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Dear Sir: 
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Exploration Report No. 41 

Re: Prediction of Effective 
Porosity in Some Marine 
Oolite Deposits 

Ref: Base Map M-24 

A mapping technique useful for prediction of the most permeable oolite 
facies in some marine oolite reservoirs is submitted herein. Data upon 
which the technique is based was collected during a study (Project LD-
65-3) of the Meramecian strata of southwestern Kansas. No specific 
recommendation is being considered at this time. The following 
discussion and exhibits are presented as reference with informational 
data that may be useful in other areas of oolite reservoir exploration. 

CONCLUSIONS 

1. Shoal oolites form the reservoirs of the Pleasant Prairie Field in 
Finney County, Kansas, which has produced 10,000,000 BO with 
ultimate estimated reserves of 30,000,000 BO. In addition, 14 
other pools produce from these strata in southwestern Kansas, with 
total estimated reserves of 21,000,000 BO. 

2. Facies distribution controls the distribution of effective 
porosity throughout the Pleasant Prairie Field. 

3. The most permeable facies of the Pleasant Prairie Field is oolith­
skeletal lime grainstone. Although neither the coarsest (skeletal­
oolith lime packstone) nor the best size-sorted (oolith lime 
grainstone), the oolith-skeletal lime grainstone is the cleanest 
(most lime mud free) facies and is characterized by the highest 
primary intergranular porosity. 

4. Facies analysis indicates direction of better permeability and, to 
a limited extent, distance from the optimum facies. 

5. Oolites of the Pleasant Prairie Field correspond closely to 
Bahamian shoal oolites and are believed to be generally 
representative of other oolite areas within the St. Louis formation 
of southwestern Kansas. 

6. The mapping technique is believed to be generally applicable to the 
oolites of the st. Louis formation of southwestern Kansas and 
should be applicable in many other areas where Pan American is 
exploring for shoal oolite reservoirs. 

7. Uses of this mapping technique include extension of established 
trends into areas of sparse control, the establishment of new 
trends in areas of sparse control, and determination of direction 
of the shoal facies from a single bore hole. The last-mentioned 
usage is dependent upon knowledge of the general direction in which 
transgression (or regression) proceeded in an area. 

8. Once a model is established for an area, the technique may be 
utilized by visual estimation of per cent oolitically-coated 
grains, per cent lime mud matrix, grain size (elasticity index of 
Table 1, Enclosure 2), roundness, and sorting. 
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INTRODUCTION 

Oklahoma City, Okla. 

Facies analysis is believed to be a directional indicator and, to a 
limited extent, a distance (relative, not absolute) indicator in 
exploration for permeability in marine oolitic shoal deposits. A 
detailed grain count of the productive oolite zones in the st. Louis 
resulted in 5 principal facies identification parameters: (1) The per 
cent of oolitically coated grains within a correlative zone increases 
from the foreshoal to the backshoal facies, (2) The relative grain size 
decreases from foreshoal to backshoal facies, (3) The relative grain 
roundness increases from foreshoal to backshoal facies, (4) The 
relative grain sorting increases from foreshoal to backshoal facies, 
(5) The per cent lime mud increases in both directions from shoal axes. 

A method of predicting effective porosity in some marine oolite 
deposits with limited control is presented below. Discussion of both 
the theoretical basis and the factual basis for the technique is 
followed by considerations of application, limitations, and a summary 
of the procedure. 

THEORETICAL ASPECTS OF MARINE OOID FORMATION 

Studies of recent marine ooids (e.g., Newell and others, 1960) indicate 
general agreement that: (1) a physio-chemical gradient to create the 
condition of supersaturation with respect to CaCO3; (2) a source of 
grains necessary as nuclei; (3)current intensity sufficient to 
transport the grains along the bottom into, or to winnow grains from 
lime mud within, the area of supersaturation; and (4) turbulence to 
lift the grains off the bottom into supersaturated waters, are 
conditions needed for marine ooid formation. An optimum combination of 
these conditions occurs within intertidal zones of shallow warm seas 
over shoals that are markedly steeper on their seaward side. 

Carozzi (1960) reported that the geometrical properties of oolitic 
deposits may be explained in a simplified manner by considering the 
interference of two main factors, current and turbulence intensities. 
Where current energy exceeds greatly that resulting from local 
agitation, only the smallest grains transported into the environment 
may be picked up and coated. If current and turbulence intensities are 
nearly equal, only the largest grains will remain uncoated. Where 
local agitation exceeds current intensity, the resulting deposit is 
entirely oolitic. 

Assuming the theory outlined by Carozzi is valid, and knowing that 
current energy diminishes landward from the outer limit of the 
intertidal zone whereas local agitation diminishes in both directions 
from shoal axes, facies transverse to the long axes of shoal ooid 
deposits should be developed systematically. Grain size decrease from 
seaward to landward of such shoals should be expected in cases where 
the source of ooid nuclei is the zone of optimum invertebrate growth, 
seaward from the shoal area. Other expected seaward to landward 
changes would be grain roundness increase and degree of sorting 
increase. Per cent of oolitically-coated grains should increase from 

mud 
Such 

the seaward to the landward edge of the shoal area, whereas lime 
content should increase in both directions from the shoal area. 
changes in characters of facies are developed across the short 
dimensions of both the ancient and recent examples of shoal ooid 
deposits described below. In the example from the ancient record, 
these facies control the effective porosity. Similar facies changes 
should be expected in many areas of marine oolite reservoirs. 

EXAMPLES OF MISSISSIPPIAN OOLITE RESERVOIR ROCKS 
PLEASANT PRAIRIE FIELD, FINNEY COUNTY, KANSAS, AND A 

RECENT DEPOSIT, SOUTH CAT CAY-BROWN'S CAY AREA. BAHAMAS 

This report is an outgrowth of a project study (LD-65-3) of the 
southwestern Kansas Meramecian section. Mississippian oil production 
is largely from oolite reservoirs within the St. Louis formation. The 
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Pleasant Prairie Field (Enclosure 1) is the best field in the area and 
may produce ultimately as much as 30,000,000 barrels of oil. Because 
of this and because of dense control, this field was selected for 
detailed study. Aspects of the geology of the Pleasant Prairie Field 
and immediate vicinity that are pertinent to this discussion are 
exhibited on Enclosures 1 and 2. Reservoir limitations (Enclosure 2), 
determined by study of six st. Louis "D" zone core analyses and ten st. 
Louis "C" zone core analyses, indicate that the optimum porosity and 
permeability are associated with the shoal facies as illustrated. in 
the case of the Pleasant Prairie Field, the trap is draped over a 
structural nose. 

Within this area, Meramecian (St. Louis) ooids were deposited under 
marine conditions as evidenced by the character of the ooid nuclei and 
by gradation, both vertically and laterally, of the oolitic zones into 
other definitely marine deposits. About 62 per cent of the ooid nuclei 
counted (Table 1, Enclosure 2) were derived from skeletons of marine 
invertebrates, and some of the nuclei in the unidentified category were 
likely of a similar origin. 

The South cat Cay-Brown's cay Area, Bahamas, is illustrated for 
comparative purposes on Enclosure 1. Data about this area of recent 
ooid formation is taken from Newell and others (1960) and Purdy (1963). 
Facies characteristics including grain size, sorting, roundness, and 
per cent uncoated versus oolitically-coated grains are associated 
spatially in much the same manner as in the ancient example described 
herein. 

USES 

Fully and partially tested uses of the mapping technique include 
extension of established trends into areas of sparse control (Examples 
lA, lB and lC of Enclosure 3) establishment of trends in areas of 
sparse control (Example 2, Enclosure 3), and determination of direction 
to move from a single borehole (Examples 3A and 3B, Enclosure 3). 
These uses indicate direction of the shoal facies. Relative distance 
from the shoal facies is indicated by relative grain size and relative 
per cent oolitically-coated grains. 

EXTENSION OF AN ESTABLISHED TREND 
INTO AREAS OF SPARSE CONTROL 

Once established that the facies associated with an oolitic deposit are 
developed more or less parallel to the long aces of such deposits in an 
area and that permeability is controlled by facies, different facies in 
two wells may delineate a trend extension through the localities of 
these wells. Three examples are given on Enclosure 3. 

Facies in two tight wells, X and Y, for example, skeletal lime 
packstone and eolith lime grainstone indicate an oolitic and more 
permeable facies between (lA). The directions of the optimum facies 
are determined. Grain size decrease from foreshoal areas toward shoal 
axes and from the latter toward backshoal areas gives an approximation 
of distance from the shoal facies. For example, smaller ooids form in 
the landward marginal parts of shoals than nearer shoal axes (see 
Reconstructed Section on Enclosure 1). 1J Distribution of the oolitic 
facies may be extended through an area similar to that in the 
established trend. 

If the same facies is in two tight wells, X and Y, only one facies 
trend extension is established (lB). Only one direction of the shoal 

1/ The facies referred to is that labeled backshoal and colored yellow 
on the Enclosures. For the purposes of emphasis, simplicity, and 
elimination of burdensome repetition of rock type terminology (from 
Dunham, 1962) that may not yet be familiar to all, the discussion and 
Enclosures are restricted to the three productive facies, which are 
termed foreshoal, shoal, and backshoal. Therefore, sediment deposited 
in the landward marginal parts of the area of shoaling is herein 
referred to as the backshoal facies. 
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facies is indicated. A guess as to the distance of the more permeable 
facies must be based upon the size of oolite leases characteristic of 
an area. since there is generally a significant range in size of 
oolite lenses within an area, the extended facies distribution shown by 
Case lB may be overly optimistic. Examples lA and lB are hypothetical 
as regards the area shown, but are known to exist in other parts of 
southwestern Kansas within the St. Louis formation. 

Example lC is based on the porous development of the st. Louis "C" zone 
in wells X and Y and the tight development in a cored well z. The C 
zone tested considerable water with good oil shows in the two porous 
cases, X and Y, and is tight in the cored well z. Sample examination 
may not be necessary in wells X and Y. Since porosity and permeability 
have been well established by testing, it can be assumed therefore the 
the optimum facies has been located and its limits more nearly 
established by well z. 

ESTABLISHMENT OF TRENDS IN AREAS OF SPARSE CONTROL 

Initially, only the rough orders of magnitude of productive oolite 
lenses in an area are known. Rock types in five tight wells, A, B, C, 
D and E, are determined by thin section study. The map shown as 
Example 2, Enclosure 3, has been prepared with the rock type 
distribution plotted and the anticipated area of the most permeable 
facies outlined. This example is hypothetical, but insofar as testing 
has progressed, it is substantiated by some areas of the st. Louis 
formation of southwestern Kansas. 

DIRECTION TO MOVE FROM A SINGLE WELL 

If the direction of transgression or regression of the sea during an 
increment of geologic time in an area is known, the direction of a more 
permeable facies from a tight facies may be predicted. The needed 
information may be obtained by comparing the rock type correlative with 
and adjacent laterally to the productive oolite facies with the rock 
type either immediately above or immediately below the oolite 
(Enclosure 2, lower right). During transgression, a facies seaward 
from a shoal deposit of ooids would be shifted landward and be 
deposited above the oolitic deposit. During regression a reverse 
disposition of the seaward facies in vertical profile would develop. 
The facies landward from the shoal would be developed below and above 
the oolitic deposit during transgression and regression, respectively. 

Enclosure 2 shows that for the Pleasant Prairie Field area, and the 
area four miles north, transgression caused the cessation of ooid 
formation and proceeded toward the east-northeast. Whether this 
condition of transgression prevailed throughout southwestern Kansas 
during deposition of the st. Louis "C" and "B" zones has not been 
completely tested. However, study thus far indicates that post-"C" 
zone and post-"B" zone transgressions did proceed toward the east­
northeast as regards the larger areas of ooid deposition in the eastern 
half of the project study area. Examples 3A and 3B, Enclosure 3, are 
hypothetical and show how direction of the optimum facies is predicted 
from knowledge of the rock type developed in a single well and 
knowledge of transgression (or regression) direction. 

LIMITATIONS 

Limitations upon use of the mapping technique described above are 
enumerated below. 

1. Density of control and quality of samples must be sufficient to 
establish detailed correlations. 

2. Foreshoal and backshoal facies merge near the axial termini of 
oolite shoals. Consequently, if a single well penetrates a tight 
facies near the axial terminus of a shoal, better permeability will 
not be encountered in either direction. 
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3. This mapping technique is applicable only to cases where sites of 
ooid formation correspond essentially to sites of oolite 
preservation, for example, shoal areas of ooid deposition. 
Reworked (transported away form depositional site) oolitic deposits 
may indeed by systematically developed, but more mixing of sediment 
types and less sharp facies limits will result. Therefore, 
transported oolite will not only be harder to delimit but also be 
generally poorer reservoirs than shoal oolites. 

4. Only in cases where the type of porosity explored for is 
exclusively, or in larger part, primary intergranular will this 
technique be generally successful. Where some types of secondary 
porosity, for example, oolicastic or preferential leaching of 
particular skeletal grain types, are targets, a lesser measure of 
success may be expected. 

5. the mapping technique described above is not good for finding 
smaller shoal oolites. If opposite directions of the shoal facies 
are indicated by facies analysis of two wells six miles apart, 
these wells could be on opposite sides of two small shoal areas 
rather than one larger shoal area. 

6. If the only control is within the distant foreshoal (skeletal lime 
wackestone to mudstone) and the distant backshoal (quartzose 
pelletal lime packstone) facies (Enclosure 1), there may not be an 
intermediate shoal facies developed. 

SUMMARY OF PROCEDURE 

The procedure is summarized in numerical sequence below. It is 
presupposed that marine oolite is an important reservoir target in the 
area being studied. 

1. Establish electric log correlations. 

2. Establish rock sequence and check correlations by study of 
available cores, core chips, and cuttings. 

3. Have thin sections made to determine if facies are systematically 
distributed. 

4. Make grain counts to establish critical facies parameters. 

5. Study available core analysis and establish that there is facies 
control of effective porosity. If such analyses are not available, 
production history of wells producing form the various facies 
should give a strong indication. 

6. Map facies and extend established trends into areas of sparse 
control. 

7. Establish trends in areas of sparse control. 

8. Use the rock sequence developed in two wells in which different 
facies exist to determine the direction of transgression or 
regression in an area. 

9. If step 8 is successful, an indication of which direction to move 
from a single well to improve chance of effective porosity is 
obtained. 

Yours very truly, 

S. M. Ball 

SMBS:mls 
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Explor~tion Report Xo. ~l 

Re: Prediction of ~ffcctive Po~osity 
in Some Marine Oolitc Dc~osits 

Rei: B:ise ~.lap :.I-24 

. A o~ppin~ technique useful for ·prediction of the raost pcrueable oolitc facies 
in some rr.arine oolite reservoirs is :>Ubmtttcd herein. t;:.ta upon which the 
techniqu"· :..:; b:iscd was collected durin:! a study (Project LD-65-3) of the 
?Jerair.ecian stra~~ of southwestern K:i.nsas. No spcciiic recor.J,1end.ltion is being 

• considered at this time. The followinf; discussion and.exhibits arc presented 
iis refere~1cc with inform:.tional data that u.ay be . useful in other areas of 
oolite reservoir .exploration. 

: -~ t ': • ..... • ·~ 

':✓ _, *. COXCLUSio:-.s . :,i<'. ;/ ;:-~i} ' ' 
: l. S)loal ooli tes :form the rcservoi rs of the 'Pleasant Prairie Field 1'n Finney _· /\. 

. ,:., .. . , . County, Kansas, which has produc~d 10,000,000 EO with ultimr.tc cs~in:ated -: ' ,:f.,. 
• · '•:~ •::.· .. ·.,('::,./,:- reserves of 30,000,000 BO. In addit:i.on,l~ other pools produce :lrom 

•• • these st~ata in southwestern Kansas, with total estimated r~scrvcs of 
21,000,000 BO. 

2. Facies distribution controls the distribution of effective porosity 
throu~hout the !'>lcasant ·Prairie Field. 

3. ':il.c most pcrr..eable facics of the Pleasant Pr;i.iric Field is oolith-s!,cletal 
li~e grainstcne. Although neither the coarsest (~kelctal-oolith limo 
packstone) nor the best size-sorted (oolith lime ~rainstono), the oolith­
skeletal lime ~rainstone is the cleanest (~ost lime mud free) facies and 
is characterized oy the hibhcst primary intcr;ranular porosity . 

.;. Facics analysis indicates car\!ction of better pe1·mcabili-:y and, to a limited 
extent, uistance from the opti~um facies. 

5. Oolitcs of the Pleasant Prairie Field correspond closely to Bahamian sho:i.l 
oolites and arc~clicved to be generally r~presentative of other oolite 
areas within the St. Louis formation of southwestern Kansas. 

6. The ~apping technique is believed to be generally applicable to the oolitcs 
o! the St. Louis form~tion of southwestern Kansas and should be applicable 
in many other areas where Pan American is exploring :for shoal oolite rcser­
voii•s. 

7. Uses of this rnappi~~ technique include c~tcnsion of est~blishcd trcuds 
into ~rcas of sµ~rse control, the cstabl~shmc~t of new trends in crc~s 
cf S?~rse coctrcl, and dc:errnination oi direction of the shoal i~cics from 
a si:-,~lc bore hole. The last-r.wntio:-.ed usaf;c is d0pc:1dc:.t upo:1 !rnowlcJ~c 
of tho ~cncral direction ir. which trar.s~r~ssion (or i-c~re~sion) proceeded 
in an ar(:a. 
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s. Cnce a 1.1odcl is c!itabli:;hcd fo:· ar, :i;-ca, the tccl,r:.iq:.:c ::i~y be ulilizcd 
by visual estimation oi per ce1,t ooli tically-co:ltL·~ ;:l·ains, per cent 
lir.ie r.!u.:l r.,atrix, r,rain size {elasticity index 01 'f:::.blc 1, inclosurc 2), 
roundness, and sortin:. 

~ac1cs analysis is believed to be a directional indicator ~nd, to a licit~d 
cxtcat, a dist:..~: c {rcl;1~ive, not u~sol~tc:) intlicai:0r in C:):p:lor~ticn fa.· 
pc:.·r:.~ability 11 • . ·.~ .• ·inc oolitic shoal deposit:;. A. dct::.iled i;rain co;,.:;1t of tbe 
µro..i\..ctive oolite zones in the s;;. Louis 1·esulted in 5 p~·ir:ci:,::i.l facies idcn­
tificatio.1 paracetcrs: (l) Tho r,e1· cent of oolitical!y coated ~rains ,·titl,in 
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a correlative zo.1e incrc~ses from the fore.shoal to the backGhoal facics, (2) Tho 
relative crain size decreasas tram fore&hoal to backshoal facies, {3) The ~elativ~ 
:;:-ai·n roundness inc1·eases from io.reshoal to back;:;hoal facies, {4) The rc:la~ive 
c:-ain sor'tin~ incre::.scs from foresho:..l to b~cl~sho:il facies, \5) The per cent 
lime mud increases in both directions from shoal axes. 

A r,u~thod of predictin~ effective porosity in some marine oolite deposits with 
liTilited control is p .. ·esentcd below. Discussion of both the theoretical basis 
and the factual basis for the technique is followed by considerations of appli­
cation, limitations, and a summary of the procedure. 

• Tr::::ORETICAL ASP~CTS OF }.~JUNE OOID F0:-1'.tATION 

Studies of recent marine ooids (e.g., Newell and others, lStO) indicate 
~cneral a~recmc~t that: (1) a physio-chemical ~radient to cre~te the condition 
of supersatur.ltion with respect to CaCOJi (2) a source of crrains necessary as 
riuclei; (3) current intensity sufficient to transpor: th~ grains along the . 

• bottom into, or to winnow zrains from limo mi.:d within, the ::.1.·ea. o! supcrsatura-
. tioni &nd (4) turbulence to liit the Grains off the bottom into supersaturated 

waters, arc conditions needed for marine ooid formation. An o~timum combination 
of these conditions occ~rs within intertidal zones of shallow warm seas over . 
shoals that .ire r.,arkedly steeper on their seaward sice. 

Caroz~i (1960) reported that the ~eo~etrical properties of oolitic deposits 
~ay be explained in a sim,lified manner by considerin: the interference of two 
m~in factors, current and turbulence intensities. ~here current cnerry exceeds 
c:■e:i.tly that resul tine frora local aJi tation, only the s~llest grains t1·::ns­
porte~ into thu environm~n~ ffi;1y ~e picked u, a~d coated. If current and 
turbulcccc intcr.sitics arc nearly e~u~l, only the l&~gcst ~rains will remain 
unccatcd. Where local agi~ation exceeds current intensity, the resultinG deposit 
is entirely oolitic. 

Assumin~ the theory outlined by Caroz~i is valid, and knowin: that current 
energy din:inishcs lanc.lward fron the outer li,.li t o:f 'the intertidal · zone whereas 
local a~itation c.liraicis!1es in botl1 directions irorn shoal axes, facics trans­
~crse to the lon: axes of ~hoal · ooi~ dc1>osits s~ould be developed systernatically. 
G1·:li:1 siz~ <!ecrease :fror,'l seaward .:o la:1.clwa:,,·~ of suc!1 s:~oals should be CXj)ectcd 
in cases whcr~ the source of ooid nuclei is the zone of optimum invertebrr.te 
i;rowth, seaward iron t:1c sho .. l a~·ca. Othol· expoctccJ scawarcJ to la:1clward chan~cs 
w~uld be c=■:!in rou:,dness increase a:1d dc~~·cc oI sortin~ i~c~·c;ise. P.::r cc:-,l; oi 
c.-;:i tically-co:!-.:cc.! ~:-::.i,1s should incrcr.!>e f:;.•01., the scaw:irti to the lar.dwJ.nl 
.:.-C:~e of t?-.e shc::.l ... ·ca, ,·1i1cre;:s li.,~e ;:.uc.! con:c-:1t sho..:lc! inc:·c;1sc in both directions 
~i•u:;. the ~to;1l .:.rca. Such cl,a:~:;:es in char~ctcn; oi f~cic-:; ::.re cle\'clo;> e:J .icross 
tho sh~rt di~cnsio~s of both the ancient ::.~d recent cxac:plcs oi sho~l ooid 
cle::;osits ce:scr-:bcC.: b~low. Ia thu cx~:::;>lu :.'.'~·or:-, the ~:1cic1,t ,·cconl, tiles-.! facics 
cc~trol th~ e:fiactive ?O~osity. Si~ilar i::.cics chan~cs ~houlJ be exp~ctci~ in 
~~~J are~~ 0: raarino oolitc reservoirs. 
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oclitc rcsc:rvoi:i.•s w~t;.ia the St. Louis fol·,~~tioa. .-;1c 1Jl..::is:int P1·airi~ i"iclc! 
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(:::nclvsur~ 1) is the l>~st iiclu in the :1.:·c:a a.1c.J 1,,:.iy JJ1·ocJucc, ul t.im~icly :-.:; 
r.:uch as 30,000,000 b:i_rrcls of oil. ~:.:<..::.use o::: thi!:i and l;cc:11.:!.ic of cll:,l!~~ 

co;i;;rol, this :field was selected for Jet:-.ilcd st..:cly, .~.Si"Jcct~; of thi..! i~cclr<;Y " 
• o! t!1-.! r,:.:::..s:11.t !?r~iric 1:-iclc.l and ir.Hr;~di~te: ·1icir,i-::~, tl1:!t .ire j~-.;.•.:i,H.11-;-: i.J.) 

this cisc,1ssion. .:.1·c cxhibit0d on ~nclo:a,!"c:.; l o.nd 2, f!~;-;._•1·voir iir:1it:.:.tiq,:::; 
(!::1closure 2), dctcr:-:iine:d by stur.y of s1x St, Louis "c" .~.;nc core ::.no.!y:.;c:~ 
:::.:1d t .... :1 S~. Louis "c" zo.nc core ;..~alyscs, indic~tc t!1:it t)1c optir:,u;;: !:,o~·o~-;ity 
:u~cl ;,c1·rr.co.bility ;in.? ::.ssoci::.tcc.l v,::..th ti1c .:;l~oal facic!.i ::.s illustrated, I:-; 
t!:c c;isc of the ! 1lcas~:1;; Prai1·ie Ficlti, \.he t1·ap is 1.frapc:c.J o·,er a st,·uctu1·:il 
~OS4J. 

Within this area, ~~r:..mcci:..n (St. Louis) coids were dc,csitcd under n::.ri~c 
condi tioas as. evidcnccu by the charactc~· of the ooid r.uclci :!n~ by GraC;;.tion, 
both V\}1·tically and l:..tcrally, cf the _coli tic zoi:cs into o·.:her dofini tcly. 
r.,arine deposits. About 62 per cent of the ooid nucl(:i count<:d (Taal(: l, 
Er.closure 2) were dcri vcd from skclotons o: r:.arine invcrtcbr:!tcs, :lnd so:r.e 
of .:he nuclei in the u:1identi~icd catc(;o.y were likely o:f a similar ori~in. 

The South ·cat Cay-3rown's Cay Are::., D.'.lha:-::as, is illustrated for comparative 
purposes on Enclosure 1, Dcta .>.bout this area of rcccn.: ooiri fo.oa-::ion is 
t::.ker. fro~ Newell and others (l9GO) und ?urdy (196~). Facics ch.iracteristics 
i~cludin: grcin size, so~ting, roundaess, ~nd per cent uncoated ve~sus 
oolitically-coa~ed grains ar~ associated spatially in ~uch the _same oanncr 
as in the ancient examplo described herein. 

USES 
r.: 

.; FUll:, and partially tested uses of the mappi:1g technic;uc incluC.:c cxtensioa ··.• 
of established trcncZs into areas of sr,arsc control (Examples lA, 1B and lC • ➔: - :·~; •• • 

. • of Enclosure 3), estaolishmcnt of trcnci.:i in ci.·cas of sp:u·sc control (Exa:r.;)le 2, 
· Enclosure 3), r.nd deter,.,in~tion of directio:1 t-o r,1ovo iro:n a sinc;le bore hol.a 

(E>:amples 3A nnd 3B, E:1closurc 3). These uses indicate c!ircctiori o! the 
shoal !acics. • r, . .- ~-~ivc dist:rnce f'::-o:n the sho::.l :!::.cics is indicated by relative 
cr~in size and rc:ative per cent oolitic~lly-coated crcins. 

EXTZ:-:SION 0~ A~ ESTA!3!..ISH2!) TltE~D 
IN'fO AHEAS 0:-' sr>;..Hs~ CC>.""1'i1OL 

Oace established that the facies associ:itcd with ar. oolitic deposit arc 
developed more or less parallel to the lo~; -axcs of such de~osits in an 
area and ~hat pcrneability is controlled by facics, different facics in twci 
wells may delineate a treed extension throu~h the localities of tnesc wells. 
Thrc:e examples arc give:n on :Zr.closure: 3, 

Facics in two ti~ht wells, X ::.nd Y, for example, skclct~l lime packstone a~d 
eolith lirae ~r.:i.instcnc indicate an oolitic :i:-,c! ..-.or~ pcrr..eablc facics between 
(lA). The c!ircctions oi tho op;irnur.1 f~cics arc Jctcr:::ined. G1•ain size 
decrease from forcshoal ~rcas toward shoal ~xcs and f~om the latte: toward · 
b~c~sho~l areas civcs aa approximation of distance from the shoal facics. 
F~r cxacplc, sm3llcr oo~~s form in the l3r.Jward rn~rci~nl parts of sho~ls th3n 
nearer shoal :i.xcs {s<.:c :!cco:1str1..ctcd Sc:ctio.1 on Enclo::;ure l) ,.!./ Distribution 
o: the colitic i.:cics ~ay he cxtc~dcd tllrough an ar~a sirailar to that in the 
c:sta'blisheu i;;rencl. 

I! t:-,e s~;;,~ f:..cic:s is in two ticht wells, X ~r.d Y, only 0:-10 iac:ics trc:.d 
~x:cnsion is est&blishcd (lE). Only one direction cf chc sho~l iacics is 
icuic~tcd. A ~ucss cs to t!1c di::;tancc of the ~ore pcrraeablc iacies raus~ 

-
1/ T::c f:.cics r<..:fc:1·r<.-cl to is thal l:.oe:lcl! t;~C:,:-;Jw:11 :.:HI colo,·cO:.: y,!lll;·:.- 0;1 U:c 

l:::-.clcsi.::·t.?s. Fe~ :i1u !)Urposcs o:" C:-:\;h:isi.s, si;.~plic~·.:.y, :.;~d cli:-.iin:t"'i~>-"t of 
bunl.::~sor.:c: re,H.:~i .. ::.0:, oI :·cc:.; lY!h.! tcrr.:i:-.olo~y (:ro,:1 :)J;::,ai:1, l!:lli:.!) ~h:1;: r.::iy 
::ot yet be f::.1r.ili.:r to a~l, t:1c t:isc1..ssio.1 :i ::J ,·'..,-.:lo.;;-...1·..:s ::..rl.! rc;;t.·1.ctc..i 
-;..;, t!lc: thr...-c :,~·v~ucti •1c fac;i c~, 1•:hich :ire tcrr.:ct! foi·cs::o:.!., i;iw::l, :u·.,: u.-.c!,­
s:1<.:.::..!. •r;H.:!·<..:fo,·c, ::.<.:t!i:::t·1,t dc:ic:.sii.ctl in tl:c L:u~c!l'.':irtl r:.:11·.:;in:il p:11·ts oi i:1c 

ure:a ot s!1valir,~ is hcrci1, rcfcrr.::u to as .. !:c b:ici,~!:o:.l i:1c1.c:.., 
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be b:iscu upo11 th.) size of oolit.o lc:1scs cho.,·o.cici•i:;tic of ~n o..:-c:t. S.ine;c 
there is ~cncr:.lly a ~i~nific~nt ran~e i~ ~izc or oolitc lc~:;cs within :.n arco., .! 

the cxtc~Jcd f;.cics distribution shor:a by Ca:-;c li3 r.:~y be overly 01,ti1.1isiic;. ·., 
Exanillcs lA ::i.ml l n arc ilypothctic:il as rc;;:irds the o.r...-a shown, i.>ut ~n: !:;,own 
to .:?Xist in othc1· parts of sou tr.we;; tern :.:.rns:.s •::i ttin the St. Louis foru1:ition. 

Z::x~::iplc lC is b:i.scd on 1.ilC pc1·ous c.icvelo;;;;-,er.t of the St. Louis "c" zone in 
wells :\ :rnc! Y and the ti.,;!1t dcvclo;,1:!.:?.t in a cored well z.. T~1c C 1/.oi.e tc!citc-ci 
cocsidc~ao:~ w~tor with tood oil shows in "he Lwo porous c~ses, X and¥, and 
is ti;;ht i~ the co .. ·ccl well z. S:.rr.;;:c e;.;r.~ino.tion 1:i:.y not be ;;eccss:i;;-y i,1 wclls 
X :i~d Y. Since po~osity ncd perffic~bility ho.ve b0en well ~~tablishcd by lc~Ling, 
it c~n be ~ss~recd thcr~fore that ttc optim~~ ~o.cics has been located and its 
li~its ·more nc~rly established by well z. 

ESTAl3LISU:.iEl,i' OF TRENDS r~ AaC:\S O? SPAflSE CO?\--:'ROL 

I~itinlly, only the ro~~h orders o! macnitudc of productive_oolitc lenses i.n 
_an .area a;;-e known. Rock types in five ti~ht wells, A, n, c., D ar.d E, arc 
d.:?tcrrained by thin section study. The ~:11> show:-, as E:-:ample 2, Er.closure 3, . 
has been prepared with the roc~ _type distributio:1 plotted and the anticipated · 
:n·ea of the most permeabl3 !acies outlined. This example is hypothetical, 
but insofar as testing has pro~resscd, it is substar.tiated by so~e ~rcas 
of the. St. Louis :!ormation of southwestern !(ans~s. • 

:.,r . , 

D!RCCTIC)l '!'O :.'.OVE .:-nc:.: ;.. sn-:G!...E \'.'ELL 

If the direction of transiression er rc:;~·cssion o: t:1e sea _c!urins- an incrc;ne:.t 

.: . 

. of ceoloi;:ic time ia an area is k:--iown, .tl!~ clil·cction cf a r:ior.:! pe~·r.icable f::i.cies _ . -, •· 
:fror.. a tii;ht 'fac1es ra~y be predicte:ti. '!':~~ needed information may be obtained \~·.-· 
by co~par1n: ~he rock type correlative with ::.nd :idjac0nt l:iter~lly t6 the pro-
ductive oolite :!acics with the roe!~ type ei thcr ir..:.~edh:.·.;cly ::.bova or ir.,mcdiutcly 
bclcw tho oolite (l:.'nclosure 2, lower rir;l~t ). Ourir.g- trar.s:;ression, :i f::.cics 
sc~ward f:-or.i ~ s~o:ll deposit of ooids would be shifted lar.clw~rd anc; be deposited 
~tove the oolitic de~osit. During reGrcssion a ~evcrsc dtsposition o! t~e sea­
ward f:i.c:!...:-s in vc1·ticnl profile would dcvc!op. Ti.c iaci~s l:i.ndwa~·d fro:n the 
shcal would be tlcvclopcd bclcw and above the oolitic deposit during tr:.ns­
~rcssion and re~rcssion, respectively. 

Enclosure 2 shows that fo~ the Pleasant Pr::.iria Field area, ~nti the area four 
miles north, transgression co.used t~e cessation of ooid fo~rn:tion and proceeded 
tcward the e:.st-:orthcast. \~ether this con~ition of tr:.ns~rcssion prcv~ilcd 
throu~hout southwestern l-~ns:.s durir-.~ deposition o:_ the s,. Louis "c" a:1d "n" 
zcnes h~s not been io~plctely tested. However, study thus f~~ indicates 
th2..t post-"C" zone ar:d ·pos-i:-"B" zone: trans~rcssions c!id proceed tcw.:.rd th.:? 
east-northeast as regards the larg~r areas of _ooid deposition in the eastern. 
h::.lf o! the project study area. E:..:::.m;)les 3A and 3!3, Enclosure 3, a1·c hypo­
thet~c~l a~d snow how direction of the optimun facies is predicted !re~ 
knowlc:dge o! ~:"le rock ty_:Je developed in a si.i~lu well and knowlcd~e of tr::m.,­
gression (or recrcssion) direction. 

Limitations upon use of the map?in: technique ~ascribed above =re enumerated 
be:low .. 

l. Dansity of co~:rol a~d qu~lity of samples ~ust be sufficient to est~blis~ 
tle~ail~d corrcla~ions. 

2. ~oreshoal and bac~s~o:il facies ~cr~e ~e:ir th~ ~~ial tc~raini of oolitc 
shoals. Cc~scquc~tly, if o. sin~lo well penctr:.tcs:. tight f:icies ~~~r 
t~c a~io.! t~rQinus of a ·shoal, batter pcr~e~bility will not be cncou~turcJ 
in eithur direction. 
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3. ':his :r.:!p:>ini.{ tcc.:h~:iquc is ~::-t ;>!~c~t.blc c~·.ly to c ~::-;(:!; ·.•!l.c:rc ::; .:. tt: :·; c, .r (,,·i .:.t! . 

for:-.: .. ---.t.:ica · corrcsr,o::.:! C!~sc:1ti~:!y ~o sitc.·s vf ou:it:c ~:, •·t:~;<.::· ·.1 ~~1.10.:, ~·c.. .· ·~! 

c:.;a1~:;,lc, :iho:il :ire~:::; c.r ooit! ,~c,o:.; ~ t:..o;i. :"!~,,·: 1.iA-0 :~,:c.i (~ra;; :,;,1)\·>1·~e:.J ,· .. •;:;:• ✓ :Z ;·r,m ~ 

d~posi ~io1::il ~~i -::c) o ,:-1!. tic c!e: ;·,,.,Ji \.5 :.:;,1 .. ).- i :!t:oc:! lJ\..? sy!>..: (: ~:.:1 L. l. c~~:. ~.._,, ,~,: :" ,:!1 V>"-·;J, 

''"L - ·01·" ... ,.,...;1 · · · o ·· · ··· ·i· · ···1•· • • • • -~-- n •·• , ., . ...... > 1·~ c ' ·--· •; ... , •.. • \'11·• · · ·· ···t ··•·· .. "_ •.• \.: , ........ _ '<~ ... :,;.,, ,, n.c..:~ .. "-Yl1\.! !, ••. -.. '-" ~::..~ .:, . . u.,, ...... '-,:.:., J. .. , u ..... .., • · . • .. ':_•, ... ,. • 

'.":;c•·i.:..:vrc, ·.;~•~ ~1S!)01:'i:~G: oolit-=: \\1:.11 a,... • .... : : .... ,uc~· t<.1 uc: i r.~i~ b~-:.. :11:;o 
~a GC~cr~l:y poorer reservoirs th~~ ~ho~l oolit0~. 

<. Cnly in cas..:s whc~·,1 the ty;>c oi ;>orc.-;i ty <!X:>lo.·cd fv1· :.~; c;,:c.:lt: ~,-~ •✓ 01:: , o.r 
i:1 l::.:·:;c1· !>:.:-t, "j'>ri::.:-.ry i~1tc:-~r:1:lul.::.· ,·1il: --_:jli~ tcc],.;~r:\:~ J:,~ :..•: (;~<.:l•~;.;.;..~, 

sc.:c.:ss!'ul. ';!l~c..-c sc:::;: ~ypcs oi s~c0nC.::.1·y :,oros! i:y, f.:,: c.,:-::.:-:-.;;lc, <,olic~~!;tic 
.or v~~fc~~--!~l lc::.ctinc of p~rtic~!~r sk~lct~l ~~~in~/~~~. ~ru t:..~~uts, 
~ lesser ~~~s~rc ol succc~s ~:.y ~c c~~cctc,. 

5. The r.1::.Vi,in~ t"e:cr.r.iql;C joscri ;led o.bovc is r.vt ~oo(: ::or .::.r,d:;;. :i~~ s:-:i::.ll 2r shoal 
onli~cs. If o~posi~e diroctio~s of ~ho ~hoal :~cics er~ ~~C.:ic~tcd ~y fucic~ 

_·:,;::.s of two wells six miles apart, these wells could be on oppo:;!tc 
.. ;.~..:.:,; oi two sm::.11 shoal a.·c:.s rathc:.· th.:.n one large.· sl~o::.l arc:... 

G. If the only control is within the ~istant tcrcs~oal - (skc:ct::.l lime wackcstone 
· to mudsto:1~) ~nd th<) cb.st:i:·1t b~cl~shc:.l (qu;ir-.:zosc pcllct:ll ::.irr.o packs tone) 
facics (Enclosure l),· thc~c rn=:; 1~ot be .lll int0rmc~i::i.tc sho~l f3.cic~ <.!cvclopcd. 

Tte procedure is su:rw-:-::i.rizc:d in nu;.~eric::i.l sc~ue:~c.::: below. I't is p:.·c.;upposcd 
that .:-.~._•inc oo!i -.:e is an irr.poriant rcsc.·voL.· tai■zct in tbe ::.re ... bein::; stt:llic:d. 

_.:·• .... ·, . ;_- .i_.·· ,. '·. ';._i:., , ... _Est.,,blish electric lo~ correl~tio •• s.· 
'."1 · - : 
. . .. ~ . ; -! 

·2. Establis~ rock sec~ue~cc and chac!< co:.·1·clatic:1s by st\.:dy of av;;.il=blc cores, 
core c!.i ps, ~~cl cut t;. ngs. . 3 

3. P.ave thin sections r.1ade to do:err.:inc if t:.c::.cs :.re systc::iatically di.;tri­
butcc. 

•i. M=:<e crain counts to cstal>lish critic:11 :!.:.cics p=r=:r...:~cl·s. 

s~ St~~y cvail=~lc co~c =n::i.lyscs and cs:ablish that there is f~cics control 
o! e!!cct::..vc: porosity. I.f such :.~::.lyscs ;:ire ~'let av::i.il~;)lc, ·prociuction 
history of wells producing frorr, the v:iriou:; 1~ci.:?s should give a stron~ ., 
indicatioa. • 

G. 1!.ap :facies and extend established trc:.ds into arc:is of sparse control. 

7. :?:stablish trends in ~re:is of sparse control. 

S. Uso the roe:-: scc;ucnce dcvclcpccl in ~wo wells in wh:.ch diifc_:·cnt iacics 
cx~st to.deterffiinu the ~ircct~cn oi trans:rc~sion or rccru~sion in ~n 
nrea. 

9. If Step Sis ~ucccssf~l, :in indic::.tion of which ,1rcctioa to cove from ;i 

sinr;le well 

Yo~rs very truly, 

·' 
I.'; . • ::· .• -: l 

s:.:3:rnls 

,, 
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