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Case made for regional geology
in hydrocarhon exploration

Henry W, Defong Littleton, Colo.

Lhe goal of a regional geo-
Tlogic evaluation is to de-

[ termine those areas of
the earth that offer the great-
est economic opportunities
for drilling successful wells
in the most prospective area
as defined by that study.

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 basinwide
scale, or for contiguous
multi-basins, show us what
to look for and should in-
clude recommendations for
the exploration metheds and
! the sequence to follow in
prospect hunting.

What and why

A regional study is a pre-
dictive tool, and one cannot
properly evaluate a prospect
without knowing its position
in relation to the structure
and stratigraphy of a basin
together with its relaticnship
to any shows or production.

The principal differences
between looking for
prospects and the study of re-
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REGIONAL VS. PROSPECT INVESTIGATIONS

« Regional geological studies .evaluate the
large areas of the earth, usually working with basins of substantia?
areal extent or portions of basins that may have only minor hydrocar-
ban associations to date in seme portion of the basin.

« Regional studies outline the structural signatures that can be anici-
pated in a basin and the as$ociated stratigraphic sequences. Both
structural and stratigraphic aspects must be related to hydrocarbon
production or shows since this will hefp outline the most prospective
section and the types of traps most likely to praduce.

+ Regional studies by their nature represent a broad approach. For ex-
ample, only the dedpest wells may be considered uniess only shatiow
welis have been drilled. .

ydrbcafboﬁ' potential of

Fig. 2

WHY REGIONAL STUDIES MAY BE OUT OF FAVOR

* Someone has worked an area for years and he/she knows it is the best
iace to look for prospects. Why go elsewhere?
* Industry is active in a given area, and this blinds explorationists to mer-
its of ciher areas. :
- The company has a large block of cheap acreage. and all that is re-
uired is to slide a prospect under it.
» Some managers feel that time, money, and talent spant on regional
analyses are wasted since the natural inclinatior: is a preference to go
immediately 1o defining a series of drillable prospects.

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 synthesis of all geo-
logical and geophysical data
in relatively small areas with

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

tailed analysis.

Regional studies are usu-
ally out of favor for the rea-
sons shown in Fig. 2. The fal-
lacy 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 history. Low risk
improves the chance of stc-
cess and a favorable return
on investment.

In addition, regional stud-
ies enable explorers to look at
both the positive and nega-
tive aspects of large areas.
This in turn permits estab-
lishment of priorities for
evaluation. Regional work
can be used to condemn
areas (although no area can
ever be completely con-
demned) as well as to explain
productive trends. This re-
quires knowledge of geologic
history. Some regional prob-
lems worrisome to explo-
ration activiries will be high-
lighted.

Other minerals of interest
occasionally make an appear-
ance in a regional study: car- J
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bon dipxide (in the Colorado
Front Range}, coal {in the
Powder River basin}, helium
(in east-central Arizona), and
trona (in Southwest
Wyoming). To these may be
added oil shale in the
Piceance basin of Northwest
Colorado and interesting
shows 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 remate
area presently not of interest
to vou. The discovery usually
serves as a ftrigger for the
frantic acquisition of an
acreage position since as the
play spreads any tract avail-
able appears desirable. This
results in a haphazard assem-
blage of acreage that may or
may net have any explorato-
ry merit. Anyone who pos-
sesses some kind of evalua-
tion of these areas in files is in
a better position to obtain
worthwhile acreage repre-
sentation in the most favor-

| able areas on short notice.
Preliminary to beginning ;

aregional evaluation, current
knowledge of all the area
within one’s jurisdiction will
heip the explorer decide
those areas worthy of con-
centrated study.

Regional studies assist us
in defining what we shouid
ook for and what to expect
in anv given area; it is a form
of reconnaissance that out-
lines reservoirs, seals, timely
migration, source, and the
presence of trapping mecha-
nisms. Regional thinking is
primarily coencerned with fa-

function of both. It is an exer-
cise in forecasting and hence
becomes a management and
budgeting tool.

Predicatability comes

! cies, enviromments, and the
~0il occurrences that are a

with understanding, and un- :

derstanding the exploration
environment enables us to
predict the location of the
most favorable prospective
areas, That is, our knowledge
and understanding of region-
al relationships permit us to
selectively pursue economic
opportunities through com-

Fig. 3

WY 10 PERFORM REGIONAL STUDIES

+ Find new areas for exploration
- Better understand prospects in a basin and the obla the a
rank prospects based on merit. CT e

« Expand areas of interest. o

» Predict favorable structural and strangraphlc enwronmants :

» Predict the types of traps possible in unexplnred areas and define how

ta find and exploit them.
» Better understand discoveries made by othars m areas where you
have generally been inactive.

= Ascertzin the proger exploration sequence wnh the tools available. Not
all areas should be explored the same way,

» Learn whether your work indicates a negative baas The area exam-
ined should rank low in terms .of exploration expenditures. Regional
knowledge can be used to condemn areas On the other hand, pos-
ifive aspects reduce risk, .-

+ Increase the ghance fagtof of worthwhlle discoveries.

+ Learn whether, in a basin where you hold large blocks, you should ex-
plore what you have, add to it before DEQInnln? more details studies,
or begin exploration, Optlons are to explore by farmout, increase hold-
ings, drop acreage, or explora existing holdings.

+ Determing anticipated reservoir parameters.

« Examine important exploration factors other than geoclogy. What and
where are the markets for oil and gas? What are pipeline costs? What
are land costs? Is an acreage position possible? Is the area accessi-
bie by road, air, rail?

+ Arficipate explora’non prablems: volcarnics, Thick unconsolidated sedi-
ments, permafrost, breached sections, adverse hydrodynamics, low
Eravdy drilling problems.

= Learn how regional geclogy explains productive frends.

ity 1o

Fig. 4

CHARACTERISTICS OF STRATIGRAPHIC UNITS

= Argal extent.

+ Thickness.
+ Internaf (facies) changes.

« Structure at iep and base of unit.

« Belationship te overlying and underiying unns

= Environment of deposition.

» Source of the sediments.

« Paleotectonics of depesition.

+ Broad basinal depositional patterns,

« Relationship of source vs. resarvoir for each unit.

» Result of interplay of siructure and sedimentation affecting the unit.

- Effective seals for potential traps.

» Age relationships with respect to structure, sedimentation, environ-
ment, etc.

« Structural and stratigraphic “grain.”

~ Relationship between production and-or shows with tespect o thick-
ness, extent, facies, over. and underlying units, etc.

« Reasgns that individual tests failed.

» Worthiness of exploration spending and iocations of optimum structur-
al and reservoir conditions. -

« Conceplual model for the sequential development depositional pat-
terns in conjunciion with observed structural patterns, with emphasis

on tectonic intensity and resulting facies changes.

prehensive knowledge by J
defining basin architecture,
depesitional patterns, and
tectonic history. The geologi-
cal regions, basins, trends,
and plavs that offer these op-
portunities ultimately put the
exploration dollar to its best
use in  budgeting time,
money, and  personnel.
Someone who knows where
to concentrate the search for
drillable prospects will need
tewer technical people to
reach that goal.

The reasons for embark-
ing on regional work are
many and varied (Fig. 3).

When to go regional

The timing for a regicnal
evaluation varies from the
first bit of interest in a basin

to the need to understand !

what you have been working
with for some time. That is,
what is the goal and why are

+ vou making the evaluation?

Is it a matter of money, time,
or talent? Is there an urgent
need, or is it to satisfy a long
term goal?

Know the territory
Certain factors, which can
only be determined from re-
gional studies, are necessary
to outline favorable prospec-
tive areas and to show where

the concentration of effort
will be most fruitful (Fig. 4).

More specifically, we
should map and compare
any parameter we believe
may assist in our knowledge
of units in the basin. How do
we go about this? These fac-
tors (Fig. 5), not shown in any
particular order, will help es-
tablish a work program. The
game plan is to select work
pertinent to the area to be
evaluated, organize the se-
quence of investigation, and
begin.

How one study worked

The computer is a power-
ful tool in both regional and
local studies.

One regional study in- |

volved Trans-Pecos Texas
(O], Jan. 20,1992, p. 59, and
OG], Jan. 27, 1992, p. 97). The
study involved work per-
formed in 1983-84 but not
previously published.

The data were fed intc a
computer, which permitted
the authors to watch the de-
veloment of each mapped
horizon with time beginning
with the lowermost portion
of the section. Coloer en-
hanced the presentation. The
maps and cross-sections fed
into the computer by hori-
zons developed a growing

picture of sedimentation and |

structure,

We should point out that
in any regional project, any
existing maps, whether in-
house or published, could be
digitized and used in the
analysis. PetroSvstems of
Houston  performed the

Trans-Pecas Texas computer

work, which wiil be present-
ed elsewhere.

Although our findings
were generally nesative we
did not fully condemn the
area. We did suggest that siz-
able accumulations are prob-
ably present. To the present
time, these findings appear
valid.

No exploration enjovs
reaching negative conclu-

i sions about an area, but dol- !

lars not spent in poorlv-
prospective areas are dollars
available for exploration in
worthwhile areas,

Source beds are a prob- |

lem. Is the unit still a source? |

—
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i sufficient reason to condemn

i pretation of geophysical data

| trap prevents further migra-
~ tom.

: occurrence of major trapping

Fig. 5

STEPS IN ESTABLISHING A WORK PROGRAM

+ Use previously published papers for statements, ideas, concepts, Pub-
lished facies and environmental analyses are valuable.

+ Use outline maps and stratigraphic columns to relate data.

+ Preparg type logs both lithologic and mechanical. Samples, cores, and
cere analyses give a good look at the stratigraphic horizons, Qutcrops give
the best infarmation.

* Prepare regional dip and strike cross-sectians. They provide the framework
on which the remaining data are related. Regional structural, isopach, and
facies maps follow the cross-section network. Fence diagrams are useful in
developing concepts and iflustrating ideas to management. Understanding
the gedicgic histery is impartant, and these devices help. Studies are es-
sentially four dimenslonal in scope, with time as the fourth dimension..

« Since many very large oil and gas accumulations are associated with un-
conformities, they are of prime interest, : . e

= Begin with a surface geclogic map. Note that vegetaticn changes can be
useful in outlining surtace outcrops. :

« ldeally study the area {ram the basement upward, but since data decreass
with depth it s necessary to begin with the harizens on which the most in-
formation is in hand. Dan't forget that basement is the foundation on which
the stratigraphic seclion is buiflt and that variations in basement rocks and
the major structural leatures presant in basement contral the overlying
sedimentation patterns. : :

+ If thera are productive areas within the basin, map their distribution. Map
the variation of hydrocarben gravity, Map the position of seeps, shows, and
production in the basin. Any indication of hydrocarbons (show, seeps, pro-
duction) should be related {o the appropriate maps and section. Learn why
hydrocarbons are present in the area. : ' .

+ Ara potential source-reservoir relatienships apparent?

+ Dbtain maturation data and-or use Lopaiin's technique. -

+ Learn whether it is reasonable to expect fraps similar fc and-or ditferent
from thase found in the basin. Decide how to find the traps.

« Heat flow data, salinities, time-temperature relationships give further in-
sight. Make maps {e define oil-gas-water relationships.

* Learn the factors that produce favorable porosity anc permeability and how
ta enticipate their presence. I

. taphy and structure.

- Sequence stratigraphic studies form a naturat tie with tectonics. Leamn
whether the lithciogies indicate hingelines,. shelves, nearshore, or bathyl
environments.” - .

= Be alert for & basin's negative aspects: valcanics, tectonics, breached sec-
tiong, adverse hydrodynamics, problems in aceessibility, drilling, land costs
and-or availability. - - o

» Watch for recent volcanic activity.

* Regional taols includa gravity, magnetics, photogeclogy, and regional seis-
mic lines. Satellite data give the broadest overview of a study area. Sur-
face geochem data may be useful. Relate data from ali tocis to objective
horizons, Be selective in the tools used and failor them to the area’s stratig-

« Pay attention to analegies with known productive areas.

* Include Sufficient area around the basin to place it in context with sur-
rounding geologic elements.

* Note the presence of carbon diexide, heiium, or minerals.

+ Benefit rom statistics such as oil-gas ratios, cumulative praguction, drilling
and producing costs, reservair parameters, recovery factors including fest
of paly, estimates of drilling depths, current activity level, number and ciass
of fields by years, wildcat success ratios, well spacing, field sizes in ferms
of criginal oil in place, and density of contral.

- Learn whether the basin's development stage is young, intermadiate, or
matare, -

« Anticipate the size of future accumulations. Make a quick estimate using
ared in acres times net eflective pay in feet times the recovery factor in bar-
reis per acre-foot.

« Learn whether to expect vugular, intergranular, or fracture porosity.

+ Learn what range of permeabilities to anticipate.

+ Learn expectad trap types: structural, stratigraphic, or combination.

+ Learn drive types presant in various fields and areas.

» Stay familiar with existing acreage position and its cost, acreage availabil-
ity, type and cast, awners of acreage, lease and rental terms, and work re-
quirements.

Was it a source but the hy-
drocarbons have migrated? it
may no longer lock like a
source rock. Lack of a readily
determined spurce rock is not

sent in not only prospect-size
areas gbut in the regional as-
pects as well. Geophysical
data are vitally important
today. For exampie, predic-
tion of porosity and its lateral
a horizon. The bulk of the -
world’s oil is related to un-
conformities if you accept the
concept that even minor un-
conformities assist greatly in
the accumulation of hydro-
carbons. Unconformities
serve as the conduit along
which fluids or gases move
from a source area until a

ration questions, and seismic
facies maps previde informa-
ton on fracture intensity and
localized porosity develop-
ment,

mic data provide the explo-
rationist with a high resciu-
tion picture of the subsurface
and make it possible to delin-
eate large and subtle varia-
tions in geometrical and
physical properties at consid-
erable depths. The finding
and identification of flood
plains, intricate channel svs-
tems, stratigraphic plavs
based on point bars, channel

Unconformities can also
serve as a trapping mecha-
nism as well as a seal. Gentle
unconformities offer the
greatest opportunity for the

mechanisms and therefore
maijor accumulations.

While given near the end
of the article, more and more
emphasis is and will be
placed on the use and inter-

delta systems are possible.
Four dimensional seismic, or
3D time-lapse monitoring,
brings in the time factor and
permiis observation of the
movement of fluids during
the development of a field
and gives geologists and en-
gineers additional control for
exploration planning.

The use of seismic facies

in the future, primarily seis-
mic. Processing is all-impor-
tant. Today we have tech-
niques involving computers
that have removed much of
the guesswork formerly pre-

continuity are major explo- |

Three dimensional seis- |

- the distribution of similar
fill, crevasse splays, and fan |

mapping is becoming more
important. Where we have
limited well information, we
have the tendency to “create”
sedimentary facies based on
those few wells. We overlook
the fact that we are not seeing
a representative distribution
of rocks in the subsurface.
However, by using a seismic
tacies analysis appreach at
least we can recognize the
variability in facies, which in
turn can be used to predict
the geologv for a particular
seismic signature. Seismic fa-
cies analvsis differentiates
areas of good porosity vs.
bad porosity, development of
reef and related features, etc.
The technique is based on the
fact that through “neural
net” seismic analysis a map
can be generated based on

spend the time necessarv to

produce a report, particularly

multitude of maps, cross-sec-
tions, etc. We take a negative
view of this outlook for a
number of reasons:

* A report forces the ex-
plorationists to organize their
thoughts and to put them in
understandable language.

¢ It permits distribution
of cne's work to all who
should have access to it

* It provides a founda-
tion for future updating or as
a reference if further work is
required.

* Since people do leave
organizations for one reason

the loss of valuable conclu-
sions,

Your report should con-
tain vour selection of those

wiggle trace shapes. areas that have the most ex-

Shaping a report

Conclusions and recom-
mendations should be pre-
sented on the first sheet of
your report. If managers are
interested at that point, they
will read the balance of the
report and examine vour
maps.

Not all companies want to

importance together iwith
brief statements to justifv
that selection. Assuming that
vour study indicates the
merit of detailed work in
prime areas, what are vour
recommendations for exple-
1ation and refinement of
those areas? What sequence
should be followed, and

tor work that consisted of a

or another, a report prevents

ploratory merit in order of !
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L needs
© fraining and exposure to sev-

what costs would be in-
curred? What are the man-
power and time require-
ments to refine prospects?
Keep vour readers in mind:
they control the purse
strings.

It your conclusions are
negative, management is en-
titted to know why as are
workers who follow you.

Where and who
Regional evaluations are
best done in offices or areas

where the maximum geologi-  ‘

cal and geophysical data are | |

in-house or readily available
and where the various disci-
plines needed are at hand.
Selection of perscnnel is
important. Curiocsity, imagi-
nation, and interest are nec-
essary together with the abil-
ity to wvisualize rock se-
fquences and events in three
dimensions. The ability to co-
ordinate information and w

. work with people represent-
ing other disciplines is vital. |
Everyone must be as close to !

being an expert in his field as
possible.

Your regicnal explo-
rationists should have expe-
rience in looking for drillable
prospects 50 they can recog-
nize potential areas outlined
by the regional work.

Ideally, an explorationist
a balance between

eral geological regimes. The
geologist, for  example,
should have worked in sever-
al  geological provinces,
which will provide him with
the knowledge of various
parts of the geologic column
and the structural and strati-
graphic styvles prevalent for
several areas. He will have
been exposed to different
problems in these areas and

. their solutiens. The exposure
enhances an explorationist’s :

“recognition factor.”

On the other hand, man-
agement must do its part:
show interest, need, and ap-
preciation. When available,
provide money both for the
investigative program and o
capitalize on the findings and
recommendations. .

Gulf marine seismic

actuisition record claimed

i The Geco Searcher achieved what Schlumberger believes to be the highest sur-
vey rate attained in the Gulf of Mexico by a single vessel. The Geo-Prakla
vessel acquired data over 1,000 sq km/month during 1997 as part of a nonex-
clusive proprietary survey. Ultimate coverage was 5300 blocks. The vessel uses
multistreamer towing technology that gives it an 800 m wide spread and a 4.8
sq km footprint. The in-sea equipment did not need retrieving for 6 months,
Photo courtesy of Schiumberger.

AA 200,000 three dimensional
reservoir study is planned in

Unit, the world's first com-
mercially successful applica-
tion of nitrogen injection
pressure maintenance for en-
hanced oil recovery.

General agreement is that
of 90-100 million bbl of cil in
place in Pennsylvanian Marc-
hand sand at about 10,000 ft,
about 16% has been pro-

Resources Corp., Dallas,
which is acquiring Phillips
Petroleum Co.'s interest in
the unit,

Operating since the early
1980s, East Binger now pro-
~duces about 1,000 b/d of
| sweet crude and 7 MMefd of
‘ gas from 56 producing wells,

Oklahoma over Fast Binger |

duced, says Cotton Valley :

state figures indicate. The
unit, in Caddo County in the
eastern Anadarko basin, has

25 injection wells and a 20
MMetd crvegenic air separa- |

tion plant.

The 3D reservoir simula-
tion will be used to more
closely estimate remaining
reserves and optimize pro-
duction the next 10-20 years.

Cotton Vallev's current
Binger reserves estimate is 1-
2.5 million bbl of oil, gas, and

natural gas liquids, net to the |

interest it is acquiring.

Exchanging interests
Cotton Vallev acquired cil

and gas interests in the Zama

Lake area of Alberta from

Binger field due new operator, reserveir study

Paramount Resources Ltd.
and exchanged that property
with Phillips for cash and a
contract to purchase an inter-
est in East Binger Unit.

Cotton Vallev received the
right to purchase for 54 mil-
lion Phillips's 23.4% interest
in the EOR project. It will
also obtain all of Phillips’s in-
terest in the other shallower
zones in about 3,000 net acres
of leases Phillips contributed
to the unit,

Cotton Valley would be-
come unit operator. The deal
is to close by May 31.

Cotton Valley also holds
interests of 20-100% in
Northeast Alden field
Caddo County, which pro-
duces oil from Bromide and
gas from Arbuckle. .
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