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Case madc lon negional geology

in hydrocarhon explonation

!.he goal oI a regional Beo-

I fgf , i:""ixi:" i:"':o:;
the earth that offer the great-
est economic opportunities
for drilling successful 'w.ells

in the most prospective area
as defined by that studv.

Without this step the ex-
plorationist may find himself
searching for driliable
prospects in a portion of a
basin that has relatively low
merit. Regional studies, usu-
ally done on a basinivide
scale, or (or coniiguous
multi-baiins, show us $'hat
to look for and should in-
clude recommendations for
ihe expioration methods and
the sequence to follorv in
prospect hunting.

What and why
A regional study is a pre-

dictive tool- and one cannot
Propeily evaluate a prospect
$,ithout knoh'ing its position
in relation to the structure
and stratigraphy of a basin
together 1!.ith its reiationship
lo any shoi rs or production.

The principal differences
betrveen Iooking for
ProsPects and lhe studlr of re-
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gional geological parameters
that make up prospective
basins are shown in Fig. 1.

On the other hand, the
search for drillable prospects
requires a detailed examina-
tion and svnthesis of all geo-
logical and geophysicai data
in relativelv small areas rvith

success through the drilling
stage more assured if the
prospect is located in the
more iavorable areas of the
basin. The difference is large-
ly one of scale since basin
analysis uses the broad-
brush approach; prospe.t-
finding is an intensely de-

tailed analysis.
Regional studies are usu-

all1, out of lavor for the rea-
sons shown in Fig. 2. The fal-
lacv in those lines of thinking
is that one good prospect de-
veloped in a favorable area
possesses much lower risk
than five located in an area of
poor lithologies, antagonistic
structures, and an adverse
geological historv. Low risk
improves the chance of suc-
cess and a favorable return
on investment.

In addition, regional stud-
ies enable explorers to look at
both the positive and nega-
ti\,'e aspects of large areas.
This in turn permits estab-
lishment of priorities for
elaluation. Regional rvork
can be used to condemn
areas (althoLrgh no area can
ever be completelv con-
demned) as $,ell as to erplain
productive trends. This re-
quires knowledge of geologic
history. Some regional prob-
lems wofiisame to explo-
ration ilctiviries will be high-
lighted.

Other minerals of interest
occasionallv make an appear-
ance in a regi.onal study: car-

. Hegiolal geological gtudies €valuals the hydrocarbon poten al of
large areas of the eanh, usoally workrng wilh basins ol subslant;al
areal exlent o. porl'ons ol besins lhal may have only minor hydrocar-
bon associalions to dal6 in some porlion ol the basin.

. Fegional studies ootline lhe sfuuatural sionatur€s thal c?n b€ anlici-
paled in a basin and the associated sirat;graphic sequences. Bolh
slructural and slratqaphic asfrects mu$ be relareo ld hydrocarbon
produclion oi shovrs sifice lhis will help outline the most prospective
secl;on and lhe types of traps mosi lihely lo produce.

. Fegroaal studies by their nature represeni a broad approach. For er-
amFle, only the deepBsl wells ma) be consdered ulless only snallow
wells have been drilled.

. Someone has worked an area foryears and he/she knows rl;s lne best
place lo look for prospecls. Why qo €lsewhere?

. lndusrry rs aclive in a given area. and lhis blinds elplorafonists to fier-

. The comoany has a large block of cheap acreage, and all that ;s re.
quired is to slide a prospect under it.

. Some managers teel that lime, money, and talent spent on reotolal
aralyses are wasted since the nalural inclinalion rs a preference to go
immedialely lo de'ining a series ol drillable prospecrs.
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bon dioxide (in the Colorado
Front Range), coal (in the
Powder River basin), helium
(in east-central Arizona), and
trona (in Southlvest
Wyoming). To these may be
added oil shale in the
Piceance basin of Northwest
Colorado and inierestjng
shoivs of carbon dioxide in
the Mist area of Northwest
Oregon and in Trans-Pecos
Texas.

A bank of regional studies
in one's files can give some
insight into a discovery of oil
or gas by others in a remote
area presently not of interest
to you. The discovery usually
senes as a trigger for tlle
frantic acquisition of an
acreage position since as the
play spreads anv tract avail-
able appears desirable. This
results in a haphazard assem-
blage oi acreage that mav Dr
may noL have any explorato-
ry me t. Anyone who pos-
sesses some kind of evalua-
tion of ihese areas in files is in
a better position to obtain
worthrvhile acreage repre-
sentation in the most favor-
able areas on shofi notice.

Preliminary to betinning
a regional evaluation, current
knorvledge of all the area
rvithin one's jurisdiction rvill
help the explorer decide
those areas worthy of con-
centrated study.

Regional studies assist us
in defining u'hat rve should
look for and rvhat to expect
in anv given area; it is a form
of reconnaissance lhat out-
lines resen oirs, seals, timelv
migration, source, and the
presence of tiapping mecha-
nisms. Regional thinking is
primarily concerned rvit)r fa-
cies, environmenfs, and Lhe

oil occurrences that are a
function of both. It is an exer-
cise in forecasting and hence
becomes .r management and
budgeting tooi.

Predicatabilitv comes
rvith understanding, and un-
derstanding the exploration
environment enables us io
predict the locaLion ol the
most iavorable prospecti\-e
areas. That is, our knorvledge
and understanding of region-
al relationships permii us to
selectiteiy pursue economic
opportullities through com

prehensir-e kno*'iedge b1,
defining basin architecture,
depositional patterns, and
tectonic historv. The geologi-
cal regions, basilLs, treflds,
and plavs thai offer these op-
portuniiies ullimately pub the
e\ploration dollar to its best
use in budBeting time,
money, and Personnel.
Sor:reone rvho knolvs t,here
to colcentrale Lhe search for
tlrillable prospects will need
ierver techricai people to
reach that goal.

The reasons Ior embark-
ing on regional \\,ork are
manv and vadecl (Fig. 3).

lluhen to go negional
The timing for a regional

evaluation varies from the
first bit of interest in a basin
kl the need to understanll
rvhat you have been lvorking
r{ith for some time. That is,
rvhat is the goal and rvhy are
you making ihe evaluationl
Is it a matier of money, time,
or talent? is there an urgent
need, or is it to satisfy a long
term goall

l(nou, the lerritony
Certain f;ctors, which can

only be determined Irom re-
gional studies, are necessary
to outline favorable prospec-
iive areas and to shor,. lvhere
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the concentration of effort
l,ill be most fruitful (Fig. 4).

More specifically. we
should map and compare
any parameter .t^.e believe
may assist in our knowledge
of units in the basin. Ho!r. do
we Bo abaut this? These fac-
tors (Fig. 5), not sho',vn in any
particular order, witl help es-
tablish a rvork program. The
game plan is to select lvork
perLinent to the area to be
evaluated, orBanize the se-
quence of investigation, and
begin.

How one study wonked
The computer is a porver-

ful tool in both reEional and
locai studies.

One regional studv in-
yoh,ed Trans-Pecos Texas
(OGJ, Jan. 20, 1992, p. 59, and
OGI, lar. 27, 1,992, p. 97). The
study involved rvork per-
formed in 1983-8"1 but not
previously published.

The data were fed into a
computer, which permitted
the auihors to rvatch the de-
veloment of ea.h mapped
horizon r.ith time beginning
wiih the lo\,vermost portion
of the section. Color en-
hanced the presentation. The
maps and cross-sections fed
into the computer by hori-
zons developed a growing
picture of sedimentation and
struafure-

We should point out that
in anv regional pro,ect, anv
existing maps, ryhether in-
house or published, could be
digitized and used in the
analvsis. PetroSvstems of
Houston performed the
Trans-Pecos Texas computet
rvork, which n ill be present-
ed elseu'here.

Although our Iindings
were generallv negative lve
did not fullv condemn the
area. IVe didiuggest that siz-
able accumulations are prob-
ablY preseflt. To the presenl
time, ihese findings appear
valid.

No exploration enjovs
reaching negati!e conclu-
sions about an area, but dol-
lars not spent in poorlv-
praspective areas are doilars
avaiiable for exploration in
$'orthrYhile areas.

Source beds are a prob-
lem. Is the unit still a source?



. Use previoLsLy publisneo papers 'o, statements, ideas, concepls. Pub-
hsned'acres and envrronmental analvses are valuable.

. l.Jse outline maps and straliqraphic c6lumns to relale da1a.

. P.epare iype ogs bolh lirholoqc and rnechanica,. Sanples, cores, and
co e a'lalyses gve a gooo loo^ ar the stratlgraphjc hori?o"s. Outc.ops give
the best iniormation.

. Prepa'e reg,o'ralorp drd shke cross-sections. They provrde lhe lrarrewo*
on wh ch the remarrng data are relateo. Begional structural. isopach, and
laoes maps rollow rhe c'oss secl,on network. Fence diaqrams are useful ir
deve opirg corcepts ard r'lLstrat.rg .deas 10 managemdnt. Undersranding
lhe geoloqic hislory is,nportanl, a d these dev:ces help. Studies are es.
serl.ally lour d,mensional ,1 scope. with time as the rou(n dimension..

. Since many very large ol and qas accLmulat,ons are associaled with un.
con,ormities. thev are o, onme inlerest.

. Begil with a suriace geologic map. Nole that vegetation c,tanges can be
uselul in outJininq sldace oulcrops,

. ldpd.ly study the area tom the baseme nl upward. bul s:nce dala decr ss
with deplh it.s necessary to beqin w:th lhe horizons on which lhe most in
formation rs in hano. Oon I forqet thal basemenl is the lou^dalion on which
ll^e slrar:g'aphic secto'r is bu;lt and lhat varjations in basement rocks and
lhe rraior struclural {eatures p.eseni in basemenl mntroJ the overlying
sedime;rtairon patlerns.

. l' there a(e prodL,ctlve areas wkhin ihe basin, map their dislribution. Map
lhe var'alion ol hydrocarbon Oravity, Map the posrlion ol seeps. shows, anij
p'odLcl.on ir the basin. Any ind:cation of hydi'ocarbors (show, seeps, p,o-
dLcton) should be /elaled lo lne appropriate maps and section. Leam i,vny
hydrocarbons are pIBsenl rn lhe area,

. Are polential source-reseruoir relationships apparentt

. Obtain maluraiion dala andrr use Lopatin's technrque.

. Learn wl_ether il is reasonab,e to expocl lraps similar 1o and-or drjlerent
kom tl^ose iound in the bas'n. Decide how to find the lraos

. Heal flow dala. salinit'es. t,rne-lgmperature relationshrps give flrrther in-
srght, I\,,lake maps 10 define oil gas-water relationsh ps.

. L€arn the faclors lhal produce favorable porosily and permeabil,ry a1d how
to anticipa\e their presence.

environmenls-
'Be ale.t fora basin s negalive aspects: volca nics, leclonics, b.eacned sec-

tions. adverse h)drodynamics, prc,blems in ac.essibilily, drillirg.land costs
and or availabrlitv.

' Watch lor receniyolcanic acttvity.
. Regionaltools inclLde gravily, magnetics, phoroqeo.ogy, end regionalsds.

mic lines. Sat€lhle dala give lhe broadest overi,ew of a stJdy a.ea. Su'.
face geochem data may be use,Jl, Belat€ data lrom alj tools lo obiecl,le
horizons. Beseleclile inlhetoolsused and larlor lhem to lhe area's atrarq.
raohv and slructure.

. Pdy attenlion lo analogies with known productive areas.

.lnclude suflicient area around the basrn to place it tn co4lext with sJ
roundino oeolooic elements.

. Nore lh6 a'rese;ce ol carbon diorioe, helium, or minera's.
'Benelitlrom statislics such as oilgas ralos, cJmulalive producrtol, dr llina

and producing cosls, reservoir parameters, recove.y {aclors includinq teei
ol pay, eslimares ol drilling depths. current acrrvity level. number ardirass
of lields by years, wildcal success ralios, wellspacinq, lield sizes in le'r s
of original oil in place, and density o, control-

. Learn whether lhe basin's developmenl slage is young. inlermediate, or

. Alt,cipere the s,ze of ,urure accumJlations. [,4ake a qL,c" esrmare Lsrrq
area;n acres limes nel eflect,ve pav in feet limes ll'e recor'ery 'acror rn odr:
relsrler acre iool

. Leam whether lo expecl vugular, inlergranular, or fracture porosity.

. Learn what lange oi permeabiliiies to anticipate.

. Learn elpected lrap types. struclurar. stralrg'apnrc. or comb nalon.

. Learn d'ive lypes preserl ir varous lields ano areas.

. slay lamiliar wrlh ex:sl ng acreage posilio. ano ,ls cosr. acreaqe avai,ao
ily lype and cosl, owrprs ol acreaqe, leas" ano en a rerrs. ind $orl. e-
quiremenls,

lvas it a source but the hy-
drocarbons hal,e migrated?-lt
mav no longer look like a
source rock. Lack oi a readily
determined source roak is not
suiticient reason io condemn
a horizon. The bulk of the
rvorid's oil is reiated to un-
conformifies if you accept the
concept that even minor un-
confornities assist greailv in
Lhe accumulation of hvdro-
carbons. Unconformiiies
serve as the conduit along
ilhich fluids or gases move
ftom a source area until a
irap prevents lurther migra-
tion

Unconformities can also
serve as a trapping mecha-
nism as rvell as a seal. Centle
unconfornities oifer ihe
Breatest opportuniff for the
occurrence of major trapping
mechanisms and lhereiore
major accumulationS.

lVhile given near the end
of the article. morc and more
emphasis is and n:ill be
placed on the use and inter-
pretation of geophvsical clata
in the future, primarily seis-
mic. Processing is all-impor-
tant. Toda]' rve have tech-
niques involving computers
that have removed much of
the guess 'ork formerlv pre-

sent in not onlv prospeci-size
areas gbut in the regionai as-
pects as nell. Geophvsical
data are vitallv important
today. For example, predi.-
tion o{ porosity and its lateral
continuiiy are major explo-
ration questions, and seismic
facies maps provide informa-
tion on fracture intensitv and
localized porositv der;elop-
lflent,

Three dimensional seis-
mic data provide the explo-
rationist l^,'ith a high resolu-
Lion picture of the subsurface
and nake iL possible to deiin-
eate large ancl subtle varia-
tions in geometrical and
phvsical properties at consid-
erabie depths. The finding
and identiiication of flood
plains, intricate channel svs-
tems, stratigraphic plavs
based on point bars, channel
fill, crevasse splavs, and fan
delta syslems are possible-
Four dimensional seismic, or
3D timeJapse monitorins,
brings in the time factor and
permits obser\-aiion of the
movemert of fluicls during
the development oi a field
and gives Eieologisis and en-
gineers additional conkol for
exploration pianning.

The use of seismic facies

mapping is becoming more
important. lvhere we haye
limited weli information, i\.e
have the tendencv to "create'/
sedimentarv facies based on
those fer,r u,el1s. We overiook
lhe fact ihat \\'e are not seeinE
a representative distdbution
oi rocks in the subsurlace,
Horvever, bv using a seismic
iacies analvsis approach at
least we can recognize the
vadability in facie!, u hich in
turn can be used to predict
the geologv tor a particular
seismic signature. Seismic fa-
cies anahsis difierentiate-.
areas of .good porositv vs.
bad porositv, deve)opment of
reef and relaled features, etc-
The technique is based on the
facl Lhai through ''ieural
net" seismic analvsis a map
can be generated baseLl on
lhe cli-<trit'ution oi similar
ryiggle irace shapes.

Shaping a repor,t
Conclusions and recom-

menLi.rLiors should be pre-
sentccl on the first sheei oi
vour rePolt. If manaqers are
interested at that point, thev
$ill read the balaflce of the
report and examine vour
maPS.

Not all companies \r-ant io

spend the time necessan: to
produce a report, particularlv
for $'ork that consisted ot a
multitude of maps, cross-sec-
tions, etc. tr\'e take a nesiatile
view of this outlook for a
number of reasons:

. A report forces the e\-
plorationists to organize their
thoughts and to put them in
understandabie ianguage.

. It permits distribution
of one's work k) ail !!ho
should have aacess to it-

.It provides a founLla-
tion for tuture updating or as
a referencc if fudher h,ork is
required-

. Since peopie do lea|e
organizations tbr one reason
or another, a report pre\'ents
the loss of valuable conclu
sions.

Your repori should con-
tain vour selectiorl oi those
areas that have Lhe most ex-
ploratory merit in order of
in1portance together \rith
b ef statements to justifv
ihat selection. Assuming that
vour studv il1dicates the
merit of detailed rvork in
Prime areas, i\:hat are voul
recommendations for erplo-
ration and refinement of
those areas? lvhat sequence
shor.rld be follou'ed. ani-l
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rvhat costs would be in-
culred? lvhat are the man-

Polver and time require-
ments to refine prospects?
Keep ,vour readers itr mind:
they control the purse
strings.

Il your conclusions are
negative, management is en-
titled to knoi\' $,h), as are
workers rvho follorv you.

Whene and who
Regional evaluations are

best done in offices or areas
rvhere the maximum geologi-
cal and geophvsical data are
in-house or readill,- available
and where the various disci-
plines needed are at hand.

Selection of personnel is
important. Curiosity, imagi-
lation, and interest are nec-
essary together h,iih the abil-
ity io visualize rock sc-
quences and eveits in three
dimensions. The abilitv to co-
ordinate information and to

,ork with people represent-
ing other disciplines is vital.
Evervone orust be as close to
bein[ an expert in his lield as

possible.
Your regional explo-

rationists shouid have expe-
rience in looking for drillable
prospects so thev can recog-
nize potenlial areas outlined
by the regional !{,ork.

Ideally, an explorationist
needs a balance between
traiting and exposure to se\-
eral geological regimes. The
geoloilist, for example,
should have rvorked in sever-
ai geological provirces,
rvhich rvili provide hinr irith
the knorvledge oi various
parts of the geologic column
and the structural and slrati-
graphic styies prer-alent for
several areas. He lvill have
been exposed to different
problems in these areas and
Lheir solutions. The exposure
enhances an exploratiollist's
"recoEinition f actor."

On the other hancl, man-
aBement must do its part:
sholv interest, need, and ap-
preciation. !Vhen available,
provide money both ior the
investigative program and tD
capitalize on the findings and
recommendations.
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Gull maninc sei$mic acquisition neconil claimed
The Geco Searcher nchiez;ed tohat Schlumberger belieoes to be the highest sur-
xey rate d.ttaifle(l fu tlrc Gr f of Mexico by a sitgle ressel. The Geo-Praklo
oessel acqlrired data oz:er 1,000 sq kmlmonth during 7997 as part of a nonex-
clusiae proprietaty stffaey. Ultinate cotserage uas 500 blocks. The ttessel uses

nultistreamer tozoing technology that giztes it an 800 m zoide spread arxd a 4.8
sq km footprint. The in-sea equipment did not need retiering lor 6 months,
Photo coultesy of Schlwnberger.

A Szoo,000 th."" dimensional
reservofu siudy is planne.-i in
Oklahoma o\,er Easi Binger
UriL, the rvorld's first com-
merciallv successful applica-
iion ot nitrogen injection
Pressure mainLenance l_or en-
hanced oil recoverv.

Ceneral agreement is thai
oi 90-100 million bbl of oil in
place in Pennsvivanian \.{arc-
hand sand at about 10,000 li,
about 16% has been pro-
duced, says Cottoi Vallel'
Resources Corp., Dallas,
rr'hich is acquiring Phillips
P{:irolelrm Co.'s interest in
ihe unit.

Operating since the early
19S0s, East Binger now pro-
duces about 1,000 brd of
\rreet crurl., ancl 7 lVl\lcid of
g,1s tiom 56 producing rr.ells,

Notlheast Alden field in

Bingen lield due ncw opcrator, nesenuoir $tudy

state figures inciicate. The
unit. in Caddo County in the
eastern Anadarko basin, has
25 inieciion rvells and a 20
N1N'lcitl crvogenic air separa-
iicrn plant,

The 3D reservoir simula-
liorr \vill be used to more
closelY estimate remaining
reserles illld optimize pro-
drlcti(nr ihe nexi 10-20 vears.

Coibn Vallev's current
Binger resen'es e!6m.rte is 1-
2.5 million bbi of oil, gas, and
natural gas liquids, net to the
interesi il is acquiring.

Exchansing interests
Colton Vallev acquired oil

and gas inieresls in the Zama
I-ake area oi Alberta from

Paramount Resources Ltd.
and exchanged that propertl
irith Phillips for cash and;r
contract to purchase an irter-
est in East Binger Unit.

Coiton ValLev receivecl the
right to purchase for S.1 mil-
Iion Phillips's 23..1!-a interest
in the EOR project. lt \"rill
also obtain all of PhilJips's in-
terest in the oLher shallorver
zones ilt about 3,000 net acres
of leases Phillips contributed
to the unit.

Cotton Vailev 1\'ould be-
come unit operator. The deal
is to close by Mav 31.

Cotton Valle)' also holds
interests of 50-100% in

Caddo County, n'hich pro-
duces oil from Bromide ancl
gas from Arbuckle.


