groups, the Kansas City and
Lansing Groups thicken to the southeast in response to
the Ouachita Orogeny and the related subsidence of the
Anadarko Basin. Movement along the Nemaha Anticline and

Central Kansas Uplift slowed during the Missourian. The

upper units of the Kansas City and all units above
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succeeded in covering the tops of both features. The
thickness of the Kansas City Group averages 70 meters in
the center of the Salina Basin and in the area of the
Rice County seismic section, and is 100 meters at the
saddle to the south between the Salina Basin and the
Sedgwick Embayment. The Lansing attains a thickness of
20 meters in Rice County, compared to 12 meters in the
center of the Salina Basin and 40 meters in southeastern

Kansas.

Virgilian Stage--The first group of the Virgilian,

the Douglas Group, consists of several thick shale mem-
bers often with interbedded sandstones and coal beds,
and minor amounts of limestone. An unconformity sepa-
rates the two formations of the group, the Stranger
below and the Lawrence above. Considerable topographic
relief resulted from the depositional hiatus, which was
filled in by the shales and sandstones of the Lawrence
Formation. Due to the erosional relief, thickness for
the Douglas ranges from 30 to 130 meters throughout
eastern Kansas, and averages 50 meters along the Rice
County seismic section (Lee, 1956).

The Shawnee Group consists of four limestone forma-

tions separated by three shale formations, each con-

taining multiple cyclothems. The Shawnee is similar in
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lithology to the Kansas City and Lansing Groups, having
thick limestones with shales interstratified. The
shales are black and radioactive and a pattern exists of
dense fusulinid limestone beneath each shale and fos-
siliferous cherty limestone above. The Oread Limestone
Formation at the base of the Shawnee Group contains four
cyclothems and is easily identified in electrical logs

and cores by the 3-meter Heebner Shale Member. The

shales within the Shawnee Group, and to minor extent the
limestones, thicken to the southeast. The thickness of
the Shawnee Group ranges from 90 to 100 meters in the
Salina Basin. Thickness is 80 meters on the crest of
the Central Kansas Uplift, and averages 110 meters along
the Rice County seismic line. By Virgilian time the
Salina Basin had developed into a structural embayment,
opening to the north, with all units thickening to the
southeast (Lee, 1956).

Cyclothems of the Wabaunsee Group, the top group of
the virgilian, are separated into twenty-eight forma-
tions composed of alternating, nondistinctive, thin
limestones and thicker shales. Limestones form only
twenty percent of the group, averaging 2 meters each in
thickness. The shales commonly contain discontinuous
sandstone and coal beds. Many of the thinner units

appear discontinuous due to intercyclical erosion or

S
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depositional patterns. Overall thickness of the
Wabaunsee is 110 meters in the central Salina Basin, 100
meters on the crest of the Central Kansas Uplift, and

140 meters along the Rice County seismic line.

Rocks of Permian Age

Cyclothems composed of alternating limestones and
shales continue into the Lower Permian. Shale units
undergo a transition from black and grey to red, and
cyclothems yield to siltstone redbeds and evaporite
deposits in the upper two stages of the Lower Permian.
The Permian in Kansas is divided in ascending order into
the Wolfcampian, Leonardian, and Guadalupian Stages, and
is separated from the Pennsylvanian below and the

Quaternary above by angular unconformities.

Wolfcampian Stage-~-The Admire Group, the lower in

the Wolfcampian, is dominated by shales with few thin
limestones, similar to the Wabaunsee below. Formations
below the Falls City Limestone Formation serve to fill
in the minimal erosional relief resulting from the post-
Pennsylvanian unconformity. Thickness of the Admire is
a relatively constant 30 meters across the Central
Kansas Uplift, the Salina Basin and the Rice County

seismic section, indicating little uplift or subsidence

through Wolfcampian time.
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The Admire is overlain by the Council Grove Group,
which consists of alternating thin shales and limestones
in equal proportions. Shales are grey to red and often
calcareous. Some limestones are argillaceous and inter-
stratified with thin shales. Average thickness for
Kansas and across the seismic section is 100 meters.

The Chase Group is composed of thicker (10-30
meters) limestones and shales in equal proportion and
represents the last of the Kansas cyclothems. Lime-
stones are commonly cherty and, where they crop out,
provide the flint of Kansas' Flint Hills. Shales are
variegated, but predominantly red, indicating the tran-
sition from cyclothems to redbéds. Average thickness
for the Chase in Kansas and along the seismic line is

110 meters.

Leonardian Stage--The lower of the Leonardian

groups, the Sumner Group, contains interstratified anhy-
drite and shale beds under a salt unit, the 100-meter-
thick Hutchinson Salt Member. The Hutchinson Salt
underlies very thick beds of red and grey siltstones and
shales of the Ninnescah Shale Formation. A thin anhy-
drite unit, the Stone Corral Formation, tops the Sumner
Group. Where the salt exists, group thickness averages

365 meters in southern Kansas and 300 meters in Rice

County. Thickness where Hutchinson Salt has been
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dissolved, to the north and east of the study area,
averages 200 meters.

The Nippewalla Group, above the Sumner, is repre-
sented by the lower formations only, as the hiatus
before the Cretaceous stripped away upper Nippewalla as
well as the entire Guadalupian Stage in Rice County.
Left below the unconformity, red sandstones and shales
of the Nippewalla average 50 meters in the area of the

Rice County seismic line.

Rocks of Cretaceous to Quaternary Age

Cretaceous rocks up to 300 meters thick cover the
western margin of the Salina Basin, although the rest of
the Permian in the basin is covered in part by Tertiary
and Quaternary alluvium to depths of up to 50 meters.
Quaternary alluvium covers the Rice County seismic sec-

tion to 5 meters in the Cow Creek floodplain.

STRUCTURE - Regional and Local
Structural history of Rice County and Kansas re-
quires a general overview of the entire North American
midcontinent tectonic sequence of events. Epierogenic
movements, as well as periods of no movement, within the

State were often related to tectonic events that took

place at the boundaries of the North American continent.
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During the Middle Proterozoic, at about 1380 Ma
(Figure 14), emplacement of southern terrane plutons
occurred in the northern terrane in Kansas. 1380 Ma is
the age of the southern terrane in Kansas and may be the
age of accretion to the northern terrane (Van Schmus and
Bickford, 1981). Gravity and aeromagnetic data suggest
the delineation of the terrane boundary through Kansas
(Yarger and Lam, 1982; Yarger, 1983) (Figures 7 and 10).

During the Late Proterozoic, 1100 Ma, (Figure 15),
Keweenawan rifting occurred from the Superior Basin into
Kansas along the Central North American Rift System
(CNARS) (King and Zeitz, 1979). Related deposition of
basalts and of Rice Formation arkosic sandstones filled
and surrounded the rift zone (Yarger and Lam, 1982;
Yarger, 1983).

During the Cambrian through the Early Ordovician,
(Figures 16 and 17), a stable craton with subsiding
shelves and aulacogens developed in the midcontinent
area (Sloss, 1980). The Cambridge Arch and Central
Kansas Uplift emerged as a southeastern extension of the
Transcontinental Arch (Merriam, 1963). The Anadarko
Basin, considered a Precambrian aulacogen (Brewer, et
al., 1983), extends into Kansas as the Southwestern

Kansas Basin (Sloss, 1980). The Anadarko Basin at this

time was possibly a flexural subsidence (Sloss, 1980),
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Figure 16 - Structural features of the Midcontinent:

Cambrian through Early Ordovician,
¥ = location of Rice County seismic section.
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interval is 250 feet. Structure of Southeastern
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indicated by thickening in southwestern Kansas.
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which might account for contemporaneous uplift of the
Southeast Nebraska Arch. Erosion remnants of granite
porphyry of Proterozoic age formed the Ozark Dome
(Sloss, 1980).

From the Middle Ordovician to the Middle
Mississippian (Figures 18A and 19), intracratonic basins
and domes developed. The earlier positive features of
the Transcontinental Arch and Ozark Dome subsided, and
the Anadarko Basin continued to subside (Sloss, 1980).
The Chautauqua Arch was an extension of the Ozark Dome
during the Middle to Late Ordovician (Jewett, 1951).
Episodic uplift from the Middle Ordovician through the
Middle Mississippian extended the area of the Central
Kansas Uplift southeastward (Lee, 1956). Subsidence of
the Southeast Nebraska Arch into the North Kansas Basin
staried in Middle Ordovician time. The Ozark Dome sub-
sided to form the Ozark Basin during Devonian time. The
area was again uplifted in the Mississippian as the
Ozark Uplift (Lee, 1956).

During the Late Mississippian through the Early
Pennsylvanian (Figures 18B and 20), collision of South
America-Africa into the southern margin of North America
produced epeirogenic uplift in Kansas of the Central

Kansas Uplift and Nemaha Anticline, and associated sub-

sidence of the Salina and Forest City Basins. Related
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orogenic activity along the Ouachita fold and thrust
belt began in Late Mississippian and reached a climax in
Early Pennsylvanian (late Atokan) or Middle
Pennsylvanian (early Desmoinesian) time. Rapid subsi-
dence of the Anadarko Basin and uplift along the nearby
Wichita Uplift were caused by shearing along the earlier
aulacogenic fault zone. Continental margin subsidence
produced the Arkoma Basin and its extension into Texas,
the Fort Worth Basin (Kluth and Coney, 1981).

From the Middle Pennsylvanian through the Early
Permian, (Figure 21), southwestward migration of oro-
genic activity in response to the collision of South
America-Africa into North America resulted in continued
thrusting in the Ouachita belt and initial thrusting in
the Marathon fold and thrust belt in southwestern Texas.
During the Middle Pennsylvanian activity slowed in
Kansas as upthrusting of the Ancestral Rocky Mountains
developed rapidly. From Late Pennsylvanian to Early
Permian, movement slowed along the Ancestral Rocky
Mountains and Ouachita fold and thrust belt (Kluth and
Coney, 1981). Movement along the Central Kansas Uplift
and Nemaha Anticline ceased by Late Pennsylvanian, and
regional tilting into the Anadarko Basin began (Lee,

1956). Development of the Wolfcampian Hugoton

Embayment, as a northward extension of the Anadarko
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Basin (Rascoe and Adler, 1983) caused regional tilting
of Kansas strata to the west (Merriam, 1963; Lee, 1956).
During the Cretaceous, (Figure 22), the Denver
Basin, a foreland basin formed during the Sevier
Orogeny, caused regional tilting of Kansas strata

northwestward (Merriam, 1963; Lee, 1956).

SUMMARY - LOCAL GEOLOGY

The area of the Rice County seismic line contains
complex flank structure between the Central Kansas
Uplift and the Salina Basin (Figure 2). Superposed upon
this, the local geology reveals trends similar to those
regional., Formation thicknesses are generally inter-
mediate of those reported for the Central Kansas Uplift
and the Salina Basin, although unconformable basal con-
glomerates, which are locally flank deposits, are
thicker, as expected. The Chattanocoga Misener and the
Pennsylvanian basal conglomerate, in particular, are
thick flank deposits, thinning to featheredge in the
Salina Basin and terminating due to nondeposition
against the Central Kansas Uplift.

Although no wells along the reflection profile
penetrate the Precambrian, aeromagnetic and gravity data

suggest the presence of shallow gradational arkosic

sandstones of the Rice Formation under the eastern one-
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half of the seismic line (Figures 9 and 13). A magnetic

low, indicating a much deeper, and less magnetic source
in the Precambrian underlies the entire line (Figure
10). This material is considered a transition zone
between the rocks of the northern and southern terranes
of Van Schmus and Bickford (1981) (Yarger, 1983) and a
deeper seismic investigation may give a greater under-
standing of the Precambrian mechanics involved in this
type of suture zone.

Through Ordovician and Devonian time uplift of the
Central Kansas Uplift, and erosion of the McPherson
Valley, resulted in erosion of the Hunton Group. The
crest of the Central Kansas Uplift begins just west of
the cross-section in Figure 23, and the McPherson Valley
begins east of the unnamed anticline located between
CDP's 600 and 700 in Figure 23, From the pre-
Chattancoga subcrop map (Figure 24) a few of the series
of en echelon anticlines parallel to the Central Kansas
Uplift expose the Viola beneath the Chattanooga. Fur-
ther to the west Maquoketa Shale crops out against the
Central Kansas Uplift. In the extreme eastern part of
the map the Viola is also exposed due to erosion of the
McPherson Valley (Lee, 1956).

Accelerated tectonic activity in Mississippian time

produced continued folding on the unnamed en echelon
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anticlines. In the subcrop map of the pre-Pennsylvanian
unconformity (Figures 25 and 26) a regional outcrop
pattern of progressively older strata from east to west
shows the extent of the flank of the Central Kansas
Uplift.

A closer look at the unnamed anticline (Figure 27)
indicates variable dip to the east of less than two
degrees of all beds below the Pennsylvanian basal con-
glomerate. Reverse faulting on the west side of the
anticline (Dan Rush, pers. comm., 1984) forms a cuesta.
The nose was eroded along the fault plane into the
Simpson to form a river valley. During the Middle
Pennsylvanian folding had ceased and the valley was
filled with Pennsylvanian basal conglomerate. Thinning
above the nose is evident from Middle through Late
Pennsylvanian time and indicates differential compaction
and the probable existence of a river valley from Middle
to Late Pennsylvanian time.

Also shown on the pre-Pennsylvanian subcrop map
(Figure 26), the Chattanooga limestone unit crops out
onto the Central Kansas Uplift and reveals a pattern of
folding parallel to the Central Kansas Uplift. An ap-
proximate location of where the Chattanooga limestone

ceases to exist to the east below the pre-Pennsylvanian

unconformity is shown. The exact original extent of
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County seismic section crosses the middle anticline.
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this limestone is not known, but it is considered to
have been eroded both to the west as it crops out
against the Central Kansas Uplift, and to the east where
it was replaced by siltstones during deposition of the
Upper Chattanooga Shale (K.D. Newell, pers. comm,,
1984).

From Upper Pennsylvanian through the Quaternary
local structural activity is absent. Cyclic deposition
dominates local as well as statewide geology during the
Pennsylvanian and Permian. Regional tilting, first to
the south in response to a combination of southeastward
and southwestward subsidence during Pennsylvanian and
Lower Permian time, and then to the west and north
toward the Hugoton and Denver Basins during Permian
through Cretaceous time, is indicated by thickening of
beds. Regional and local sedimentary deposition are
most evident as cyclothems of transgressive marine lime-
stone and shale deposits followed by regressive lime-

stone, lagoonal shale and channel sand deposits. Facies

are generally consistent throughout the area.
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RICE COUNTY REFLECTION SEISMIC PROFILE

PROCESSING

Initial processing consisted of the following se-
quence of steps. All processing of the data was con-
ducted on the Kansas Geological Survey's Data General
MV8000 computer. The software used was predominantly
Seismic Processing Executive (SPEX) from Sytech, Inc.,
Houston, TX, supplemented by programs of the author
(Appendix B), T. Ready (1984), and i. Knapp of the
Kansas Geological Survey. Although seismic data is
unique to the area of acquisition, all profiles follow
the same initial processing sequence, and therefore

brevity in its description is justified.

1) Reformat of raw, demultiplexed data to standard
‘reel and trace header format..

2) Initial edit of bad field records and traces.

3) Data entry of line geometries and sorting from

shot~gathered to CDP-gathered (common depth point)

traces.
4) Secondary edit of CDP gathers.
5) 1Initial elevation statics corrections to

"flatten"” surface topography to 504 meters (1654 feet)

above sea level.
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6) Initial velocity analysis using CDP traces
stacked at constant velocity to determine stacking
velocities.

After applying the initial velocity functions of
step 6, a brute stack (Figure 28) is produced, and the
seismic processor and interpreter can evaluate for the
first time the potentials and problems of the seismic
section. The brute stack and other similar figures are
scaled to one hundred CDP traces per inch, producing a
"squash plot". The ratio of horizontal to vertical
distance gives an approximate vertical exaggeration of
five. This type of plot is most useful for structural
interpretation, and is, for this particular line, also
convenient for page-size reduction. The traditional
"wiggle traces” have been removed and variable area
shading alone has been used with white indicating a
negative trough.

At this point the Rice County line shows great
potential with numerous continuous and discontinuous
reflectors throughout. Most importantly the unnamed
anticline is easily seen as a gradual dipping and thin-
ning of reflectors over a wide expanse to the left of
center between .6 and .8 seconds.

Many problems are also evident. The velocity of

the weathered layer used to correct for elevation sta-

tics has produced an undulation in all reflections east
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of center. The velocity used (2,743 m/sec, 9,000
ft/sec) is much too fast and is not producing a large
enough correction, however determination of the correct
value is difficult. Because of the large distance be-
tween the shot point and the closest geophone, the
direct arrival of energy through the weathered layer is
masked in the field records by faster-arriving refracted
and reflected waves, and its velocity cannot be calcu-
lated. Instead a rough estimate of 610 m/sec (2,000
ft/sec) is obtained by dividing the time shift needed at
several points in the data into the depth reduction
determined from the elevation survey (Figure 29).
Another obvious problem is the fading out and
replacement by noise of reflectors in large blocks of
CDP traces. Lateral changes in velocity, problems with
statics and the weathered layer, diffractions, or random
and coherent noise may be held accountable. Improve-
ments in stacking velocity functions (Appendix A), trace
editing, and further statics corrections helped to
resolve many areas. However, it is the opinion of the
author that although great care was taken in all acqui-
sition components to obtain the optimum resu,ts, over-
heating of the field computer system resulted in dile-
terious system noise that secondary and tertiary trace

editing could not remove from CDP's 1130-1200 and 1400-

1517. Part of the noise could be attributed to



topography

»
— — e

Ad = depth

At = two—-way travel time

Weathered zone velocity = .2 X Ad
At

Figure 29 - Method used for determining velocity of weathered zone.
Velocity is calculated from the elevation measurements used to flatten
the topography and the corresponding amount of time needed to flatten
the reflection (i.e., distance divided by time equals velocity).

6§




60

weathered layer problems from the small hill that can be
seen in the statics shifts (Figure 30). However, the
hill consists of massive red and grey shales of the
Nippewalla Group, and reflections over portions of the
hill are noise-free for acquisition conducted when the
system was apparently functioning properly.

With the secondary processing applied, the reflec-
tion profile reveals several new and interesting fea-
tures (Figure 30). The unnamed anticline displays asym-—
metry with beds dipping and pinching out on the east
flank (CDP's 700 to 750, .620 to .650 ms). The beds
abruptly terminate on the crest (CDP 675 to 680, .620
ms); caused possibly by a series of interfering, fault-
related diffractions. To the the west the expression of
a large fault with sharply dipping beds is evident
(CDP's 580 to 625, .620 to .700 ms). Directly above the
anticline a single discontinuous flat layer under seve-
ral domed layers yields an interesting interpretation
(CDP's 655 to 800, .540 ms) of a possible carbonate
mound and subsequent draping of sediments. Further to
the east many of the reflectors are uplifted, dipping
west in an apparent recent thrust fault (CDP's 1005 to
1075, .250 to .800 ms).

Up to this point all processing and interpretation

had been conducted without reference to detailed geolo-

gical data from well logs and cores. The cross-section
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of Figure 23 was subsequently made from sonic, gamma
ray, and neutron logs close to the seismic line (see
Figure 4 for locations), and the author was properly
startled by the realization that the dome above the
unnamed anticline was actually a basin, and that seismic
evidence for a recent west-dipping thrust fault was
misleading. Pennsylvanian and Permian beds show minimal
deviation from horizontal (Figure 23). The source of
error was still in the statics; this time apparently
caused by lateral velocity changes within the Permian
redbeds. Lateral variations within a few hundred meters
are typical for the Permian shales and siltstones, and
~are primarily due to zones of oxidation (Berendsen and
Lambert, 1981). To correct the statics problem, shifts
of individual CDP traces were measured and applied to
several Upper Pennsylvanian strata to reflect bed atti-
tude as determined in well log data (Figures 31 and 32).
Each trace was shifted to correctly align the Upper
Pennsylvanian reflectors according to the geologic
cross-section of Figure 23,

Although several attempts and subsequent failures
at further data enhancement were made, this series of
static shifts represents the final stage of processing

and best possible data resolution for seismic interpre-

tation.
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SEISMIC STRATIGRAPHY

Seismic stratigraphy is the study and analysis of
lithologic changes that are seismically expressed. Seis-
mic stratigraphic analysis of a seismic sequence, a
subset of reflections within a seismic section, and
analysis of seismic facies reveal unique patterns
yielding information on bed attitude, sedimentary struc-
ture, direction of sediment transport, facies, depo-
sitional environment, and sequence of geologic events.
Seismic stratigraphic analysis of reflection character
examines the effect of changes in rock and interstitial
fluid type, porosity and pressure on density and seismic
velocity, which in turn alter the reflection character
or reflectivity at lithologic boundaries. Forward seis-
mic modeling, the construction of synthetic seismic
traces, implements well log data under the constraints
of seismic resolution to determine, through models, the
range of acceptable geologic interpretations. Together
seismic sequence and facies analysis, reflection charac-
ter analysis, and seismic modeling constitute the basis
for seismic stratigraphic interpretation. These analy-
tical methods in conjunction with previous geophysical
and geological studies are used to interpret the Rice
County reflection seismic section.

All seismic stratigraphic methods rely on the prin-

ciple that seismic reflections represent time-
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stratigraphic, or constant time boundaries (Mitchum, et

al., 1977a). It is not geologically possible to have a

continuous boundary exist between one lithology and the

next correlatable lithology strictly on the basis of

time-transgressive rock-stratigraphic boundaries. As an

example, a lateral facies change cannot be correlated by
lithology but does represent synchronous deposition.

The later facies change will be represented as a change

in acoustic impedance, reflection amplitude, polarity,
and wavelet character. The reflection cannot skip up or
down to the next similar lithologic boundary as does a
rock-stratigraphic correlation. Of special interest, an
unconformable surface represents the depositional hiatus
during which the depositional environment will change,
often creating an abrupt change in lithology and a

larger than normal reflection amplitude. The seismic

section consequently represents the rock configuration
and depositional sequence in time, and through well log,
core, geochemical, or paleontological control can be

dated and displayed as the continuous geologic cross-

section,

Seismic Sequence Analysis

Seismic sequence analysis examines the geometrical
relationships of depositional sequences through reflec-

tion terminations (vail, et al., 1977). Sequence boun-

— ————————————
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daries are either concordant (no termination of reflec-
tor) or discordant, and will indicate sequence conformi-
ty, erosion or nondeposition (Figure 33). Concordant
reflections within a sequence can most easily be traced
from the point of discordance into the depositional
sequence. Concordance indicates uninterrupted deposi-
tion or, if the boundary is continuous into discordance,
nondeposition. Three types of terminations, the discor-
dant boundaries, toplap, onlap, and downlap, indicate
nondeposition. Onlap and downlap indicate basin fill
and one component of the direction of sediment source.
Toplap suggests deltaic or submarine fan complexes.
Erosional truncation, in which older beds show termina-
tion instead of onlap of younger beds, obviously dis-
plays an erosional hiatus.

Usually the seismic sequence consists of units
deposited in a similar geologic environment, and the
sequence boundaries represent changes in the environment
and will therefore be discordant and often erosional.

In Kansas major unconformities separate the Phanerozoic
section into seismic sequences. The pre-Chattanooga
unconformity serves as the top boundary of the lower
Paleozoic sequence, predominantly of dolomites and les-
ser amounts of sands and shales. The pre-Pennsylvanian

unconformity demarkates the base of the thick sequence

of Upper Pennsylvanian and Lower Permian cyclothems.
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Figure 33 - Types of boundary terminations (from Mitchum,
et al., 1977a). (A) Terminations at top of sequence may
be either discordant, showing erosional truncation (1)

or deltaic toplap deposition (2), or concordant (3),
suggesting continuous deposition or paraconformity. (B)
Terminations at bottom of sequence may be either
discordant, showing low energy onlap (1) or angular

high energy downlap (2), or concordant (3), suggesting
continuous deposition or paraconformity.
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Seismic Facies Analysis

Seismic facies analysis examines the reflection
configuration, continuity, amplitude, frequency, ahd
interval velocity within each seismic sequence to deter-
mine depositional environment and lithology (Mitchum, et
al., 1977b). Within a seismic sequence the reflection
configuration type may be parallel, divergent, wavy,
lenticular, chaotic, reflection-free, etc. Reflections
that diverge indicate gradual subsidence or uplift
during deposition. Other patterns, such as contorted,
chaotic, and oblique or missing toplap in progradational
sequences, represent high wave or flow regime energy.
Within the Rice County seismic section reflection confi-
gurations are highly to moderately continuous, and
either parallel or divergent. Using the classification
scheme of Brown and Fisher (1979) this indicates a
geologic environment supporting interbedded high and low
energy shelf deposits of alternating fluvial to marine
sandstones, shales and limestones. All parameters ex-
cept true reflection amplitude, which is not recoverable
from the MiniSOSIE recording system, are considered
together to obtain an interpretation of environmental

setting, depositional processes, and lithofacies

estimates (Sheriff, 1980).
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Reflection Character Analysis

Reflection character analysis is the study of
changes in the waveshape, such as amplitude, polarity,
frequency, and timing, which are produced by lithologic
and interstitial fluid changes. Modeling using syn-
thetic seismograms is essential in this analysis to
determine the seismic waveshape expressions of boun-
daries and facies as they change laterally. All seismic
stratigraphic analyses, and, in particular, reflection
character analysis and modeling, must work within the
constraints of seismic resolution (Anstey, 1977;

Sheriff, 1980; Neidell, 1981).

Resolution limits--Horizontal or spatial resolution

limits are defined by the first Fresnel zone (Figure
34). Assuming a point source of energy and, therefore,
spherical divergence, most coherent, in-phase informa-
tion is reflected from an area, the first Fresnel zone,
which increases in proportion to velocity, and the
square root of wavelength and distance to the reflecting
boundary (Anstey, 1977; Sheriff, 1980; Neidell, 1981;
Knapp and Steeples, in press, b). Using the dominant
MiniSOSIE impulse response frequency of 80 Hz, an
average velocity of 3,650 m/sec, and a distance of 1,000

meters to the top of the Chattanooga limestone, the

Fresnel zone radius is 151 meters, creating an area
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Figure 34 - Fresnel zone theory (after Neidell, 1981).
Spherical wavefront of point source. Area of reinforced
amplitude is dependent on velocity and the square-root
of wavelength and distance to the reflector.
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easily detected by surface sensors spaced at l6-meter
intervals, but with the undesiragle potential to
"average out" boundary irregula;ities smaller than the
Fresnel zone.

Vertical resolution is limited by the shape and
length in time of the impulse wavelet, determined by the
wavelet's frequéncy bandwidth and phase spectra (Knapp
and Steeples, in press, b). Frequency filtering, pre-
dictive deconvolution and dephasing will sharpen or
contract the wavelet by broadening its frequency band-
path and zeroing its phase to better separate a reflec-
tion from the ones above and below it. The result is
greater accuracy in picking correct times, determining
polarity, and understanding the interference patterns of
closely spaced reflectors and multiples. Although wave-
let extraction was not attempted, the wavelet of the
MiniSOSIE data shows an acceptable agreement with a 90-
degree phase delay, mixed-delay character wavelet that
was used in the modeling. The dominant frequency of the
MiniSOSIE bandpass is 80 Hz, which provides much greater
resolution than lower dominant frequency sources such as
Vibroseis, dynamite, and airgun (Knapp and Steeples, in
press, a and b). Both frequency filtering and predic-
tive deconvolution were attempted on the data. Both

added noise and camouflaged the reflections. The fre-

quency filtering did so because of unresolved software
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problems. The predictive deconvolution failed due to
the non-causal characteristics of the MiniSOSIE wavelet
(R. Knapp, pers. comm., 1984).

Both horizontal and vertical resolution are set by
field parameters, source energy, recording geometries,
instrument limitations, and the earth filter. Through
processing, these original parameters can be only
finitely enhanced, and resolution is confined by these

limitations.

Interference patterns--In general all reflections

seen on a seismic section are the combination or inter-
ference of two and generally more wavelets plus noise.
The wavelets can interfere destructively to cancel their
combined character or they may interfere constructively
to boost their combined wavelet amplitude. The simplest
example describes the interference pattern of reflec-
tions from the top and bottom of a wedge (Widess, 1973;
Neidell, 1981), which models the thinning of a stratum
(Figures 35 and 36). As the wedge thins the reflections
from both the top and bottom can be observed until they
are separated by one-quarter of a wavelength or less.
One-fourth of the wavelength is defined as the resolv-

able limit. If the reflections are opposite in polarity

at a separation of one-quarter of the wavelength, the
combined character is "tuned" to constructively inter-

fere as a single, larger-than-normal reflection (Figure

e——
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showing area of tuning at a wedge width of one-fourth
wavelength.
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35). The single-wavelet reflection then fades until the
detectable limit is reached at about 1/30th of the
wavelength, after which the wedge does not give a
reflection discernible from noise. For wedge reflec-
tions of the same polarity, resolvable and detectable
limits are still one-fourth and 1/30th of the wave-
length, respectively, although cancellation instead of
tuning occurs near the resolvable limit (Figure 36)

(Anstey, 1977).

Forward Modeling - the Synthetic Seismogram

Forward modeling involves construction of synthetic
seismograms from well log data, correlation of the syn-
thetic seismogram to the data, and ultimately modeling
with the synthetic seismogram to create seismic expres-
sions of geologic possibilities.

Synthetic seismogram manufacture consists of seve-
ral steps before a correlation can be attempted.
Initially a sonic log, which records P-wave transit time
through the rock unit adjacent to the borehole, is
digitized in one-foot (.3-meter) intervals. The digiti-
zing program of Ready (1984) was used which employs
slope calculations by the trapezoidal rule to determine
the average transit time value over each one-foot inter-

val. Once digitized the transit times are converted to

velocities for each foot. Density logs were available
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but not used for several reasons: 1) density logs are
noisy and sometimes give unreliable values, introducing
and compounding errors; 2) density only affects wavelet
amplitude and polarity and then not to the degree that
velocity does; and 3) density plays no part in the
depth-to-time conversion (Thomas, 1977; Durschner,
1958). Seismic data is sampled in equal time intervals
rather than equal depth intervals, and thus the next
step involves conversion and resampling of the sonic log
to one-half millisecond, two-way time intervals. This
is an average depth sampling of 1.4 meters (4.5 feet).
Interval velocities are averaged over each half-
millisecond step and reflection coefficients calculated.
The result is a reflection coefficient series (Figure
37A) which grossly represents the impedance contrast of
the earth's layers. Next, transmission losses and all
multiples except surface multiples are calculated (sub-
routine initially written by Vargas, 1983) and added to
the reflection coefficient series. Transmission losses
are counteracted by short-path multiples, which add to
the downgoing energy but with a response slightly
delayed in time. This results in stretching of the
wavelet to lower frequencies, and causes either con-
structive or destructive interference, depending on bed

thickness (Widess, 1973; Neidell, 1981). A bandpass

filter is next convolved with the reflection coefficient
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series to produce a zero-phase synthetic seismogram.
The synthetic seismogram is then resampled to 2 milli-
second intervals, the sample rate of the actual data.
The bandpass is representative of the dominant fre-
quencies of the MiniSOSIE source. Further attempts at
various bandpass and phase filters (Knapp, 1981, 1983)
result in obtaining the best correlation when a 90-
degree phase delay filter is applied.

Correlation of actual and synthetic data (Figure
38) shows areas of good matching, areas of good matching
if the synthetic is slightly shifted, and areas which
show no matching. The correlation is centered for an
exact match at the reflector at .5 seconds, which is the
Pennsylvanian Howard Limestone. The synthetic seismo-
gram appears shortened, and if slightly stretched would
make a better correlation (Figure 39). Although theore-
tically the correlation should be perfect unless seismic
processing has been inadequate, several reasons have
been proposed for the discrepancies (Thomas, 1977;
Sheriff, 1980; Stewart, et al., 1984).

1) Dispersion, the variance of velocity with fre-
quency, will cause higher frequencies to travel faster
than lower frequencies. This may cause the higher sonic

frequencies (10 kHz to 30 kHz) to travel faster than the

lower seismic frequencies (10 to 100 Hz).
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2) The rock volume sampled by the sonic log is only
the few cubic meters adjacent to the well and is often
altered by drilling and invasion of mud. In contrast,
the rock volume sampled by seismic waves is much greater
and lateral variations in rock properties may occur
between the downgoing and upgoing waves.

3) Often the sonic log is not complete and will not
have recorded the velocity of the near surface rocks.
This will lead to incomplete calculation of short-path
multiples. As an example, with all short-path multiples
calculated, a reflector at a depth of 10,000 feet can be
delayed 24.5 ms from its two-way time with no multiples
calculated (Schoenberger and Levin, 1979). Also, inac-
curate correlation with the seismic section may occur
with no sonic logging of the shallow geology.

4) The logging tool may record a short transit
time (i.e., high velocity) by triggering on noise before
the sonic waves arrive. Another logging tool problem,
having the opposite effect, is cycle skipping. In this
case the sonic wave produces a lower than normal ampli-
tude that is not sensed. The logging sonde instead
triggers on the second or third cycle of the sonic wave.
Cycle skips, and at times noise triggers, can often be

detected by comparing the sonic log with either gamma

ray or resistivity logs.
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Regardless of the inaccuracies involved in the
forward modeling, synthetic seismograms remain a most
important tool in seismic stratigraphy. With the syn-
thetic seismogram the seismic sectjon can be correlated
to the stratigraphy and reflections can be given unique

chrono-stratigraphic meaning (Figure 40).

SEISMIC INTERPRETATION

Based on the principles of seismic stratigraphy and
contrained by previous geological and geophysical
studies, the following interpretation is the most accu-
rate picture of Rice County, Kansas geology produced

within the limits of seismic resolution.

Seismic Expressions of the Precambrian

The Precambrian underlies an average of 183 meters
| (600 feet) of Arbuckle Group dolomites. The contact
between the Precambrian granites and the Arbuckle dolo-
mites cannot be seen seismically. Using an average
velocity of 4,267 m/sec (18,000 ft/sec), this places the
Precambrian greater than 90 milliseconds (two-way time)
below the top Arbuckle reflector (Figure 41). Conse-
quently, the seismic record extends about 610 meters
(2,000 feet) into the Precambrian. Several parallel
reflections, fading in and out with the data quality,

are seen within the Precambrian. The reflections gene-

rally follow the Paleozoic sequence and may be
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Figure 41 - Large scale detail of Rice County seismic
section with interpretation showing parallel
configuration of Chatttanooga through Simpson Groups.
Discordance of west-dipping Arbuckle and Precambrian
reflectors indicate west flank of unnamed anticline
during the Proterozoic through Ordovician.

Pennsylvanian basal conglomerate is shown to thin to the
west as its reflection fades.
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multiples, however, the high stacking velocities neces-
sary for these events refutes this interpretation
(Appendix A). The top of the Precambrian is expected to
be arkosic sandstones of the Upper Keweenawan Rice
Formation which, according to the COCORP data, should
contain very few good reflectors (Brown, et al., 1983;
Serpa, et al., 1984). Gravity and aeromagnetic data
suggest this sequence thins in Rice County to expose
igneous rocks of a transition zone between the northern
and southern terranes (Yarger, 1983; Yarger and Lam,
1982). The transition zone should be expressed seis-
mically as reflectionless (Serpa, et al., 1984; Brown,
et al., 1983), although, the discontinuous layering
shown in Figure 31 implies a consistent stratified rock
type throughout the study area. However, layering of
the Precambrian in the central part of the seismic
section does not appear to extend as deep (CDP's 340 to
1180, .750 to 1.0 sec) (Figure 31 and 42), and instead
upwarping of a different rock type into the unnamed
anticline is evidenced by thinning and onlapping of the
Arbuckle onto a raised Precambrian surface.

Assuming two different Precambrian rock types
exist, Figure 42 shows thinning of a Precambrian Rice
Formation layer due to upwarping and erosion (CDP's 770

to 885, .800 to .840 sec). This implies existence of

the unnamed anticline during the Late Proterozoic, and
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Figure 42 - Large scale detail of the Rice County seismic
section with interpretation. Uplift of the unnamed
anticline is indicated by dipping and thinning of
reflections in the Precambrian Rice Formation.
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that the uplift is possibly related to Keweenawan

rifting.

Seismic Expressions of the Cambrian and Ordovician

Except for reflections from CDP's 185 to 290, the
character of the Arbuckle sequence appears as continuous
high-amplitude parallel reflections. To the west,
(CDP's 185 to 290, .700 to .800 sec) (Figure 41) and to
the east (CDP's 730 to 1450, .680 to .800 sec) (Figure
43), reflections diverge indicating uplift of the
unnamed anticline during the time the Arbuckle was depo-
sited. The westward dip and divergence of reflectors
between CDP's 185 and 290 contrasts with westerly thin-
ning and eastward dip of the Simpson through Shawnee
Groups. This suggests an earlier opposing deformation,
of subsidence to the west into the Southwest Kansas
Basin. Discordance in the form of erosional truncation
under a series of horizontal reflections occurs within
the Arbuckle Group (CDP's 200 to 250, .680 to .740 sec)
to indicate a period of no uplift along the unnamed
anticline prior to renewed activity during the
Ordovician to Early Pennsylvanian.

Above the Arbuckle Group, the Simpson Group main-
tains a constant time thickness and has a noisy,
negative-polarity reflection character. The noise is a

result of the interbedding of shales, sandstones and

dolomites within the group. It is easily identified by
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the strong positive peaks of the Viola above and
Arbuckle below, and is distinguished from the lower
Chattanooga shale by the clean, relatively noise-free,
negative amplitude character of the lower Chattanooga.
Well log data indicate that the Simpson crops out on the
crest of the unnamed anticline (Figure 43) (CDP's 595 to
620, .620 to .650 sec, and CDP's 685 to 710, .620
to .660 sec) and that it thins just east of the major
reverse fault (CDP's 595 to 620, .620 to .650 sec),
possibly to expose Arbuckle in the area of multiple
diffractions (CDP's 620 to 650, .610 to 1.0 sec). The
diffractions are caused by either tight folding or a
series of faults and mask all reflections below the
Pennsylvanian sequence. Unlike the straight-line geo-
logic interpolation of Figure 23, the Simpson is folded
down into a river valley between CDP's 650 and 700 (.640
to .660 sec) and underlies weathered deposits of the
Viola in the valley center. The abrupt termination of
Arbuckle, Simpson, and Pennsylvanian basal conglomerate
reflections on the west side of the valley suggests a
fault scarp on the west wvalley slope.

The velocities of the Maquoketa Group are interme-
diate between those of the lower Chattanooga shale and
Misener Sandstone above and the Viola below. This

results in a transitional, stretched, positive reflec-

tion combining the Maquoketa and the Viola, and
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Figure 43 - Large scale detail of Rice County seismic
section with interpretation. Structure related to Late
Mississippian - Early Pennsylvanian deformation of
unnamed anticline is shown. Tuning and cancellation due
to interference of thinning beds indicates an erosional
flank outcrop pattern.
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seismically the groups must be considered together. The
groups' reflection character is one of the strongest
positive peaks on the section and is easily identified
as the first peak below the even stronger positive peak
of the Chattanooga limestone. The general trend from
west to east shows thinning or dimming of both the
Chattanooga limestone and Viola-Maquoketa reflectors in
contrast to a brightening of the underlying Arbuckle
reflectors. As the layers move into the McPherson
Valley (Figure 44) much of the Maquoketa has been
eroded. The Viola-Maquoketa thins over the unnamed
anticline and the reflection is lost, possibly the re-
sult of one-quarter wavelength cancellation of similar

polarity thinning beds as previously discussed.

Seismic Expressions of the Devonian and Mississippian

The major unconformity that exists above the
Maquoketa (Figure 44) does not produce either the angu-
lar terminations or the high-amplitude reflections
necessary for seismic detection. It is doubtful that
thinning of the Maquoketa would have been noticed with-
out geologic control.

The lower Chattanooga shale contains the basal
Misener Sandstone as it approaches both the Central

Kansas Uplift and the unnamed anticline. The reflection

character is consistently a broad negative polarity




Figure 44 - Large scale detail of Rice County seismic
section with interpretation. Stratigraphic
relationships of Arbuckle through Wabaunsee Groups are
shown. Fading out of Chattanooga limestone reflector
indicates a short interval in which it is replaced by
siltstones or shales (CDP's 1350 to 1360). Channel sand
of Kanwaka Shale Formation shows erosion through several
units down to the Oread Limestone Formation.
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which does not change to indicate when the basal Misener
is present. Throughout the section the lower
Chattanooga shale remains a constant time thickness
except where it is thinned by erosion beneath the pre-
Pennsylvanian unconformity and crops out against the
unnamed anticline. There it shows an excellent example
of tuning in an opposite polarity wedge interference
pattern,.

Well log data show that the Chattanooga limestone
unit thins to the east and passes into siltstones by the
east edge of the seismic section. In many parts of the
seismic section the Chattanooga limestone is by far the
brightest positive amplitude reflector. To the east of
the unnamed anticline, the width of the peak thins but
does not terminate within the areas of good data quality
(Figure 43). One zone of apparent partial siltstone
replacement can be seen between CDP's 1350 and 1360. In
this area data are of good quality, and all reflectors
except the limestone have a bright, noise-free charac-
ter, which suggests the limestone has either thinned or
has been replaced by a lower velocity material to pro-
duce only a nominal positive kick. As the limestone
thins over the unnamed anticline, cancellation is ob-
served (CDP's 715 to 735, .630 sec) and the limestone is

not detectable to the west until it merges with the pre-

Pennsylvanian unconformity to strengthen its amplitude
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at CDP's 724 and 725.

The upper Chattanooga shale is expressed as a broad
negative-polarity reflection above the bright positive-
polarity Chattanooga limestone reflection. Eastward the
shale thickens dramatically by CDP 1330 (Figure 44).
This is the major diverging layer in the seismic section
and indicates subsidence of the McPherson Valley. As it
thins over the anticline, tuning is observed between
CDP's 750 and 760 (Figure 43). Note the similarities in

thickness between the upper and lower Chattanooga shales

where tuning occurs.

Seismic Expressions of Early Paleozoic Structure

The general eastward dip of the Early Paleozoic
sediments reflects the location of the seismic section
to be on the flank of the Central Kansas Uplift. Paral-
lel reflectors in the Pennsylvanian indicate that
deformation along the Central Kansas Uplift had ceased.
The more predominant local structure of the unnamed
anticline can be described in greater detail. Continu-
ity of the Chattanooga limestone and other layers be-
tween Simpson and the upper Chattanooga shale indicate
that the unnamed anticline was not active during the
time of their deposition, and that not until Late
Mississippian did it again become active. Abrupt term-

ination of all strata from the Arbuckle through the

Pennsylvanian basal conglomerate easily defines the
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fault plane and suggests a reverse sense of displacement
along the fault between CDP's 610 and 620. Relative
dating of the fault is Late Mississippian due to preser-
vation of the Upper Chattanooga Shale on the downthrown
block. Evidence that the Pennsylvanian basal conglom-
erate is cut by the fault suggests renewed fault move-
ment after the Late Mississippian to Early Pennsylvanian
deformation. Structure in the area of diffractions
(CDP's 634 to 664, .600 to 1.0 sec) is undecipherable,
although the diffractions are caused by structural
deformation in the form of tight folding or faulting

contemporaneous with the Late Mississippian to Early

Pennsylvanian deformation.

Seismic Expressions of the Pennsylvanian

The unconformity at the base of the Pennsylvanian
produces a low-amplitude, discontinuous reflection,
which is most easily identified by the angular erosional

truncations underneath. Except for the river valley in

the small downfold of the anticline, the land surface in
the Middle Pennsylvanian had been flattened and the
reflection of the unconformity can be somewhat easily
traced across the seismic section at approximately 650

milliseconds. The Pennsylvanian basal conglomerate

reflector fades between CDP's 185 and 250, probably due

to thinning. General thickening from west to east of
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the Chattanooga below this horizontal reflector and
absence of Silurian and Devonian rocks are evidence of
flank structure between the Central Kansas Uplift and
the Salina Basin.

Cyclothems of the Kansas City, Lansing, and Douglas
Groups display a similar reflection configuration of low
continuity and amplitude, parallel to folded bedding.
According to Brown and Fisher (1979) this indicates

dominantly non-marine clastics deposited by river cur-

rents and associated marginal marine transport pro-

cesses, which is in agreement with the known strati-

graphy. Channel sands and shelf-margin limestone lenses

and oolite shoals frequently occur within these lower

cyclothem units. Synthetic seismograms suggest moderate

amplitude reflections should occur from Middle to Late

Pennsylvanian cyclothems, although when placed next to

each other for correlation, the synthetics from dif-

ferent parts of the study area show little consistency

(Figure 45). Well log data indicate the Kansas City and

Lansing Groups are composed predominantly of limestones

with shales thin enough to be less than the detectable

limit. 1In contrast, the Douglas Group is made up almost

entirely of shales and channel sands. Marine limestone

mounding, undetectable shales, and extensive erosional

hiatuses combine to produce, in general, only nominal

. e i e b i o o b e e - 4
s e et A A
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reflections for interpretation of the Kansas City,
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Lansing, and Douglas Groups.

The Shawnee Group displays seismic expressions of
two limestone formations, the Topeka at the top of the
group, and the Lecompton near the center (Figure 44).
The thickness of the intervening Calhoun Shale varies
across the section, indicating moderate erosion and
fluvial channeling during the hiatus before its depo-
sition. One area of interest and high data quality
within the Shawnee Group between CDP's 1330 and 1410
exhibits a potential hydrocarbon prospect in a stream
channel fill of Kanwaka Shale (Figure 44). Although the
Heebner Shale Member at the base of the Shawnee is
highly visible in well logs and cores, its six-foot
thickness is only 3/100th's of a wavelength, making its
seismic expression virtually invisible.

Within the Wabaunsee, two limestone formations
exhibit high amplitude continuous reflections. The
Howard near the base and the Stotler near the top both
possess abrupt lithologic boundaries that produce high
reflection coefficients (Figure 46). These reflections
are the most continuous of the cyclothem sequence and
were used as a guide for much of the statics correction
"flattening"”. The Severy Shale Formation immediately
below the Howard shows the greatest thickness variation
of all units, suggesting an undulating erosional surface

on top of the Topeka Limestone Formation (Figure 44).
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Between the Stotler and the Howard appear several
reflections of laterally varying character and ampli-
tude. The sonic log shows these reflections to be
composed of several thin limestone and shale units which
have interfered constructively to appear as a single
unresolvable reflection. From the stratigraphy, these
beds are often discontinuous, resulting in variable
reflection character. In other areas, such as the
Shawnee Group in the area of the Heebner, interference

is destructive and produces cancellation of unresolvable

beds.

Seismic Expressions of the Permian

The Admire, Council Grove and Chase Groups of the
Lower Permian produce reflection configurations that are
similar to the high-amplitude, continuous reflections of
the Wabaunsee (Figure 47). Reflections are often the
result of interference of unresolvable thin beds, which
are laterally constant enough in thickness and reflec-
tivity to maintain a continuous reflection across the
seismic section. The Admire Group, Foraker, Grenola and
Winfield Formations are good examples (Figure 48).
Within the Chase Group thickening shale units between
the Grenola and Foraker change laterally to show at
times minimal velocity variations and give a reflection-

free character associated with a more or less homoge-

neous unit. The Nolans Formation also varies laterally




Figure 47 - Large scale detail of Rice County seismic
section with interpretation. Stratigraphic
relationships of Wabaunsee through Council Grove Groups
are shown. Interference patterns of thin shales and
limestones create variable amplitude and character
reflectors of the Admire Group and Foraker Limestone
Formation. The Nolans Limestone illustrates a stretched
amplitude due to a transitional boundary.
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and is at times a gradational transition from limestone
to shale which results in a stretched-out pulse.

The Sumner and Nippewalla Groups are not seen in
this particular reflection seismic section, although
other Kansas Geological Survey seismic studies in nearby
locations describe these upper units in detail (Miller,
et al., 1984, a and b)

CONCLUSIONS

v

Although the Rice County reflection seismic profile
generally confirms the straight-line interpolations of
well geology, by seeing beyond and below the first
dimension of the borehole, reflection seismology has
added the following contributions to greatly improve
area stratigraphy and structural history.

1) Layereé reflections of the Precambrian Rice
Formation are present and thin onto the unnamed anti-
cline. The reflection character of the Precambrian
beneath the unnamed anticline differs from the layered
reflections in the Rice Formation, implying a different
rock type, possibly granite of the terrane transition
zone,

2) Unlike reflectors of the Lower Paleozoic
(Simpson through Shawnee Groups), which diverge from the

Central Kansas Uplift, Arbuckle reflectors show diver-

gence from the east and west flanks of the unnamed

anticline. This indicates uplift of the unnamed anti-
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cline and subsidence in the area of the Central Kansas
Uplift during Proterozoic, Cambrian, and Early
Ordovician. The unnamed anticline during this time was
a much larger feature, possessing a west-dipping flank
rather than a terminating fault as in the Early
Pennsylvanian.

3) The unnamed anticline, known to exist from well
data, is accurately defined through reflection seismo-
logy. The valley in the "nose" of the anticline, is a
deformational rather than erosional feature, caused by a
small synclinal fold, and terminated on the west by a
fault scarp. Diffractions to the west of the river
valley imply tight folding or faulting, and culminate in
a reverse fault with over 200 meters of vertical dis-
placement. Terminations of pre-Pennsylvanian strata on
the east flank can be precisely located. The unnamed
anticline is now redefined as a larger, symmetrically
folded, Proterozoic, positive feature. It was eroded
during the Ordovician, and reactivated during the Late
Mississippian to Early Pennsylvanian as a smaller, asym-
metrical, highly folded and faulted, positive feature.

4) Within the areas of good data quality, the
Chattanooga limestone unit is continuous across the
seismic profile. Gradual thinning develops from west to

east, and partial replacement by lower velocity litho-

logies (siltstone or shale) occurs between CDP's 1350
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and 1360. Further seismic studies extending east of the
present seismic section would determine where complete
replacement occurs.

5) Most resolvable Pennsylvanian and Permian
cyclothems display constant seismic facies throughout
the seismic section, although bed thickness can be
highly variable due to intercyclic erosion. In parti-
cular, the Lecompton Limestone - Calhoun Shale and
Topeka Limestone - Severy Shale boundaries continuously
change thickness over distances far outside well log
resolution.

6) The potential stratigraphic play observed in
the Kanwaka Shale Formation would have only been seen
through tight well spacing of expensive Arbuckle dry
holes.

In addition, the following contribution to Kansas
reflection seismology is of great importance to indus-
trial as well as academic applications:

A) In detail correlation of area geology with

reflection seismology has been determined, and reflec-

tion character of all prominent strata are described and

correlated in time from the Precambrian into the Lower

Permian,
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FURTHER RESEARCH

Additional seismic studies using a deeper-
penetrating source, and executed parallel and 1.6 to 3.2
km (1 to 2 miles) north of the present line would pro-
vide a more three-dimensional structural picture and
should probe deeper into the crustal configuration of
Kansas. An eastward extension of the present seismic
study, including reacquisition of CDP's 1400 to 1517,
would greatly enhance the present interpretation, and

would determine configuration of the McPherson Valley

and Chattanooga limestone unit.

R R
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APPENDIX A

FINAL STACKING VELOCITIES AND RELATED PROCESSING
PARAMETERS FOR RICE COUNTY REFLECTION SEISMIC SECTION

First arrival mutes:
Offset distance

All CDP's time (ms) (ft) (m)
120 745 227
280 2010 613

Stacking velocities:

Velocities

CDP time (ms) (ft/s) (m/s)
220 220 7740 2359
310 9070 2765

410 9700 2957

500 10070 3069

660 10940 3335

890 13660 4164

265 170 6300 1920
180 6577 2005

190 7240 2207

200 8103 2470

260 8310 2533

310 8945 2726

320 10083 3073

465 11205 3415

510 12080 3682

660 12800 3901

290 170 7370 2246
240 8425 2568

310 10070 3069

510 10940 3335

660 . 14710 4484

920 16050 4892

310 140 6680 2036
210 8440 2573

290 9535 2906

400 10070 3069

590 10710 3264

670 12117 3693

885 14200 4328




Appendix A (continued)

Stacking Velocities (continued)

Time Velocities
CcDP (ms) (ft/s) (m/s)
360 140 6940 2115
230 8100 2469
290 9370 2856
400 10070 3069
510 10940 3335
670 12800 3901
435 150 6450 1966
290 7710 2350
380 9700 2957
570 10480 3194
645 11470 3496
450 120 6680 2036
230 8800 2682
310 10070 3069
400 10940 3335
510 12080 3682
730 14710 4484
555 140 6680 2036
200 8310 2533
290 9700 2957
380 10480 3194
450 11470 3496
700 16050 4892
635 170 6350 1935
240 6940 2115
310 9335 2845
390 9700 2957
510 ‘ 11470 3496
630 12080 3682
885 14200 4328
655 170 6450 1966
225 6940 2115
300 9178 2797
410 9700 2957
500 10070 3069

610 11470 3496

i i S 1 ST




Appendix A (continued)

Stacking Velocities (continued)

CDP

690

720

750

810

950

990

(ms)

150
220
260
370
500
730

170
210
300
400
490
620

130
180
300
400
500
680
890

150
220
290
400
510
660

130
220
310
420
510
670

210
300
460
510
690

Time

(ft/s)

6940
7900
8310
10480
12080
14710

6940
7710
9070
9370
10070
12080

6680
7900
9370
9700
10070
12080
12800

6940
7740
9700
10070
10940
12080

6810
7710
9370
10700
10840
12800

6680
10070
10840
11470
13860

Velocities

(m/s)

2115
2408
2532
3194
3682
4484

2115
2350

2765 v

2856

3069

3682

2036
2408
2856
2957
3069
3682
3901

2115
2359
2957
3069
3335
3682

2076
2350
2856
3261
3304
3901

2036
3069
3304
3496
4225

19
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Appendix A (continued)

Stacking Velocities (continued)

Time Velocities
CDP (ms) (ft/s) (m/s)
1010 170 6570 2003
220 8310 2533
310 10480 3194
410 12080 3682
510 14710 4484
690 17820 5432
1040 120 6680 2036
190 7710 2350
290 9370 2856
480 10070 3069
650 12080 3682
1060 120 6810 2076
230 8310 2533
380 9070 2765
480 10070 3069
750 14710 4484
1140 180 7220 2201
260 8670 2643
410 12080 3682
485 13660 4164
650 16050 4892
1210 110 6840 2085
180 8100 2469
{ 315 8800 2682
; 400 9700 2957
; 475 10480 3194
i 640 12080 3682
§ 760 13660 4164
3
| 1290 140 7220 2201
: 190 8540 2603
300 11470 3496
390 12800 3901
460 14710 4484

760 17820 5432

AR e it bt

1
;
A
1
i




121

Appendix A (continued)

Stacking Velocities (continued)

Time Velocities
CDP (ms) (ft/s) (m/s)
1325 170 6570 2003
315 8310 2533
365 9730 2966
485 10940 3335
700 13660 4164
1360 110 6450 1966
190 6940 2115
250 7340 2237
355 9070 2765
470 9700 2957
685 10480 3194
800 14710 4484
1400 120 6450 1966
180 7710 2350
310 9700 2957
360 10070 3069
490 11470 3496
670 14710 4484
1435 150 6450 1966
310 9070 2765
380 9700 2957
565 10480 3194
645 11470 3496
Normal moveout -- eliminating stretched amplitudes
greater than four/thirds of the
original.
Automatic gain control scaling -- 50 ms window, based on
absolute value of

i largest amplitude in
window.

Common depth point stacking.
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APPENDIX B

COMPUTER PROGRAMS

SOURCE CODE
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IF (AN o FGa "N") CALL INPUY

ZJERG ALL THL ARRAYS.
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MINDLY = [t9w

VIELINCEST)Y = v L1

I =1 + 1

ATATCL 9539 NO=200y » Y0z 302) 30t e VIL?

VFLINCF,I) = VviLZ

DEPINCE,TD) = 0P

TIM: = TIN: + (2000aC) =D INCEST=12I/VELINIPYI-1))
TTIN (Fsl) = TINL

IF (TINS SuTe TTMAX) TTHAX = TIME

IF (QEF JG7e MAXCER) 4AXDES = DIP 1577 MAXIMUM
IF (DEF JLEe MINBEP) MIANDEP = 4rpP YAND MINIMUM DEPTES.
6O 1O 100

CLOS (1)

£
SAMPLNLY CONTAINS THi TOTAL NUMSTCR OF LAYERS.
£k Aa

T EA S ARk RA AR RN NNA AR ARA S kA RARARAAR AR NS bR ARG kO A b AN kAR AN &
IF (1T «5T7Ts SAMPLNUM) SAMPLNUM = I - 1

ASK FOR NEXT USFER-SUPPLIED DEPTH-VECLOCITY SERIES AND PUT IT INTC
THZ NZXT ARRAY COLUMN.

Ak A XA AA A R AR A A ARk hhkhkk kAKKEAN AACKANRES AA A A AR A S R AR AN Ak « k Ak % Ak k¥ &k

WRITEC2, « X" WHAT IS THE FILE NAME FOR THE NEXT D:PTH ¥YSe VELCCITY STRIES?®
WRITE(2,4)2[F THERE ARL NO MORE, TYPE NV, --=-

AT (2#440) FILNAM

CALL ZAPUF (FILNAM)

IF(FILNAM JEQ. ®N™) GO TO 704

WRT IS (A% )P WUHAT IS THT TRACE NuMBEs FQOR THIS FILE? -—-- ®

REAT «,C0P2

CDPMAX = (DP2

P IS THE RNUMBER OF TRACES SUPPLTES 83Y THL USER.
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C(P) = CDF2

J = J + ABS(CDP1-CODP2)VINCREMEINT J T REFLECT THE TOTAL NUMEER OF
coP1 = CLF2 ITRACES IN THE MODELS

6n 10 510

END OF USER-SUPPLIED DEPTH-VoLOCITY INPUT. NoXT PLOT GIVEN

MODEL €1 CHANGE IT A3 THYE USLCR RIQUESTS.
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MUM ALMOFE K DF SAM2L-5 P

>C
oot e

S

—t
)2
- "Orn

A TH: TRACE LENCT
C BY THD Ust (. MAXI

—
DOC
MIo

T0
L CI
)l”]

[ M 1

- -
L -y X

A A& A AR AR R AR EEAAE AR RRAS A AANE AR AR N R b A dA kAR A2 A Ak AR K EE & A RAkK R

SU3BRCUTINEZ OUT (TRHOUT, TAP:2s Ry L)
INTEGER*2  TRHOUT(124)s L

INTFGER*4 K

REAL TAPZ2(R)

WRITE (1) Le TRHOUT. TAPLE2

RETURN

END

L7l




NSy D

505

oo leka]

aTats

PLOT HCUTINY o ILL HLOT O TH yePTH AN TWO-WY TIME LINE DRARINGS
OF ftHZ Stly MI MOOtL.

AR W & A& 84 ARAKKNAKARRRES AAAA &k KXok Ak khk stAh REA& A AAANARAAEAKEAAKNKK A DA A

SUSRQUTINE PLOT(COPMINyCIPMAX 9MAXDEP ¢y NINCEP P o CoDE2IN9J

SYMA2LNUMy TTIN, TIMAX, TIMINy IHCy» IHPFC)

INT GER COPMINYD CDPMAXy Py C(5)y Je SAMFLNUMy V
REAL MAXCEPsMINDEP $DEPINCH»1ODYyPOINTSCCOPMINGSCCOOMAX SNEGT IM(5H 100
PEAL (0(S)y TTINCS9190)y TTMaAX,y TTIMINSNFCLEP(S9100)y TOP2»301
INTFGER? NNN1JO/Z,y NNN2/90US sy NNN3/JTC0/7, NNNGZY1O0OO/ 4y NMNS/TES
INTEGEFR*? NNNAZ10007Ze NNNT/T7507 49 NWAITy IHFCy IHPFCs KX/73/
INTZ 5602 IC3eT1/97s 1U/0/y 10U YAL/
INTFGER«4 TIPGINTY
CHARACTER ] ANS
CHARAC TS Xl ITTERMy STRARRCLON)
CHARACT=R250 STRING
CHARACTER®2TS  OSTRIMNSy TSTRING
WRITE (x,¢3) ¥YHAT IS THf TITLE FOR THIS MODeEL?2®
READ (42496D0) STRING
FORMAT (A)
READ TITLE STRING INTO CHARACTFR ARRAY.
Kk ik khkh 42 R A Ak XA Ak ARAAAREAA A ANk bk AAkEAAERA K AR AEA N AN AN AANA KA NN A REAKE &
DSTRINC = "DEFTH NMODEL - w//STRING/Z/M/®
DO S09 1 = 141800

STRARR(I) = DSTRING(TI:T)
CONTINLS:
PLOT CEFTE MOGDTL
KK ARKAR A S SN KA EKRRARREAAD AR ARAARN AN N AS RA A R R AR AR A A AR AR AN A AR A K & DA hE k&
ITEAM = @/ »
NWAIT = 3
TOP = -MINDEP
BOT = -MAXDFEP - 50.0
CALL G¥CERA
CALL GNMCGMD
CCOFPMIN = CDPMIN
CCOPMANY = CDPMAX

SET UP SCREIN WINCOW AND VIRTUAL WINDOG.

AR B BN FEERES S LSS ERENEN S RSN E S RERRE R AR EEESER RS S NRELIEEEREEEEEERE NN

A



CALL GMSHWND (NNN4y NANNSDSe NNN? e HNNNIT)
CALL CNVWND (CCDPMINs UNOTs CCOPMAXy TCH)
CALL GMLEND
CALL GNCCSZ (X)
CalLl SMC2NG (XD
CALL GNVFRM (X)
DO 509 I = 149
CCCI) = CC1) YCONVIRT FRCM INTEGAR TO REAL.
-
C CHANGE LCEFTH VALUES TO NEGATIVE VALUES SO THAT Y=-AXI3 STARTS AT
o LOWIR VALLV S AND GGo3 TO HIGHES VALUES (CEPTH AXIS).
C ﬁtk‘ltlliiltikttttikttttiit.ktktttittA*ktltlitttt*tkttii*iii*tlA—
»
CO S10 M = 1,SAMPLNUM
NEGCEP(LgM) = =DEPINCI,M)
NEGTIMEI N M) = ~TTINCI,M)
510 CONTIALY
508 CONTINLUE
r
c PUT PLCTITING LINES ¥FOR DI2TH MORFL INTGC PLFFFR.
r kh b hk k& AAARAXINREAAAE AA Ek k kA XA hk ¥k K KK A A Kk A Ak A X A A TA N AN AN R AN EKk & A X &k &
C
DO 511 T = 19SAMFLNUHM
CALL GMHGMD
CALL CMOBVLR (CCU1)y NEGDIPC(loI))
DO 521 K = 24P
CALL GMBYER (CC(K)s MEGDEP (KyI))
521 CONTINUE
211 CONTINUE
.
C PLOT DEFTF MDOLL LINES.
C Ak Akk Axh sk hhthkrk Ak hkhkbhaohkhhbhkhhkbx A AkA A s kA Ak bk kdhkk ik
[
. CALL GNBPLT (NWAIT)
~ PLOT TITLE FOK CEFTH MOOEL
C AKX BANXNRARA DA AN AN T A AR S AR A Ak A kA A A ARk hkAXAMR N A ZARR AR AALA A R A KAk k A5k A A
c
CALL GNCEMD
CALL GMSWND (NNN1y NNN1, NNNGy NNNT)
CALL GMUWAD (0a0y 0.0y 1000.04 750.0)
CALL CMTITLC0e9725e9~1e9=1e)5THARJIT RM910e90es IC3 T 9IJyIDEVyIHFCy IHPED)
{
C PLOY URIT VALUES FOR AXFS - DEPTH MODE
"‘ Ak AN kAAARANKNEASAA RS ASKN A AE S Ak AR kA dAA A AR R Ak kA Ak k Ak ik

N
[d=]
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SHOULD BE LABELLED ON X-AXIS.
EAE AR AR R ARkt ARk AR A Ak A AR Kk kA KA R kR R AN AR KRR AR KA KA R AR Ak Ak AU A AR &K

NNN? »

NNMN D s
1908 47y

O.U'

« 3.0
- e
< wiN
©owm

NUMBERS™)

13.0)

NDETZRMINE HOW OFTEN COP'S

NN 9
wrs?)
NUM)
NNN 1
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TN e Wl
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LD € ot T3 R st o [ 4 tole ta
2 aa.w 2.~ ol PR wnd PR d
DD IDD in Pt et e 0 L i O

AdSCPOINT)

« U I INT)
2e1)

BOTy
b

1,
N
b
0
"TRACE
(000'
OINTs45.04IP0OINT)

Qrire ool
XX | O w2
Mgl |
TER N R
FOAT e ) e

Ak k kR ADNRAAKNKARARAK KA B KA AR Ak Rk hd A C AN hh kh khk Ak A Ak AR
750.0)
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QLI
A LS OMIYI0D
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0
M
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[ I Nen T

DO

YOI,

elvielep]

t43

HAVE HARIL COPY MADF OF 5HCHY-N IMAGYE .

I NN E P EE RN E NN E RN N RSN NNEN NSNS NESNNESEENEERENENFEFI TN NI NS SEYEEMN
CALL GrerCy

CRALL GNMSWUND (NNN1,y, NNNT, NNNHy NNNT)

CALL GFUWAD (0,0s 0.0s 1200.04 750.0)

CALL CPVMCV (D0.0920.0)

WRITE (ay4) ®O0 YOU WANT THIS MNODEL PLOTTED IN THWO-WAY TIME? === @
REAT) (4,500) ANS

CELL 2!EUF (ANS)

ERASE SCREEN.

ER A AR AR R AR R AR kN Rk A E A A AR A A Ak R AR AR AR A AAR AR RN S A Ak A AR AR AN A AR k A h k&

CALL GNCERA
IF (ANS «fde "N¥) ROTURN

PLOT Twd-LAY TIME MODDEL

Ak Ak XA kA AR kA hhkRA b hhohk e Kbk Ah bk kk Atk kahdhAA kb h bbb A K hkk Kk k Ak kX &

TOP = -JTNIN
BOT = -JTMAX - 5060
CALL GNMCGMD
CALL GNSHAD (NNN4¢NNNS ¢ NNN2GIUNN3)
CALL GNMVWND (CCOPMINs BOTs CCDPMAXs TOP)
CALL GNCGND
CALL GMUFRM (X)
PUT TINE MODEL PLOTTING LINCS INTO BUFFER.
AEkk Rk R ACA MR ARRNE AARE KAR K XA A A AR AR A AEkKk AR EA A AN A A R A Ak Akt a3 XKER
DO 341 I = 1y SAMFLNUM

CALL GMHGMD

CALL GNMSVYDR (CCCL) o NFGTIM(151))

DO 43 K = 24 P

CALL SMBVLR (CCUK)yNEGTIM(KsI))

CONTINLT
CONTINUE
NWAIT = 0
PLOT BLFFER CONTENTS TO SCRfEEN.
t*tll'tl'li‘tt****ttt&kl’l'tlkikttktttki*ﬁt*it‘iitttit**kk}'i*'k*‘lit*t*
CALL GNSPLT (NWAIT)

1e1
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POINT = TPOUINTY
CALL GCMUNUM (POINT¢4,.04IPOINT)
n87 CONTINUE
NedIl = 1

CALL GMOPLT (NWAIT)
C
C HAV S HAD COPY MAGD DF SCAUN ITMAGL.
[ AKAAG KA b A b d hAAAA AL R AR AR A AN AA A AR R AN AR AN AN AN K kk AN X h kkh Ak ko
C

CeLL GNTHCH

PAUSE
r
C EAASC SCAEEN AND REZTURAN TO MAIN PROGHAM.
C AAhk S dadt A d A ARRAKREE A dA A A At kAR A AR KA KK A KA AR AR SRR Ak h hd & Sk &
C

rALL GNCERZ

RETURN

END
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THIS SLeXCUTINT CReATT S TH UL OHTAOER AND TRACE HOAUS RS

FOR STACKED CDP TRACLS - TWHLVE #0LDe THE TRACLES CIRSIST OF

THY REFLECTION COEFFICIANTS. HITTTIEN HY READY, 1934%., MODLFIED
3Y 10<kiLs 1984,

[ EZ B R EES RN NENERFENFENSNFEES SN NN YRR SN NS RN SRR N NN NY NS NEESEENYERE RN

SUBROUTING TAPEGEN(TRACHCOP 4P yul sSAMPLNUN 4 G4 NUM)
REAL TRACI (254400009 TAPE2¢4000)
INTEGER  COP(29)s Py Jy SAMPLNIUMe Ny My De Ge iy NUM
INTEGER®? LoKREELLCLAG0) $REEL2(2T0) 9 TREOUT(120)
CHARAC ISRa1 ANS
CHARACTER 420 FILNAM
COMMON/MOCEFL/TY (25,5 100)
WRITE (4,4) ®WHAT DO YOU WANT YOUK SPEX CATA FILE NAMED? —-- ®
RTAC (4,810) FILNAM
810 FORMAT(A2()
OPEN (14STATUS="NEW®yXECFM="OYNAMIC®y FILE=FILNAMoFDAM="UNF OFMATTED® 4 MORE =3 INARY®)
D IS THE TRACZ LENGTH IN MILLISECONDS (IFf LENGTH IS SREATER THAN
OR EQUAL TO 1600 MILLISECONDS) OR MICROSECONDS (IF LENGTH IS
LESS THAN 1000 FILLISTCONDS).
Ak Ak hkk Ak 2 A S RA AR RS E AR AR SN A AN A AR A Ak Ak AN KARE AR AR AR A R AN R KA A AN X AAKEk &
D = 1
IF (Q <G« 1008) D = 0/1000 ]
WRITE (as3) ®YOU HAVE ", NUM, ® SAMPLES IN EACH TRACE.®
WRITS (&y%) “HOMW MANY SIMPLTS NO YOU WANT PER TRACT?2 ~-- ®
READ (49%) R
WRITE THT REEL HEACSR DATA TNTD ARKAY RECL2 FROM USZ-S2FCIFIED
SAMPLE INTERVAL (D) AND NUMHBLR OF TRACES(R).
AAXNRNA R AR AR AR AKX RAA AR GCKA RN R A N AN b Ak Ak RAXA SRR A A AARNA R bh bk ko hhh hh A3 hhk k&
REEL2(T)=1
REEL2(S)=C
REEL2(1C)=D
REEL2(11)=R
REEL2(12)=R
REELA(13)=1
REEL2(15)=1
L=1600
K=200

=
+=




e iee]

he Rt P Nl

bun Tur R e

slalsln)

YISOy

RS 1O Toe SPoX FILEC.

WRT T RO EL HEAD!
AR AANR AR A AR NG RN R R R AR AR b A A AT kA R A AL AAAAIAARIS AR RG AU e WA aAAKS

Al
*

WRITECTIIL o RIELTgKyRIEL D

CALTUL 2 1. THE NUMBE: OF 3yl L5 N-TDUDY FOR FACH T-2aCl (INCLULDES
THiL TRECE HEADER) .

AA R A XA AAAAAANKAARKE KA A h ha bk AR A A A Ak AAAAR A ARNAS A AN AR AN A Ak shdh D

%: 120 ¢ (R=x2)
=1
DD IHILE ‘IIL;.J)

INITIALIZE ARRAY TAPZ2

Ak A kA RAA A AAAET R AARAE AAAA N kXN AN AA KR RAAS AAAAARNEA A AL kR AN KA A b hkAKER &
C3 A

TA

ZNL TC

YRITE TRACE DATA FROM 2-D0 TRACE ARRAY INTO 1-D TAPE?2 ARAAY .

Ahkk hthk A A kA AN A A AARNRARNAN A A A A A ANAN Kk kA kA bk AR AR kAR Atk A bt AR K kA kk kS Ak &k &

1
2

s 4000
P{N)

= 0.0

T

E

140
TAPZ2(N) = TRACES(IWN)

WRETE TR8CE HEACERS INTO 1-9 AR2A4Y TRHOUT.

kAN AKX AR B AAARNK KR RAA AN B R R A A A RERXN AN A KK KX ARSAARKCAKKA kb bk k AX kK AA A K&

TRHCUT(2) =1

IRHCUT (4)=1]

TRACUT (£¥=1
TRHCLT(8 )=1
TRHCUT(12)=COP(I)
TRHOUT(14)=1
TRHCLT(15)=1
TRHCUT(17)=12
TRHCUT(14)=1
TRHGLT(58)=¢
TRHLUT(%9) =D
TRHCUT(88)=1
TRHCUT(92)=1
TAPEZ(1) = .000091
TAPE2(FR) = .000001
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s CArLtl SLYICLTIN CUT 10 CHANC- TO SI77 0Of AluaY 14AP22 T TH: USTE
C SPECIFITE 51728y AND WRITE SAMPLED DATA IN SPEX FORAAT,
(‘ k& Kk A k& & A & &k kA REEk A A NAAN KK AAKAE AR & A & hkb Atk s Ak khhkd Ak dtd et bk & A AALS
CALL aQUT (TRHQUT, TAPL?y Hy L)
[ =1 +« 1

TND DD

CLORJE (1)

RFETURN

ENE

w
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101

ninleiale]

sinisleleke

DY

CALCULAITLICN OF TWO-WAY TIMU USING CEPTH AND VELNCITY
FOL OINTIAT SYNTHFETIC MDOTL

REFLECTION COLFFICIONTYS ARE ALSO WRITIEN 7O THE TIMZ
SCVICS ARRAY THACE. THIS AMRAY WILL CONTAIN ZEROES
CXCIPT TURING THE TIME INTEovALS THAT REFLECTION
COFFFICIENTS ARE ENCOUNTLZRED.

o
T i

AY (DCPTHy VE!vJv;AHPLNUN ECoNeTRACEWNIM
100)4v7 L(° 2 100),TI M7 oRC(/balOD)oTPQCZ(
SAMPLHJM,NUM,S;Q,FLAG,INY

(224100)

)
25¢40€C0)

OV DU
R x

oo
T i

2MmM
x

-

*
[*1]
[}
t

R Eedor

]
o T ozng

(M «LE. J)

itilam

N «LEs SAMPLNUM)

HE TWO=-WiY TIM® IN MICROSECONDS DOWN AN) BACK FRCM
THE NTH LAYERS
k& &k

AKX AR AKX A kXA KA A AEAKNAAA AR ARR AA A Ak kRh bk ks Ak & bhhkk %

(L2000*(OEPTH(M,NI-CEFTH(MeN~1))/VEL(MsA=1)) + 1000)

—i
L
x

=m
-
~—
™

VAL (INT) AND THE COURTZR NUM T(C

INCRENM INTER

PO?I?ION) THAT CORRESPONDS TO THE
LATE

&k k&

THE PRC
THO- KA

xk& & k &k

N> o b
W o Ve

* et 0
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»C. B
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ldfﬂ“ i s
W IR -
=M= 21
w» il

» Y X
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*OYXT™ R

Ak kN AREk ARk Ak Ak A AR Nk A kAhk KA kX kA & hh ki &

»
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NT+Q/72) ANDa (TIME 4GTe INT-Q/723) THEN

BEEN INCREMINTEL BOFORE ASSISGNING TEL
HAS NOT BEEN INCREMENTEDy; THEN THE SAMPLE
~NGUGH,y AND USZR IS ASKED FOR A SMALLER
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e IeTe R

MY

[y

et wln]

AR G AR AR AR R AL A ARk AAAh kA k& Ak AR AR A AR AR AA A A KR NS AAh S bk bk A AA &

IF (FLAG .EG. INT) THUN
IF CTT{MyND) NCo TTOMyN-1)) THEN
WRITc (x,«)®5AMPLE INTERVAL IS TOO0 LARGEZ FOR YQUR CH]A SuTa¥
HRITE (ayga)™ny FASE TYPE IN A SMALLERX SAMPLE INTERVAL &
WRT TS (a,x )0 MIUMEBET Ry I MUST BU IN MICROSTCCNDS. === M
READ (+42) @
60 10 101
END IF
END IF
FLAG = INT
IT CRCCMaN) oNFe Oe1) TRALECMINLMIZZCIMYN)
END IF

INCAZMENT THE DEPTH ARD VILOCITY 8RRAYS 70 THE NEXT DZIE£P£ LAYER
* &

Lk R AR A X ARMAXRAEA X AR AR AK A AR A AN A AA R ANNR A AR AR A AR AN A SN AARN AN KA K ALK & d o A

h =N+ 1
END RG

INCREMENT THE TRACE NUMBTR.

I B SN ESEERERESIS SN ER S I NN EDEEREE S SN RS ERESES SRS SRS s REREE R EESR N

= M o+ ]
END DO
M =1
REDIMENSICN TIME ARRAY FROM MICROSTCONCS TO MILULISCCONODS FQF
EASIER DTSPLAY AND FASTER COMPREHENSIGN.
Ak REKERA AR B AR ARAARAR SR NA R EK AR AN AN A A A AR R A A AR AR AR KRN AR KN K AR K AR A&
no EHIL% (M 2LEs J)
00 WHILE (L <LEe SAMPLNUM)
TTCKIL) = TT(HMsL)/100D.0
L = L.+ 1
END CO
M = M+ 1
FND) DO
RETURN
FNY

8¢ |
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subroutine ZAPUP
Last ugpdate? 3/7Zar84

force the alphabetic characters

in a string to be upner cases

A KANSAS GEOLOGICAL SURVLY LIBRARY ROUTINE

subraoutine Z2APUP (3)
implicit pnone

inteqger N
characters(*) S

intrinsic char
intrinsic ichar
intrinsic Llen

e
Nlagee®al sande SININIalea®2%) SININ) = charticher(3(NIN))-32)

w
©w
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TO ALLOW THT Us ROTY CHANGD Dri?THy
ELOCITY VALUES OF THE SYNTHETIC SEISHMIC MOGOY L.
ALLOW FOR INSERTION OR oELTYION JF LAYEFS.

—_—l T

I S S NS NN NN ENEE N RS NN E RN NSNS NI ESEE NSNS ESEFEREFREFEN NS IE NN

[l Re Tar¥eie]

Py SAMPLNUPy

SUSRNDUTINE CHANGE (VELINs (-2 INe TTI
2 )RMAK:IHFC.IHPFC)

JoTTMINcMAXUFP;

DEPINCD 4,100

*

AMPLNUMydy COPMIN,
PEC

ND
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'S SUPPLIED BY THE USEFR (LCEPYH-VELOCITY PATIFRS)

Ak kA RAhkhhort Ak A hhk AN AR bR A bk ks kA b b &k h Ak kA
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o~ il
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COP NUMHER = ®,C (1)
DZPTH VELOGCITY 2-WAY TIpNg®
} L)y VELINCISL) » TTINC(TI L)

aal - Nhol antl M"Y
L X T T -y
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3 CONITINLE
ASK FOR WhICH COP AND LAYER ARE TO BE CHANGED.

ek k ARKA ARk AAEE Ak AR ARAN A AR AR A A KRR AR R AR AR AR AR AR AR AR Nk bk k Ak kA X

COOM

HRITEC(2,y2) 2TYPE *CDPoLAYERY FOR POINT TO BE CHANGEDw
WRITEC(Ay«) ®IF NO MORZ CHANGZS ARE NEECHEDy TYPT 9040%e o o "
READ (244%) NUCOPs NULAYEZR

IF (NUCSP .NEe D) THEN

1
121 IF »NEs NUCDP) THEN ISET I SUBSCRIPT TO BE CHANGED.

-
[i%]
ot bt

ASK USER WHETHER DEPTH 0% VILOCITY IS T0 BtE CHANGED.

EAR KA RRRAARKENRAERRRARAE R AN A A AN KA N RN SRS AR A SR AR N KA ARA AR KAk KX Kk AK&K & &

ohYOD

RITE(&a«2) ®TYPE *D* FOR NEZWw DEFTH OR TYPE *VY FOR NId VELOCITY + » » ¥
EA (*y130) ANS

0hi

T



NAY (A1)

L ZAPUP (ANS)

» T, (ays) “WHAT IS5 TH- NfW VALULD? & o » "
READ (ay,x) VALUE

CALCULAT. N UZFTH AND TuO-wAY TIMTs IFf CERPTH IS 7O 37 CHANCED.

& Bk Ak kAR X AKAKEAKAN AR AN AAAGALNS Ak K AR A KAAA S A AAA & AR XA AR A Ak Kk & Ahkdh A

130 “OR
L
RT

FIEN

NN
XU=Z

U5 btk {73 e
.qd—"—Aﬁhqm

T

JIPINCL 9KI-CIPINCI oK-1D)/VELINCIyK-1))
141 o
W VELOCITY AND TWO-4ay TIMD IF VOLDCITY IS TO Bc CHANCZCe
*
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“NO IF

CHANGE MAXIMUM TWO~W4AY TIME FOR TRACES IF IT IS INCREASED.

ANRKRAR AN A AN b AN A AR R KRR A kh Rk kA bA AA S AAR AR AR SR AA KN kA KN KK KAK&X &
IF (TIME o6T. TTMAX) TTMAX = TIME
LOOP BACK UP Ty ASK USER FOUR THE NoXT CHANGE.

REAEKE Ak BRAEAEANEAIREAAIE EEE NN A S AR A RAARRA AN A AN AAR Ak kAt &k bk kb

T For Foo TS Ren e T

G0 10 181
END IF
RETURN
END

Ihl
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initiviaR

700

[ T R YAn

701

ainlots)

715

OO

NISPLAY GJILL PINT TO ThD 1T7KMINAL INFORMEATION CaLluLal D
FOR ANY TRACE (DEPTHSy VELNCITIESy TWO-WAY TIMES,y AT
REFLECTION COLFFICIINTS).

N Ak AR AR AR AR A AR AR AL AR AR K RA R AN AR AARAR AAD AR RA AR A Ak k kd k& Ak AKX A

SUBROUTINE DISPLAY (DEPTHyVEL +ACeCTPsdsSANPLNUM)
REAL CEPTH(255100)s UFL(25,100), RCUZ59100)
INTEGER COP(25)ys Jy T(25), SAMPLNUM
CHARACTER A1  ANS
CHARACTZR*%0 FILNAM
COMMON/NOLELZTT(25,5100)
WRITE(4,%)%00 YOU WANT TD SEf ANY OF THT INTERPOLATED TRACE DATA?2 —-= ™
READ (4,700 ANS
FOINAT (A)
CALL ZAFUF C(ANS)
IF (ANS <AE. HY®™) GO TO HOO VAND WRITE OUTPUT TO FILE
ASK USER FOR THE TRAGCES TO L DISPLAYEQ.
A AKXkt &k A AR A RN S R AR EREAREXN A AA R A A A KA NAA Ak A AR A RA SN AR AKX A kK X AR AR
WPTTZ (44%) "HOW MANY TRACE3? —=- ®
READ (#,%(I3)*) NUMBER
DO 701 I = 1sNUMBER
CRITZ (#44) BTRACE NUMBE! = 2 ®
REAT *4 T(I)
CONTINGZ
WRITE THE TRACE DATA REQUESTED TO THE TERMINAL »
[E X EE S N R R AANAA AR AANR KA KA KA Kk Kkt kAKX AA Kk A AR A K kA kA hkk Ao b bk & 0 & &
0D 711 [ = 1,NUMBER
IF (K «GTe J) THEN
ggx}g(;i;) YC<BEL>TRACE NUMBER "4 T(I)s * NOT FOUND."
i
ELSE IF (T(I) «EfQe CDP(K)) THEN
WRITE TARLF HEADINGS TO THE SCREEN.
kN hkAAK D2 &A REAR AR AR ARSEAKNRNEARXEA AN KA R AN R AR A ASC R A AA K AE AE E A T Ak k Ao A &
Moz
WRITE(%,#)"COUNT DEPTH VELOCITY D= WAY TIM{  FEFa COTF.®
WRITE (#ge)® F17SEC MILLESEC®

F
N




3O Y™

T11

MO0

£00

(g Fe N Rew Q)

WHITE(*xys) CDP(K)
JRI T INTEAPOLATED U9 THe VeLOCITYs TEO-WAY TIM e AN RFLEZCTION
COLFFICIeNTS TJ THE SCRErfNa
Ak &k A b &k &4 44

AR KK EARE AR RAA S AN AAK G AN AN R AR AR RRA AA S AAANAE AA R S A Ak A b Ak
A

GO WHILE (M .Lbt. SAMFLNUM)
WRITE (2 9722) ODUPTHIA ¢MIJVELEKyM) 3 TT(K M) 4IC(KIM)
FORMAT (6XeF12+.09F12a%9F12.59F126%5)
M M+ 1]
ENDC DO
ELSE
K = K + 1
co 10 11y
END IF
pPauSe
CONTINUE
é;&q#gER IF NEW FILZS OF ANY OF THE INTERPOLATED DATA SHOULL BL
Lo -
AEA B A A ARR R AR ARAR S AR SR AN AAAKKAEA AN A AR AAR AR AAR SA A AL KA k& KA & Ak k Ak 2 dkkk &k
WRITE(#,«)%30 YOU WANT ANY OF THt INTERPOLATED TRACES MADE INTO®™
WRITE(#,,#)"DEPTH-VELDCITY FILES?
REAT (2y700) 2NCS
CALL 7Z2PUP ( ANS )
IF (ANS .EfN. "N")iRETURN
WRITT (nys) ¥ENTER TRACT NUMsEY .M
HRITE («48) ®IF NO MDRE FILL“ ARE HWANTELy TYPE *G993V, —-—- &
READ (*,s%) NUMBER
IF (NUNMIFTF oFQa S$999) RETURN
WRITE (ay2) "WHAT DG YOU WANT THE DEPTH-VELOCITY FILE NAMELC? ---
READ (#+3;700) FILNAM
CRECATE FILE AND WRITEZ 79 IT DEPFH AND VELOCITY VALUYES FROM
THE INTZRFOLATED SEISMIC DAYA.
A NAKAEE AR B AAAX R AR AL A AR A SR AN R EER AR A AN AA XN AN AAR A AN A NN A AN A A A KA A & bk N &k
ggE? (li EILE:FILNAM. STATUSL="NEUW® y RECFM="DS5S9)
- 4
IF (CDFC(I) «E£Ge NUMBER) THIN
EC K = 1, SAHPLNUM
WRIT (%gn) KeDEPTH(I»K) W VEL{I4K)
WRIT {1580 VEL(IsK)
FORM!? (F12
0 D4
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341

00 LJOF TC PERFORM SIMPLEy STRAIGHT-LINY INTERPULAV [N,
CALLED HY SUBROUTINE INTURP TO DO THd ACTUAL INTEK?2OLATION.

Ak AKXt R AL ARBAAARAAE ANAA K AA S DT &k AL R 2 AXR ARAR AR AA AR AR K kR Ak X A &k ¢k & A Ak k4 &

SUBAOUTINE DOINTERYE (DIFF e 25 PTHe Ke Mo Ly INTVLe V7L “C)
REAL CIFF, DEPTH(2%9100)y VELC(259100)y RCU254100)
INTEGER Ko Mg Ly INTVL
SUBROUTINE CALCULATES VALUFS BETWEEN USER INPUT VALUYZSe AND DOES
NOT ALYER USER ITINPUT VALUES.
Ahkhk Ad kR A A RARER A AR RAANEAAAAKNAARA KNG E AN R R AR A A AR A A AS b Ak A Kk kA ADANKA D
CIFF = C(ODEFTHC(Ls M) ~- DEPTH(KyMIDI/ZINTVL
CO 241 N = 1, INTVL-1
CUPTHC(RK+NoM) = DEPTHA(K M)+ (DIFFxN)
VOL(K+NyM) = VoL (KyM)
RCCK+NosM) = RCUIK M)
CONTINUE
F o= N+ 1
RETYRN

FND
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100
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202

SUSRQUITINE 10 TAKE USER DEPTH-VELOCITY PAIFS FHOM THYS T IMINMNLL
ANY INPUT THE VALUES INTO Fl72.5 FORMATTED FILES.

Ah &k AA AL AADAA M AMAN AN NE A MO RAES A A A AN A ARk A A AR AAR N Ao Aab kb k& Ak 2 AR &3

SUSROUTIN:Z INPUT

REAL LEPy VEL

INTTGER 1

CHARACTZR 1 ANS

CHARACTER*S0 FILNAM

WRITE (xy2) BWHAT DO YOU WANT YDUR FILE NAMED?2®

READ (+,101) FILNAM

FOIMAT (V)

OPEN (1y FILE=ZFILNAM,y, STATUS=YNEW", RECFMz="DS", ERR=20?2)

SUSBRCUTINE PROMPTS USER TO INPUT ONE DEPTEe VELOCITY PAIR PER LINE
A bkt hh LA AAS kA KR ARRANAN K AR AR AN AA A RA KRR AAKK S b kAR AR kA kabb & ARk kh ki
WRITE(42,2) “TYPE IN DEPTH,VELLOCITY PAIRSS ONE PAIR JF VALUES PER LINELY
?RII%(*)*) 2T END INPUTy TYPE *1le1°v

WRITZ (x4,103) 1

FORMAT(® DEPTHs VELOCITY 8§ Y3124 ~~=u)

READ (242) DEPL.VEL

TF ((DFF 270w 1«0) +ANN. (VEL «FQe 1408)) GG YO 150

WRITZ (141048) DcPoVEL

FORMAT (F12.59 2Xe F12.7)

I =1 + 1

GO T3 162

WRITE (492) DO YOU WANT TO CREATE ANCTHER FILE OF DEPTHe VELQOCITY FAIRS? —=-n
RFEAD (sy 101) ANS

CALL 22PUF (ANS)

CLOSZ (1)

IF (ANS LEQ. ®Y®) GO0 TO 100

RETURN

ggéff (x9%) ®PROBLEMS WITH TRYING TO CGFEN FILE FOR U3ER INPLTI®

-+
(o]
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C SUBROQUTINE TO INTERPULATLC DLPYH VALUES ALCNG STRALIHT LINCS
C BSING INFCRMATION F20M USEK SUPPLIE CEPTRy VELDCITY FIL TS W
C RYFLECYIDN COLFFICIINTS ARt THEHN ASglbh LD FOR LAYER HOUNDARIES.
C VELCCITIES ARE NCTY INTERPIOLATED.
C REFLECYION COEFFICIENTS MUST BE RECALCLLATIED FO. THY DIFFERENT
C TYPES CF GEOLOGIC GrodMETRIES WHICH MAY Bf ENCOUNTERED (£ 6. FINCH
C OUTSy CISCORDANT BCUNJARILS).
C INTCERPOLATION IS CALCULATED FROM TOP 10 BOTIOM FOR A SINGLSF
I INT RV eL . THE INTCRPOLATION THEN PROGRESSES TO TH. NEXT CDF
C INTFRV 2L »
C
ff AhA ANk Sk kA A AA R AR AAR N A AR AANE AR A RN R AR RAE R A A AE AN Nk KRN ANARTAKRNE X AR KA K&
~
SUBROQUTINE INTERKPOLATION (JoaDEPTHWVEL yRCoC +P o COPMINWWELINCDEPINSSAMFPLNUMLZCDF)
INTEGE » Jde C(R)s Py CUOPMINy Ly My INTULy Ky SAMPLHUM
INTEGER  CDP(2%5) 4 STARTK
REAL LCEPTH(294100)s VEL(259100)s RCCZ254100)y DIFF
REAL VILINC(S9100)y OUPINCS100)
C
C FILL IN ONE-DIMENSIONAL CUOP ARRAY.
c
COUNT = CCPMIN
DO 301 L = 1y J
COP(L) = COUNT
COQUNT = COUNT + 1
301 CONTINUC
[}
C FILL IN DEPTHy VELOCITY AND RC ARRAYS WITH INITIAL USER-SUPFLIED DATA.
C KAk AR ARAKEARX A AN A AN N ANRAANAAA A AR ARAN AR ANRA AN A A AR AR AN KAAAK A A AAR K AN AARAKX
C
H =1
DO 305 I = 1,4P
DO WHILE (CDP(H) «NE. C(I))
b= H + 1
END CO
VEL(Hs»1) = VELINC(I 1)
DEPTH(kRel) = DEPIN(I,1)
SC(F31) = 0.0
VEL1 = VEL(H,1D)
Co 209 K = 23 SAMPLNUM
CEPTH(H3K) = DEPINCI oK)
VEL(HsKY = VELINCI»K)
VL2 = VEL(HX)
CQEF = (VEL2 - VEL1)#C(VEL2 + VELI1)
RC(H+K) = COEF
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513

314

121

tol OF CEPTHy VILOCZITY, AND RC ARRAYS WITH INF-RPOLATEL VALUES.

Ad bRk d A Ak Ak A RN R kAR A kAN AR AA AR D AR Kk NN AR kA Ak kA a AN R R AR ARN KA

s 0

no 511 1 = 1y (P-1)

cop INYEHVAL HtTdEtN USER-SUPPLILD DEPTH-VELOCITY
VE) ANC INCREMENT K AND L COUNTERS TO YHESE CnP
&

I EE R EA RN NI EEE NS SRS ENFEE FEE FE NS EE NS N EY RN E RN B NE RN NE N

«NEs CCI)) THLN

NE. C(I+1)) THEN

Y%? ggUNTFR WHICH IS SET TO Z2ERQO HERE AND IS

TF EACH INTLRPOLATION IN THE DOINTERP

KAk kkXAE A2 RAE KAk AR Ak AR A XA R AR AR AR R AN N A A K AAN KR Kk k kk kK A hkk k2

N
oz

[ B¢ ol

» X LY

» R
| PSSR i of

L o -l
L

»OM
w Mmre

A
0
‘e

K
«£fis 1) G0 TO 311
» SAMPLNUM) 60 TO 311

JACENT DEPTH VALUES (REFERRED TD AS T0OP AND
THE CDP INTZRVAL.
.

AL RAKR kARBE XA NAR AN AR A AR A AR AR AN A A NRA A s bk kA k Ak &

st P p R

> Tz
~d 11

L X Y
T I

=
o wd i}
i

Ri

T O

[ Yy
| ]
* (N>
[ X% lw]
*

»

DETERMINE WHICH RC VALUES SHOULD BE ZEROED IF BOTH PAIRS OF TOP AND
BOTTOM DEFTH VALUES ARE THE SAME.

IRERERN SRR A AR AR RRA XA AR ERAE RN AN RN RA RS R AR AR kAN AN NAN Kk k hk k& A& & ddn
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342

DHOOD

346

b

nTeleFe ks

CIFF? = AUSC(DIFF)
IF THE SLCPU OVER THE INTERVAL IS GREATER ACROSS THZ SO0TTOM
LAy#ly THEN 2040 THS FIAST Paln BOTTONM RC VALUL .
SET THE REST QF THE BOTTOM LAYLR RC VALUES EQUAL TO THE
SECOND 2AIr BOTTCM RC VALUL.
Ak ok b k&R AR A A AN A AR A A AR A AR A Akt Atk dhk AR R RAAR AN NN Ak Al sk h kN Nk & k &k k &
IF (DIFF2 4CGTe. DIFF1) THEN
RACIK9M-1) = 0.0
LO 342 N = 1y INTVL-1
RC(K+NsyM-1) = RLC(Ls+M-1)
CONTINUE
IF (DEPTHU(K ¢M=3) b Qs DEPTHIK ¢ M-2)IRC(K sM=2)=0.0
It ((M-2) .EQe. NOLAY) THEN
D0 N = STARTKGK
RC(NyM-1) = 0.0
£tND CO
END IF
IF (M JNE. SAMPLNUM) M = M + 1
ELSE

ZERO TCP RC VALUE OF FIRST PATIRy AND SET REST OF TOP RC
VALUES 10 THE SECOND PAIR TuP R/C VALUE.

KEXAAEE XA R KA RK AR AN AR A A A A RARNAAKASRKAERAE AR AKAA R A AN RN ARk kb kA Ak k& & A XXX &

RC(K4M=-2) = 0.0
& N = 1o INTVL-1

Lo 34
RC(K4NM-2) = RC{L M-2)
CONTINUE
IF (DEPTHC(KIM) uE Qe D FTHOK yM=1)IRC (K M=-1)=0 .0
IF ((M-2) +EQ. NOLAY) G0 TO 238
END IF
T T |
GO 1C 321
PDETEAMINE WHICH RC YALUES SHOULD BL ZERQED IF THE TOP AND
BOTTOM CEPTH VALUES OF THE SECOND PAIR ARE THE SAMZ.
I A PSR E R FENERE AR RN S N S A N R R R R Y R R R R R R R A E N I R Fr RS E N E R ENEEREE R
ELSE IF (DEPTH(LM) +EQ. DEPTH(LyM+1)) THEN
CALL OOINTERP (DIFFs0UrPTHeaKyMyL sINTVLYVEL,RC)
LIFF1 = ABS(DIFF)
CALL DOINTERP (DIFFsDiPTHyKyMyL yINTVLHVEL RO
CIFFz = ABS(DIFF)




SLCPT DVIR THT INTZSWAL FOR THE TOP LAYER 1S GROATER
L Shoet CVER THL BOTTOM LAYLR, ZLRO THL TOP RC VALUE OF
N ’ -
[ §

Ak & k& &Abddabd & A&k A kA k&R Ad & AAKAAZARES & & A bk A2 &k d Axah

X e e b

=

?T‘ DIFF2) THEN
= 0e
HOL MY EQaDEPTHIL oM-1)IRCUIL yM-1)=0 .9

v THE INTERVAL FOR THE HCTTOM LAYER IS5 LESS

TO THE SLOPE OVER THE TCP LAYER, ZERD THE BOTTOM
£ SECONYD PAIRS

& &

I S S S SR EEEEE NS R RN FE RS ENE R EESE SR SRR SR N EEENNEREE

CITIOM T
-y
X
Fed
Z
(@]
E

If Fs DIFF2) THIN
= 0

: 1
(LMY eEQeDEPTHIL yM-1))RCALL yM~2)=0.0

G TV
T e ey
-~

~

meoy R
Uit
2%

£LEN THE TWO TOF VALUES IF NZITHER OF THE
ES ARE EARUAL .
*

kAR A Ak A Ak RAA XS AA RN A XA A AN bk kb hx &k Aok k &

OO,
i
v O
v
>

TTERP (DIFF+DEP THe Ko MoL 9 INTVLWVEL «ROD)

CTIDN COCFFICIENTS AT BOUNCARIES WHERE A LAYER FHAS

til*ttitk*llttttt*ttttt*tlttiitiiitttkikikktlt*iiik*

DO

1yd

X

361

-~
-
i
+ X
™
-z

~VEL LGy I-NII/Z(VEL( Qs I+1DY+VEL(OQ4I~N))

161
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i SUI~UITING 10 SAaLcurry '.?'.'EH SUOPONSY T R LTCTION CO T 1 CIENT
C SFRIFS, YRAN“MIQSI’)N L))C;L A ALL. INTERBeD) MULYLPLES ARY
C ACTOUNT- O F DR AS UM S ,AARIH 10 HL ﬁlb’[/CNTALLY NTFD24 IN
o ACTISTIS IMEFOANCT e 3ULICUTING SO IITFN PY VAP, 1183,
C MOBIFIF] FY ROEHLy 1944,
C b A A &R R AR AKAKR EAR SR A AR A KAk R kA A AR A AA Rk AR AR AR RN AR kA KA AL R RAR R
; SUBROUTINE MULTIPLE (TRACE, NUMy Jy Q)
' REAL TRACCL (25440000, AC4001), BUHGH0), P,y CXy CYy MULTCHDB0)
INTESER  Je NUMy Iy Ly LEN
A CHARACT R4l ANS
’ WRITE( 4, #)"D0 YGU WANT TRANSMISSIONS LOSSES AND MULTIPLDS CALCULAT.
READ (4¢6) ANS
2 FORMAT (%)
CALL 2APLF (ANS
};F (éyf 2E£EGe BN")Y ROLTURN
DO 8 K = 1, J 100 CALCULATION FOR EACH 1RACS
N
r INTTIALLIZ?F YARIARLES
(' It 2 S R B R R E R E E R E E E T E FEE R R N E R S R I S NS N R S N E S P R A S P E R E R AN SV EEEREEY R &
C
LN = 1
DO 10 1 = 1,2¢«NUM
ACIY = 0
peIy = @
MULT(D) = 0
10 CONTINUC
C SFT INITIAL POLYNCMIAL
(‘ kX EkEE R AN KA AN AR R Ak AXAERNAAN&E XAEAAKEAAKNAAARA AEA KAt R bhbkAx KA X A Ak k& &
ACL) = ll(lfTRACF(Ksl))
R(1) = IRACE(Ks1)/{1+TRACE(Ky1))
-
c BEGIN MATRIX POLYNOMIAL CALCULATION
[': EA K EER RA AR ERANANAS AR AN AAE AR KA K Ah A Ik S A A Ak kR AN Ak khX k& kk & A hNA
¢
00 180 I = 24 NUM
LEN = LEN » 2
C
C CALCULATE ELEMFNT 141 AND ELEMENT 2,1 *

£§1

»——




200

R T i

100

9 R T i)

J

270

400

100

[ge Run Baw Rone]

YYD

LA S EE ST BN Y BN I BV B AN AN S BN N IR BN I R RN AN Y Y IR BN T R SO Y B R A IR B A IR RN AY O BV U N N 3R B AR AR I BN BN IF A

X 2 A1y s TRACTURKy 1Y/ L+ T80 (KyD))
ACL)Y = ACLYM/ZAL+TRACEHE (K1)
£ 230 L o= JyLEN.?2
CY = A(L)I«TRACU(K yI)/C1+TRACL (K y1]) '(L-9)/(1*TRAC{(K|I))
L) = ACLI/CE+TRACEIRK, D)) +83(L=-2)+ ACECRg 1M/ (L e THACE (K9 1))
FlL=-2) = X
Cx = CY
CONTING:
CALCULATE LASTY CCEFFICIFNT FOR 231 BLEMONT
Rk ANN RS AN R A R AR AR AN R ARNC Ak R b A A hAX AMS KA AN S A AR R ha kA Ak k kh & Kb k& &
HCLEN) = CX
CONTINLE
ND POLYNCMIAL CALCULATION
FIND INMPULSE ROSPONST FUNCTION BY FILTERING
AN RN AR A S ANN AN A RR R AR A ANk Ak h Rk A bR Ak AA MR E AR K &R AAKN A KA S & A DA A& &
DO 270 I = 142aNUM
TRACE(K»I) = 0.0
CONTINLE
O 200 I = 142¢NUM
IF (LEN-I+1 LLT. 1V GO T 44d
MULTCI) = BCLEN-TI+1)/A8CD)
CONTINLE
00 200 L = 34192
18 (I-L+1 -LT. 1) 50 7O 380
IF (L 46T« LEN) 6D TO 500
FULTCI) = MULTCI) = A(L)*MULTUK, I-L+1)7A(1)
CONTINLE

TRANSFER EARTH IMPULSE RESPIONST BACK TG RC ARRAY

I B E SV EREFEREESSSEESEENESF N EEFFEFEITNES B ESEELENE RS SRS NEES NI EEEESS N BES SN

NUM=* 2

DO I = 1y
FAKI) = MULTLI)

TRAC
END DO

ZERO INITIAL REFLECTION AT TOP DF SURFACE
& & &

Ak &k h A *t*ittilk*t***ik**klttittlittiiﬁttt*t*k*tti*kttitttt

TRACE(Ks1) = 048
CONTINUCT

o1
=




MUM = ANM & D ,
RE TSN
TND




TC CREATE A L20x DATA O ILE ¢R
CGrRAM CONVERTS DEPIH-VELILCIT
Mo-VILDCTTIY 2 5IRSy WND HAS A
A

FIte MUSTYT BE IN F12.%42%4F

oM
Y
N
1.

SINGLL UsL
ITRE INTU &5
TION Tu CALC

2.7 FORMAT.

A R INPUT
A MIiLLIL -
op UL.ATE

A S RS S NN EEBE NS EE R NS S I N N R NS NN E N NN SN RN EENE RSN NN EFE R NSNS Y

ialetetelLTeTols

AL TIM1y TIM2yy CH2ly QZFDy TTe “2C4000), VLY, V=12
PEAL MINTVEL2,y INTVZLY, INTVLCL2,y GOTDEPs TOPDEPs MSICl, MSEC2
REAL CEPINTVL
CHARAC 12450 FILN My, OUTFILL
INTEGER SAMPLNUNM, 0
N
WRITFE( &%) BWHAT IS THY UDPTH VSe TRANSIT-TIME FILM NAMF? --- 1
READ (+2,9%5) FILNAM
39 FORMAT (4)
WUPITE (xea) BUHAT £0 YOU WadT YOUR SPeEX OUTPUT FILE NAMID? -—--= ®
READ (*4SS) QUTFILE
TIM2 = {a(
MSZC1 = (.0
. MSEC2 = G5
[
C OP-N D272 FILE ANC READ FIRST DZPTH ANED TAANSIT TIMAF VALUCS.
C A h kAR AAAROA RN A A A AR RN AN A K kR AN Ak AR A AN kA kA kA RN B AN AR RANGKA R k kb & b Ak K &
¢
0PN (ly FILE=FILNAM, RLCFM=90S", RR=298)
OPCN (22 FILE=JQUTFILE oSTATUS=YNEW® ,RECFM=DYNAKICY,
9 FORM:"UYFOKMATTED'QMCEE "dINARY”;’{2:298)
240 (1) 101y IND=290+ FRAR=2Y9) DIF2y 1T
PlOI FORNMAT(F12.532X2F12.3)
C CALCULATS VALUES FO2 FIRST 1LAYT s
C ARA AR RR AR A AR AR AN RA R A AA AR SR SA A AR K AN AK AR A AR AR NG hRAA kAR Ak kA AR A& &
C
I = 1
INTVEL]D = Q.0
T0P2cP = L[EP2
RC(1) = Qb
VL2 = 13C06000.0/7T77
105 VELY1 = VEL?
DEPY1 = LEFZ
. TIML = T1INZ

9G]




—

iy

e lateln)

250

238
299

300
301

PEAC NJAT ucPTHy TRANSTIT-TIME pPAIR AND CALCULAT:L VALJES.
I EENE S NNNERNIERNNERENEENIENWENNNEINNFENERNERIENFENNNDEEIESFI RSN NN SN
RECAD 1ol yCNLO=2904 IRR=29%) DL22y T
VEL? = 10C0€00G.0/1T
TIM? = TINYI + (2000 « (DFP2 - DEPII/VELY)
IF ((TIM1 JEs MSEC2) LaND. (FIM? Lbce MSEC2)) THEN
DJIFF = (MSTC2 = TIMIYZCTIM2 - TIML)
BATC:EP = DEP?2 + DIFF
CEPINTVL = u0T0cP - 1TOPDP
INTYVELZ = (QEFINTVL » 2)7 L3005
IF (INTVELL oNE. Da0) RCUID=CINTVEL2-INTYELYL»ZUINTVCL 2+ TATVELD)
INTUL LY = INTVEL?
TAPCEP = BOTDEP
MSECLT = MSECY + .5
MSEC?2 = M3EC2 + .5
f =1 + 1
END IF
GO 10 105
NUM = 1
SAMPLNUN = 1
OPTIONAL CALCULATION OF HMULYIP 13
kK& Xk R AR R b bk hAkA ARG B AR A A AAKANR I A AN ARA RAR AR AR AR A Ak Ak ok k vk & 3%k k&

CALL MULTIPLE (RCs NUM, Q)
REFORMAT CaTA INTO LSPIX-COMSAATIBLE FILF.
SUBRCUTINE SYNGEN IS5 SIMILAR TO SUBRCUTINE TAPEGI?
Ak kk& &

Ak & Rk Ak kA kK A kb AkhNXAh kb okt & bk kxk &k AAhkAh kbt kkhkh bk sk k hdkkae

CALL SYNGEN (RCs NUM, $

¢0 10 200 |

HRIIEC14s) *TROUELE IN OPCNING FILCes<CHECK ACCESSTAILITY

KRITE 536.) » TROUBLE IN REAULNG DATAe soIS FURMAT IN F12.5,2XsF12.52
WRITE (%3201) OCUTFILE

FORMAT (P YOUR SPEX FIL. IS ~= HA)

CLO3 (22)

ELOSFE (1)

STYop

END
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