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SUMMARY 

Shallow high-resolution ref1eclion surveys can be used to study 

hydrocarbon reservoir analogs on a scale of 1 m \·e rtically and 5 m horizontally. 

This scale is two ord ers of magniLude up from laboratory specimens and two 

orders of magnitude down from typical production reservoirs. A 12-fold CDP 

survey designed to determine prnclical resoluti on limits, imaged geometric 

changes in an oolitic limes tone near Independ ence, Kansas, at a depth of 

approximately 75 m. The dominant frequency of the stacked data is in excess of 

180 Hz. The predicted reso lution limits at this site, according the the 1/4-

wavelength criterion, is on the order of 2 to 3 m. Practical resolution limits at this 

site could be as small as 1 to 1 1/2 rn. Seismic refl ection can be utilized at this site 

to accurately place stratigraphic core drilling hol es for determining depositional 

environments and geologic processes responsible for the present geologic setting. 

INI'RODUCTION 

A high-resolution seismic-reflection feasibility study was conducted in 

southeastern Kansas to delineate the orientation and geometry of a shallow oolitic 

limestone. Knowledge of orientation and geometry serves as an aid in 

determining the depo sitional selling. The 12-fold CDP profil e was designed to 

image geometric changes of the oolitic limestone at a depth of about 75 m in a 

depositional shelf-to-basin environment. An initi al seismic survey revealed 

truncations and pinch-outs in strata that sandwich the oolitic limestone. These 

features are significant from both a geologic and geophysical perspective. 

Geologically, the nature of a truncation or pinch-out, either from erosion or a 

facies change, is important for determining the depositional history. Geophys­

ically, the pinch-out or truncation represents an opportunity to quantify the 



practical thin-bed reso-lution of shallo w hi gh-resolution sei smic r eOection at thi s 

site. 

This s tudy highli ghts the geophysica l a spects of quantifying practical thin-

bed resolution . Th e data were ac4uircd a nd processed lo focus on a distinct 

shallow high-resolution seismi c re fl ection al approximately 65 ms 

(slratig raphi cally und erl yin g th e oo liti c lim es tone unit ) lhal either pinch es-out or 

is truncated by an overlying refl ector. The res ul ls of this study will aid ongoing 

interpretations of the pinch-out or trunca tion of the oolitic limestone unit and will 

a llow accurate placement of' core hol es in-tend ed lo dete rmine whether the pinch­

out or truncation is due to erosion or a depositional facies change. 

The thin-bed resolving power of the CDP seismic-reflection technique is 

dependent upon the dominant frequency of the recorded reflection wavelet 

(Witless, 1973). Increasing the domina nt fr equency of recorded reflection signal 

involves: (1) generating a high-frequ ency source pulse , (2) sensing the signal 

with receivers with hi gh voltage output, low noise, and flat frequency response, (3 ) 

recording the signa l di gita lly on a seismograph with a la rge instantaneous 

dynamic range and electroni ca ll y qui et a na log filter a nd gain capabilities, and (4 ) 

optimizing the spread in le rv a l a nd receiver spa cing for the target of interest 

(Knapp and Steeples, 1986). Criteria for resolving converging thin-bed sequences 

relies on observations of interfe rence as evidenced by distortion of reflection 

waveform s (Ricker, 1953 ). 

Practical resolution limits a re depend ent not only on recorded refl ection 

frequencies but also on wa velet characte ri s tics and noi se . Zero phase wavelets 

possess the highest re solving potenti a l (Knapp, 1990). A known theoretical 

wavelet can be phase-filtered to zero phase . Successful application of 

deconvolution requi re s a s la li s Li call y large n umber of unique re fl ecti on wavele ts 

and data with a large signal-Lo-n oise ralio (Yilma z, 1987). Shallow high-
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resolution reOeclion data se ts rarely have more lh an four to six reflections and 

are notoriously noisy (Steeples and Miller, 1990 ). Practical optimization of 

shallow high-resolution data sets by phase filte ring lo zero phase is generally not 

possible. 

GEOLOGIC SE'rl'C\"G 

The study area is located nea r Ind epend ence, in Montgomery County, 

Kansas (Figure 1). The strata of inte res t in this area are Pennsylvanian in age 

and consist of interbedded limeston es, sha les and sand stones. The Drum 

Limestone was selected as the s tratigraphic inter\'al of interest because it 

contains an isolated oolite body lhat is potentially analogous to oolitic petroleum 

reservoirs in central and western Kansas. The area around Independence was 

selected for study because it is localed at or nea r the depositional slope break 

where thickness and facies changes in the Drum Limestone, as well as overlying 

and underlying units, occur over short distances . 

The goals of the overall proj ect are to determine the geometry of the oolite 

body, determine the relationship be tween the facies and geometry of the Drum 

Limestone and the facies and geometry of und erl .,i ng and overlying units, and to 

determine the rol e of other controlling factors s uch as tectonic effects and sea level 

changes (e.g., Feldman and Fransee n, in preparat ion) . 

FIELD PROCEDURES 

Data for this study were acquired on an EG&G Geometrics 2401 

seismograph. The seismograph amplifies, filters (analog), digitizes the analog 

signal into a 15-bit word, and stores the digital information on magnetic media. 

The selected low-cut filters have a 18 dB/octave roll off from their indicated -3 dB 

point. Production lines were acquired with 100 Hz analog low-cut and 500 Hz 
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analog hi gh-cut filters. The 10:24 samples recorded per trace were at a 1/2 ms 

sampling interval. The dynamic range of the seismograph was more than 

adequate to record hi gh-q uality re fl ection information in the presence of source­

generated and cultural noise at this si Le. 

A series of walkaway-noi se te sts was conducted prior to acquisition of the 

production seism ic lin es . The spectral and tolal energy characteristics of the 

downhole .50-cal. seismic so urce mad e it lhe so urce of choice at this site for this 

geologic target. The receiver array consists of three 40-Hz geophones equally 

spaced over approximately 1 m and centered on each station. The receiver array 

is designed in an attempt to attenuate so me of' the source-generated noise 

(Steeples and Miller, 1990). Analysis of the noise tests a llows acquisition parame­

ters and equipment to be optimized for the site conditions. 

The nominal 12-fold CDP production lines were acquired using an end-on 

source/receiver geometry. Analysis of the walkaway data allowed determination 

of an optimum source-to-nearest-receiver offset of 17 m and source-to-farthest­

receiver offset of 75 m. A lai·ge component of direct and refracted wave energy 

inhibited closer source-lo-receiver offsets. N ear vertically incident recording 

minimizes normal move-out corrections a nd the associated stretch allowing a 

higher frequency, less di s torted 1·efl ection wavelet to be r ecorded (Miller et al. 

1990). The target re fl ector is approximately 75 m deep which is within the 

optimum recording offset as evide nced by the walk.a way-noise tests and general 

rules of thumb (Knapp and Steeples, 1986). 

DATA PROCESSING 

The CDP data were processed at the Kansas Geological Survey (KGS) using 

a proprietary set of algorithms deve loped by the KGS (Eavesdropper) . Extreme 

care was used during the ed iting process to ensure removal of all non-seismic 
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energy that could eith er be mi sinterpreted as re fl ections on stacked data or that 

hampered interpretations of real refl ection eve nts . Velocity analysis incorporated 

iterative constant velocity slacking with detail ed 1/5 wa velength surface­

consistent statics to improve bolh accuracy of velocity corrections and time/depth 

conversion on interpre ted cross sections. Th e main di stinctions between the 

sha llow hi gh-resoluti on process ing fl ow used on thi s da ta a nd mos t routine 

petroleum sequ ences relate lo consc rva li ve use and a pplica tion of correlation 

statics, precision required during velocity and spectra l analysis, extra care 

during muting opera ti ons, a nd la ck of deco nvol ulion . 

RESULTS 

Unequivocal identification of refl ection energy on field fil es is 

essential for accurate inte rpre-ta tion of CDP stacked sections . All raw fi eld files 

have at least one confidently id entifi a bl e re fl ection event. Digital filtering and 

trace balancing grea tl y enha nced the signa l-lo-noise of the raw fi eld fil es . The 

Dennis Limestone refl ection is interp re ted a l approxima tely 60 ms (Figure 2). A 

shallower reflection event a t 35 m s is also evident on the filtered field file. The 

dominant frequency of r efl ecti on energy ranges from 150 to over 250 Hz. 

Reflection events interpre ted on fi eld fil es s trongly support coherent events on the 

CDP stacked data . 

Differentiation of refl ecti on energy f'ro rn seismic noi se on field fil es is 

essential for confident and consis tent interpreta tions on stacked seismic sections . 

Refraction arrivals, present a s the fir st brea ks (fir s t source-gen era t ed energy 

recorded) on sei smogra ms, we re meti cul ous ly r emoved with individual r elatively 

severe first-arrival m utes. Low veloci ty, low frequency linear a rrivals, identifi ed 

on field fil es a s ground roll , we re easil y attenuated with the digi t al filter. Air­

coupled wa ve a rri vals we re outsid e the optim urn reco rding wind ow and presented 
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no problems. The effects of cohcrenL noi se from electrical sources (pipelines and 

power lines) arc obvious on (iles from Lhe norLh end of the seismic profile. The 

dominant 180-Hz componenL of' Lhe noi se hampered the optimization of the digital 

filter. The overall quality and the resolving power of the seismic-reflection 

method can be maxi mi zed when al I forms of non-reflection energy are not 

recorded or can be suppressed during di g ital processing. 

The 12-fold CDP slacked section has several high-quality, high-frequency 

reflecting events (Figure 4). An uphole velocity survey at this site combined with 

the core from the borehole allows confident identification of reflecting events. The 

reflection at approximately 40 ms is a sandstone unit at approximately 50 m of 

depth. The high amplitude event al 60 ms is the Dennis Limestone unit. Between 

the Dennis and the reflection at 70 ms, which is the Mound Valley Limestone, is 

an interbedded shale and sandstone. Beneath the Mound Valley Limestone are 

Pennsylvanian cyclic sequences of predominantly limestones and shales. 

The concave bottom defined by the Dennis Limestone reflection converges 

and becomes asymptotic on the norlh end of the seismic line to the Mound Valley 

Limestone. The sandstone reflection al 40 to 45 ms was deposited after the 

formation of the Dennis Limestone concavity. The variability in apparent depth of 

the sandstone reflector is likely related to post-depositional erosion. The apparent 

thinning of the interval between the Dennis Limestone and the Mound Valley 

Limestone is associated wilh a decrease in Lhe Lhickness of the interbedded shale 

separating the two limestones (mos Uy Galesburg Shale ). The Galesburg Shale is 

in excess of 14 m thick al the sou Lh encl tapering to less than 6 m at the north end 

of the seismic line. Apparent structural features beneath the Mound Valley 

Limestone are related to depositional irregularities and/or erosion. 

The mixed phase source wavelet of the downhole .50-cal. rifle could not be 

removed with standard deconvolution operators; therefore, consideration must be 
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given for the non-zero phase reflecLion waveleLs when making stratigraphic 

determinations. Tuning of the Denni s and Mound Val Icy Limes Lone reflection 

wavelets can be observed bcLween CDPs 4 20 a nd 480. The frequency and 

sharpness of the re fl ection tuning increases from CDP 480 to maximum 

correlation between CDPs 446 and 420. 

Dominant rc fl ccLion frequencie s on Lhe slacked scclion are gene ra ll y in 

excess of 180 Hz. WiLh average vclociLi es on Lhc order of 2000 m/s between 50 and 

80 ms at CDP 490, the maximum LheoreLica l bed resoluLion of this survey (in 

accordance with the 1/4 wavelength criLei·ia of Widess, 1973) should be 

approximately 2 to 3 m . A rc0 cc ti on time sepa ration of 2.8 ms represents 1/4 

wavelength for data collected on Lhis survey. Evidence exists to confidently 

suggest the presence of the pinching interbedd ed unit at CDP 492 with a time 

separation of 1.25 ms (1.25 m) and possibly as far as CDP 487 with a time 

separation of approximately 0.75 ms (0.75 m). 

CONCLUSIONS 

The CDP seismic-refleclion Lechniquc has the potential vertical resolution 

necessary to image stratigraphi c feaLurcs as Lhin as 1 m at a depth of around 70 m 

at a site near Independ ence, Kansas . Th e predicted theoretical resolution at this 

site, according to the 1/4 wavelength criteria, is on the order of 2 to 3 m . Practical 

resolution limits at Lhi s site cou ld be as small as 1/8 wavelenglh on high signal-to­

noise and broad-band data using a qualiLa tive analysis of wavelet interference. 

Vertical thinning in excess of 8 m can be observed on the CDP stacked section 

across a horizontal dista nce of less Lhan 70 m. Seismic reflection can be utilized 

at this site to accurately pl ace slra tigraphic core drilling holes for determining 

depositional environmcnls and geologic processes re sponsible for the present 

geologic seLting. 
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FIG. 1 

FIG. 2 

FIG . 3 

FIGURE CAPTIONS 

Loca tion m a p of stud y a rea near Independence, Kansas . 

Two different dig ita lly fil lercd and sca led fi eld fil es. 

Vc1riab le ,H<:<1 p lo t of Ll w 12-fu ld Cl) J> s lacked sec ti on . The pinch-out 

can be observed a l app roxi m a tely C DP 5 10. This sec tion plotted with 

few er traces /inch, and w iggles allow bed resolution as thin as 1.5 m . 
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