Stratigraphic-Trap Classification’

Abstract A frap for hydracarbons requires the simul-
joneous existence of [a) o reservoir, (b} an isolated region
of low polential in the reservoir, ond {c] a barrier {or
seal} with high enough enfry pressure la relain a cam-
mercially producible volume of hydrocarbons. Three kinds
of Irops exisl—structurol, siratigrophic, and hydro-
dynamic. All three kinds have o reservoir bounded by a
barrier but differ in wha! couses the isaloled area of low
potential. In classification of hydrocorbon accumulations,
the canditions thal determined the present location of the
accumulation should be used where they can be oscer-
tained.

In the siratigrophic-frop classificotion suggesied here,
primary emphosis has been placed on usability—i.e., will
the groupings help in the search far new hydrocarbon ac-
cumulatians, and is the suggested termincicgy simple
and descriptive enough lo be occepled? A classification
using the time relotions befween barrier ond reservoir
was considered and rejecled.

The suggesied classification stars with the simple con-
cept that siraligrophic fraps cre odjacent to unconformi-
ties or they are nol, For traps that are nol adjocent to
unconformities, the reservair and borrier may be (I)
primary [depositional, usually facies-related) ar (1) wholly
ot in port secondory (diagenefic). Those traps in con-
tact with uncanformities may be (lIl) below the uncon-
formity surface or (V) abave it, or {V} both below and
obove it. This approoch uses same of levorsen's idecs
and eliminotes some inconsistencies in his clossification.
Subdivision af these four mojor classes {focies-change
traps, diagenetic trops, traps below unconformities, ond
traps obove unconformities) allows more precise descrip-
tian of the different types of Iraps,

INTRODUCTION

What is a stratigraphic trap? Before one can
classify such traps, one must decide what they
are.

Although the existence of nonstructural traps
was recognized as carly as 1880 by Carll, and
“Reservoirs closed because of varying porosity
of rock” were distinguished by Wilson (1934)
in his classification of oil and gas reservoirs, the
term “stratigraphic trap” was proposed first by
Levorsen (1936), who stated (p. 534):
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A stratigraphic trap may be defined as one in which
a variation in the stratigraphy is the chief confining
element in the reservoir which traps the oil.

In differentiating stratigraphic from struc-
tural traps, he explained (p. 524} that, in stra-
tigraphic traps,

... the dominant trap-forming element is a wedging
or pinching-out of the sand or porous reservoir rock, a
lateral gradation from sand to shale or limestone, an

uplift, truncation and overlap, or similar variation in
the stratigraphic sequence.

Under this definition, there would be general
agreement that a pod of porous and permeable
sandstone completely surrounded by shale of
essentially the same age and completely filled
with oil or gas is a stratigraphic trap. However,
if the pod were not completely filled, deposi-
tional or regjonal dip might determine where in
the pod the hydrocarbons occur. Depositional
tilt certainly would be considered as strati-
graphic control; regional tilt, however, would
add a structural element. Such regional tilt gen-
erally has been accepted as a component—usu-
ally a necessary component—of stratigraphic
trapping.

Local, in contrast to regional, structural
movements provide complications. The pod
might coincide with the culmination of an anti-
cline, might be restricted to one flank, or might
be in a syncline—or the pod could have been
separated into two or mare parts by faulting, In
his foreword to Stratigraphic Type Oil Fields,
Levorsen (1941, p. x) clarified this by stating:

A stratigraphic pool js bounded on one or more
than one side by non-porosity, whatever the cause, un-
less the non-porosity is altogether coincident with local
structural deformation. Thus, a field would nat be in-
cluded if due 1o an interruption of stratigraphic conti-
nuity because of faulting, nor would one in which the
porosity was a result of fracturing and brecciation be
considered as a stratigraphic type pool. Neither would
pools in which the area of accumulation was deter-
mined by a local uplift or deformation be classificd as

stratigraphic even though the reservoir rocks were
pinched or wedged out®

* Concerning porosity due to fracturing, Levorsen
docs not distinguish between fracturing caused by,
and coincident with, local siructural deformation and
that which is nol. A distinction between -the two is
made in this paper (see succeeding sections),
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Under this definition, as commonly applicd,
the accumulation in the pod on the crest of the
anticline would be considered as structural and
the accumulation on the flank as either struc-
tural or, under Levorsen’s (1954) later classifi-
cation,-combined stratigraphic-structural. How-
ever, what if the hydrocarbons had accu-
mulated before the local structural deformation
occurred and their positions in the pod had not
been shifted materially because of it? The accu-
mulations thus would be stratigraphically con-
trolled and the relation to structure would be
entirely coincidental. The words “determined
by a local uplift or deformation” (italics
added) in Levorsen's 1941 definition clearly
cover this possibility, but in practice the geo-
graphic and not the time relations have been
used. It may be important, not only in classifi-
cation but also in exploration, to determine the
time relations.

Until 1966 there also would have been gen-
eral agreement that a carbonate reef, such as
thc Redwater reef in Alberta, was a strati-
graphic trap, although the hydrocarbon distri-
bution in it is controlled in part by regional tilt.
In that year, however, Martin (1966, p, 2278)
pointed out that reefs, erosion surfaces, and
other types of reservoir rocks that are bounded
laterally by air or water at the time of their for-
mation become traps only as a result of subse-
quent deposition of younger strata adjacent to
(and above) them. He proposed the term “pa-
leogeomorphic” for such traps and believed the
term “stratigraphic trap” should be limited to
those traps caused by lateral change in reser-
voir propertics within a given (single) stratum.
1f Martin’s proposal were accepted, most traps
previously considered as stratigraphic would be
in his paleogeomorphic category. Should such
traps, or some part of them, be considered a
separate category of traps, or are they a kind of
stratipraphic trap?

Hydrodynamics is another factor that should
be reconsidered in deciding, “What is a strati-
graphic trap? Levorsen (1954, p. 142) in-
cluded one hydrodynamic aspect when he ex-
panded his earlier definition of a stratigraphic
trap by stating: “The pool may rest on an un-
derlying water table, which may be either level
or tilted. . . .” However, hydrodynamics may
have eflects other than just tilting the hydrocar-
bon-water contact, As pointed out by Hill et al.
(1961) and McNeal (1965, p. 325), it is possi-
ble that an updip pinchout in a stratum might
hold hydrocarbons if the water flow is down-
dip; but might not hold them if the waler flow

is updip or if the water is static. Should such a
trap be considered as stratigraphic?

Another factor that nceds reconsideration is
fracturing. In his 1941 discussion, Levorsen
specifically excluded pools in which the poros-
ity was the result of fracturing and brecciation,
In 1954, however, he included the Santa Maria
field in California as a stratigraphic trap even
though “The porosity is the result of the frac-
turing of the brittle Monferey shales
(Miocene) and siltstones . . .” (p. 243). Also,
in the Spraberry trend in West Texas, where
fractures and production are not related to
local structures, the fractures are considered to
act as “feeders” from rocks that are too im-
permeable to have extensive commercial pro-
duction if unfractured (Wilkinson, 1953). In
defining a stratigraphic trap, should we be con-
cerned with how the porosity or permeability
of the reservoir developed, or should we be
concerned with what controls the boundaries of
the trap itself? It is my contention that the
boundary controls should be the determining
factor. Thus, fracture-porosity traps unrelated
to local structure would, indeed, be strati-
graphic traps.

Tyres oF Trars

Before considering structural, stratigraphic,
paleogeomorphic, and hydrodynamic aspects of
traps, it is appropriate to determine the basic
requirements for a trap. Hubbert (1953, p.
1954) summarized trapping of hydrocarbons in
terms of energy potentials as follows:

Oil and gas possess energy with respect to their posi-
tions and environment which, when referred to unit
mass, may be termed the potential at any given point
of the fluid considered. When the potential of a speci-
fied fluid in & region of underground space is not con-
stant, an unbalanced force will act upon the fluid, driv-
ing it in the direclion in which its potential decreases.
Hence, oil and gas in a dispersed state wnderground
migrate from regions of higher to those of lower en-
ergy levels, and come ultimately o rest in positions
which constitute traps, where their potentials assume
locally minimum or least values, In nearly all cases
traps for petroleum are regions of low potential which
uie enclosed jointly by regions of higher potential and
impermeable barriers.

As to permeability barriers, Hubbert (1953,
p. 1979) stated:

Reference o Table I shows that the capillary pres-
sure of oil in a shale is the order of tens of aimo-
spheres, while in a sand it drops to the order of tenths,
Hence a slug of oil extending across such a boundary
would be expelled from the shale into the sand by an
unbalanced pressure of the order of tens of aimo-
spheres, .

This formidable energy barrier, therefore, makes a
shale-sand interface appear as & surfuce of rflircc-
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tional conductivity 1o oil (or pas). Across soci. a
houndary the oil can flow in the direction from tir
shale to the sand without hindrance other than viscrs,.
drag; in the opposite direction it can nol flow al !t
unless a pressure is applied to the oil in the sand
greater than the opposing capillary pressure against the
oil.in the shale,

There can, of course, be all gradations in
pressures that permit entry of oil or gas—{from
pressures in shales through those in siltstones to
those in shaly sandstones and sandstones of in-
creasing grain size. Sandstones of the same me-
dian grain size may differ in entry pressure be-
cause of sorting, partial compaction, or partial
cementation, As hydrocarbons accumulate, the
pressure upward in the accumulation will jn-
crease, until in some sjtuations the entry pres-
sure of some part of the formerly impermeable
barrier is exceeded and hydrocarbons will pass
through it. Equilibrium is established and, if
migration continues, hydrocarbons leave the
trap at the same rate at which they enlter jt.
Thus, the extent of difference in entry pres-
sure between reservoir and barrier may contro}
the height of the hydrocarbon column and, in
consequence, the lateral extent of the accumu-
lation. The same effect may result if fractures
in the barrier rock or faults bounding the accu-
mulation have lower entry pressures than the
unfractured barrier rock. Hill ef al. (1961) and
Smith (1966) and others have discussed this
aspect of hydrocarbon trapping.

Thus, except in a relatively few cases, a hy-
drocarbon trap requires the simultaneous exis-
tence of (a) a reservoir, (b) an isolated region
of low potential in the reservoir, and (c) a bar-
rier (or seal) with high enough entry pressure
to retain a commercially producible volume of
hydrocarbons. An isolated pod of sandstone
completely filled with hydrocarbons may be an
exception to (b); there appear to be no excep-
tions to (2) and (c).

It should be emphasized that high entry pres-
sure (c, above) is not synonymous with low
porosity or nonporosity, Some shales that form
trap barriers, for example, are more porous
than the adjacent reservoirs that contain the hy-
drocarbons. The size of the pores or the size
and shape of the connections between them.
not the amount of porosity, are the imponant
factors.

In order (o distinguish various types of traps.
we need Lo decide what the term “stratigraphic”
means. Should we limit ourselves to a “given
stratum” as suggested by Martin (1966), or is
the term broader? Stratigraphy has been de-
fined as:

“1. That branch of geology which treats of
the formation. composition. sequence, and cor-
relation of the stratified rocks as parts of the
earth’s crust. 2. That part of the descriptive ge-
ology of an ares or district that pertains to the
discrimination, character, thickness, sequer.ce,
age, and correlation of the rocks of the district.
(La Forge)” (Glossary of Geology and Re-
lated Sciences, Am. Geol. Inst., J. V. Howzell,
chm., 1957, p. 281)

“a The arrangement of strata, esp. as to
position and order of sequence.” (Webster's
New International Dictionary, Unabridged, 2nd
ed., 1956, p. 2491)

It seems clear from (hese definitions that
stratigraphy, and consequently stratigraphic, is
a broader term applying to sirata and not just
to a bed or group of beds that constitute a stra-
tum. Nor are there any restrictions in time rela-
tions between rocks that may be laterally or
vertically adjacent, Under this broader interpre-
tation, paleogeomorphic traps are kinds of
stratigraphic traps. In retrospect, one might
wish that another term—perhaps “permeability
trap"—had been proposed instead of strati-
g.raphlc trap. However, stratigraphic trap, or
“strat trap,” is so widely accepted and used that
an attempt to change to a more descriplive
term now probably would lead only to confu-
sion,

From the foregoing discussion it appears that
three basic kinds of traps exist—namely, struc-
tural, stratigraphic, and hydrodynamic—and
that there may be combinations of any two or
of all three kinds. The three basic kinds have a
reservoir bounded by a barrier with high
enough entry pressure to retain a commercially
producible volume of hydrocarbons. Each kind
also is in an isolated area of low potential, but
they differ as to what causes the isolation. In a
structural - trap, isolation results from local
structural deformation; in a stratigraphic trap it
results from a nonstructural lateral change in
entry pressure that creates the barriei; and in a
hydrodynamic trap it results from the rate of
water flow. Regional dip may be a component
of stratigraphic traps: change in regional ‘dip
(terracing) may be a component of hydrody-
NamjC traps.

Traps of all three categories may be filled to
capacity or be partially filled or may contain no
hydrocarbens. As a colleague of mine has put
I, “A trap is a trap, whether or not it has a
mouse in it” (W. C. Finch, personal com-

mun.). Those traps containing hydrocarbons *

might well be designated as structural, strati-
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graphic, or hydredynamic pools or accumula-
tions; those containing no hydrocarbons, as
potential hydrocarbon traps.

In classification of hydrocarbon accumula-
tions, the conditions that determined the pres-
ent location of the accumulation should be used
if they can be determined. Thus, a stratigraphi-
cally trapped pool (such as ap accumulation in
an isolated pod of sandstonc) which happens to
be located on a post-accumulation Jocal uplift
would be classified as a stratigraphic pool. If, in
contrast, accumulation occurred after the uplift
and hydrocarbons migrated inlo the trap be-
cause of its locally high structural position, the
controlling factor would be structure. In other
places, where accumulations were trapped due
to stratigraphic factors and later local uplift
completely or malerially shifted the position of
the accumulations within the rcservoir, the ac-
cumulations would be structural or combined
stratigraphic-structural.

In some cases, the relative times of accumu-
lation and structural growth will not be known.
If no attempt has been made to determine these
relative times, there is no basis for classification
and nope should be attempted. If an attemnpt
has been made but the results are inconclusive,
1 suggest either “structural(?)” or “strati-
graphic(?),” depending on which appears more
likely. This method allows a judgment based on
the weight of evidence available, but the “(?)”
alerts others to the uncertainties involved.

The present position of many pouls is the re-
sult of some combination of structure, stratig-
raphy, and hydrodynamics, and it seems appro-
priate, as previously suggested by others, that
these traps be designated as combinations. The
distinctions suggested by Sanders (1943), ap-
propriately expanded to include hydrodynamics,
would appear to provide a good basis for desip-
naling such combination traps. Certainly, the
relative importance of structural, stratigraphic,
and hydrodynamic factors needs to be recog-
nized and' clearly indizated.

Bases ForR STRATIGRAPHIC-TRAP
CLASSIFICATION

Bases that have becn suggested or used in de-
scribing or classifying stratigraphic traps in-
clude:

1. Time of trap formation, i.e., primary—u direct
product of the depositional environment—vs, secon-
dary—developed afler deposition and diapenesis of the
Teservoir; mainly unconformity traps,

2. Kind of reservoir 1ock, fe, clastic aml fencous vs,
chemical,

3. Kind of porosity, i.e., interparlicle vs. leached vs,
fracture,

4. Genesis of the reservoir rock, f.e., alluvial vs. bar
vs. dune, efc.

5. Relation to regional dip, ie, open—not depen-
dent on regiona] dip—vs. closed—where one boundary
tesults from regional dip.

6. Geometry of the reservoir rock, ie. shoestring
sands, erc.

7. The way the impermeable barrier formed, i.e., low
original permeability (deposition) vs. diagenetic plug-
ging of the reservoir pores by tar, clay, or mineral ce-
ment,

The real problem with siratigraphic-trap
classification is that it, like Topsy, has just
“growed.” Originally, differentiation of traps
was between structural and nonstructural. As
knowledge grew, more kinds of nonstructural
traps were recognized and attempts were made
fo fit them into preexisting broad subdivisions.

Probably the best-known classification is that
of Levorsen (1954), which is summarized
briefly below.

I. Primary stratigraphic traps—formed during the
deposition and/or diagenesis of the rock. These
inclnde
A. lenses and facies of clastic rocks
B. Lenses of volcanic rock
C, Stratigraphic traps in chemical rocks

1, Porous facies

2, Porous mound- or lens-shaped carbonate

masses

Secondary (unconformity) stratigraphic traps—
resulting from some stratigraphic anomaly or
variation that developed afier deposition and
diagenesis of the reservoir rock; almost everywhere
associated with unconformities. Traps above and
below the unconformities are included as sec-
ondary.

11

There are several inconsisiencies in this clas-
sification and its application. One is that Levor-
sen would include as primary many traps that
are wholly or in part of secondary diagenetic
origin. Examples are traps rasulting from sec-
ondary dolomitization or those due to cementa-
tion.

A second inconsistency is inclusion of strati-
graphic traps above and below unconformities
in the same category. Levorsen (1954, p. 239)
stated:

Traps bounded by an unconformily are broadly
classed as straligraphic, and they are also classed as

secondary stratigraphic because they are formed after
the lithification and diagenesis of the reservoir rock.

However, many traps above unconformities
have had no significan! lithification or diagen-
esis of the reservoir rock or the barrier that
overlies it, For many traps above unconformi-
ties, the unconformity merely provides part of
Ihe impermeable barrier, 1f the rock helow the
unconformity is sufliciently permeable and ex-
tends far enough updip, there is no trap. It is
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true that in some places the barrier may be a
former reservoir rock in which permeability
has heen reduced by diagenetic processes, but
more commonly the rock below the uncon-
formity was originally of low permeability and
has remained so. In many other traps above un-
conformities, relief on the erosional surface has
controlled where reservoir beds were deposited.

I believe the suppested classification of strati-
graphic traps will eliminate these inconsisten-
cies, Tn the succeeding discussion and in the
sugpested clagsification, primary emphasis has
heen placed on usability—i.e., will the group-
ings help in searching for new hydrocarbon ac-
cumulations, and is the suggested terminology
simple and descriptive enough to be accepted?

Extensive consideration was given first to use
of the time relations between barrier and reser-
voir as a first-order subdivision. Because the ex-
islence of a burrier above an oil or gas accumu-
lation is common to all traps, the relation of
the reservoir to the lateral barrier—which re-
stricts both updip and sideways movement of
the hydrocarbon out of the trap—would usu-
ully be the critical one.

Three simple relations are possible:

1. Barrier and reservoir formed at the same time;

2. Barrier formed befare the reservoir;
3. Barrier formed after the reservoir.

For such simple relations, a reservoir-barrier
basis for classification would have practical ad-
vantages in cxploring for stratigraphic traps. If
barrier and reservoir were formed at the same
lime, and thus were genctically related deposits,
they could be studied together as a genetic cou-
plet and a facics-“model” concept of alluvial,
deltaic, shallow-marine, or turbidite deposition
could be applied if the expected reservoirs were
sandstones. In contrast, different exploratory
concepts would be used (relation 2) where the
barrier formed before the reservoir, as where a

Gorden Ritlenhouse

youthful valley cut in shale was filled with
sand, or (relation 3) where the barrier formed
after the reservoir, as wherc a hill or an organic
reef was buried by mud or other sediment
which forms relatively impermeable rocks.

Many stratigraphic traps, however, have
more complex reservoir-barrier relations be-
caise different parts of the barrier formed at
diferent times. In addition to the three simple
relations, four combinations are required to sat-
isly all possihie relations, They are:

4. Barrier formed partly before and partly at the
same time as the reservoir;

5. Barrier formed partly after and partly at the same
time as the reservoir;

6. Barrier formed partly before and parlly after the
reservoir;

7. Barrier formed partly before, partly at the same
time, and parlly after the reservoir.

When these four combinations were ex-
plored, two scrious complicating factors were
found. The first is illustrated in Figure 1. If the
hydrocarbon column is short (Fig. 1A), the
barrier to lateral migration is entirely later, or
younger, than the reservoir (relation 3). In
contrast, if the hydrocarhon column is long
(Fig. 1B), the barrier is formed partly by the
post-unconformity shales, partly by the strati-
graphically younger limestone, and partly by
the stratigraphically older shale (relation 7). In
this and other cases, the length of the hydrocar-
bon column would determine the classification.
As a further complication, one might reason-
ably ask how a potential trap, one not contain-
ing any hydrocarbons, would be classified.

The second complicating factor is illustrated
by Figure 2. The hydrocarbons in the bar (Fig.
2A) deposited on an essentially horizontal un-
conformity surfacc are restrained from lateral
migration by genetically related open-marine
and lagoonal shales (relation 1). After tilting
(Fig. 2B), however, the rock below the uncon-

FiG. 1—Relation of ape of barrier to hydrocarbon column height. A. For short columns, barricr is formed
entirely by post-unconformity shales. B. For long columns, barrier is parlly post-unconformity shales, partly
pre-unconformity, post-reservoir limestone, end partly pre-unconformity, pre-reservoir shales.
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formity has become part of the barrier (rela-
tion 4). Had the pre-unconformity rock been
sufficiently permeable, the trap capacity would
have been reduced. In this and other cases, re-
gional tilting would determine the classification.
These two complications were among the
factors that led to rejection of time relations
between barrier and reservoir as a basis for
stratipraphic-trap classification.

SvGGESTED CLASSIFICATION

What I now believe to be the best classifica-
tion system wuses some, but not all, of
Levorsen’s ideas. I suggest starting with the
simple concept that stratigraphic traps are ei-
ther adjacent to unconformities or they are not.
Those traps in contact with unconformities?
can be below the unconformity surface, above
it, or both. For traps not adjacent to uncon-
formities, either (I) the reservoir and barrier
both may be primary (dcpositional), or (II)
the reservoir or the barrier may be wholly or in
part secondary (diagenetic). Most of the pri-
mary traps not related to unconformities con-
sist of genetic juxtapasitions of coarse and fine
(very high- and low-permeability) sediments;
consequently, I sugpest that they be designated
“facies-change traps.” This designation will
help to distinguish them from traps adjacent to
unconformities (classes III and IV) that also
have primary (depositional) reservoirs but
commonly have one or more boundaries not
genetically related. Four major classes are each
split into two subclasses as shown in Table 1,
and these subclasses are subdivided further as
shown in Table 2.

®The term “unconformity” is defined (AGI Glossary
of Geology and Related Sciences, 1957, p. 308) as
"A surface of erosion or nondeposition—usually the
former—that separates younger strata from older
rocks.” “Unconformity” as used herein would not
refer 10 a depositional break or hiatus of assumed
minor duration (a diastem) during which erosional
modification of the surfuce was minor.
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F16, 2—Diagrammatic cross sections of barrier bar

showing control of accumulati
shales before regional {ilting
lated shales and pre-unconfo
regional tilting (B).

on by facies-related
(A) and by facies-re-
rmily limestones afier

I. Facies-Change Traps

_ The suggested first-order subdivision of fa-
cies-change traps is based on the depositional
origin of the reservoir rock, i.e., whether signif-
icant transport of particles by currents has oc-
curred. “Current-transported” thus would im-
ply mechanical transportation of particles or
fragments of the reservoir rock to the site of
deposition by water or wind currents, The min-
eral composition of the grains would not be
critical, they could be quartz, feldspar, rock
fragments, skeletal or nonskeletal carbonate
particles, volcanic glass, or some combination
of these. Some carbonate rocks in which traps
occur thus would be in this current-transported
category. “Not current-transported” would im-

ply litle or no transportation of particles, or
movement due to gravity only.

Table 1. Major Subdivisions in Proposed Stratigraphic-Trap Classification

1. Facies-change traps {A
Not adjucent B
I}
unconformities! 11 Diagenetic traps {A
Stratigraphic] B
traps
(N1, Traps below [A
Adjacent 1B
18]
unconformitiese IV, Traps above IIA
B

V. Trups below and above

. Current-transported reservoir rock

. Reservoir rock not current-transpocted

. Change of nonreservoir ta rescrvolr soch:

. Change of reservair 10 nonreservoir rock

. Seul ubove unconformity

. Scul below unconformity

. Reservoir location unconformity-controlied

. Reservoir location not unconformirycontroljed (transgressive)

e
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Table 2. Suggested Stratigraphic-
Trap Classification

Not Adjacent to Unconformities
1. Facies-change traps
A. Current-transported reservoir rock
-1, Eolian
4, Dune (coastal, inland)
b. Eolian-gheet
Alluvial-fan
, Alluvial-valley
a, Braided-stream
b, Channel-fil
¢, Point-bar
. Dellaic (lacustrine, bay)
a. Distributary-mouth bar
b. Deltaic-sheet
c. Distributary channel-fill
d. Finger-bar
Nondeltaic coastal (lacustrine, bay)
a, Beach
b. Barriet-bar
.¢. Spit, hook, etc.
d. Tidal.delta
e. Tidal-flat
Shallow-marine
a. Tidal-bar
b, Tidal-bar belt
c. Sand-belt
d. Washover
e, Shelf-edge
f. Shallow-winnowed-crestal
g Shallow-winnowed-flank
h. Shallow-turbidite
7. Deep-marine
2. Marine-fan
b, Deep-turbidite
¢. Deep-winnowed-crestal
d. Decp-winnowed-flank
B. Reservoir rock not current-transported
1. Gravity
a., Slump
2. Biogenic carbonate
a. Straligraphic reef
1. Shelf-margin
2, Mound (patch-reef, mud, algal, efc.)
b, Blanket (crinoidal, tidal-fat, lagoonal, ezc.)
II. Diagenetic traps
A. Nonreservolr to reservoir rock
1, Replacement (and leached)
a. Dolomitized shell-margin
b. Dolomitized mound (patch-reef, mud, algal, erc,)
c. Dolomitized blanket (crinoidal, tidal-flat, erc.)
d. Dolomitized current-transported deposit (facies or
lithologic type)
2, Leached
a. Leached shell-margin
b. Leached mound (patch-reef, mud, algal, efc.)
c. Leached blanket (crinoidal, tidal-flat, efc,)
d, Leached current-transported deposit (fucies or litho-
logle type)
3. Brecciated
4, Fractured (lithologic Lype)
B, Resetvoir to nonreservoir rock
1, Compuciion
a. Physical compaction
b. Chemical compaction
2, Cementation
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Adjacent to Unconformities
I, Traps below unconformities
A. Seal above unconformity
1, Topography young
a, Valiey-flank
b. Vailey-shoulder
2, Topogruphy mature
a. Crestal
b. Dip-siope

Table 2, (Continued)

¢ Escarpment
d. Valley
3. Topography old
a. Beveled
B. Scal below unconformity
I. Mineral gement (anhydrite, calcite, ere.)
2, Tar-seal
3. Weathering product (wenthered-feldspar, wenathered-
tuff, etc.)
IV, Traps above unconformities
A. Reservoir location unconformity-controlled
1. Two sides
a, Valley-fil}
b. Canyon-fill
c. Blowout.fill
2, One side (buttress)
a. Lake-ciff
b, Coastal-cliff (fault-coastal-cliff)
¢ Valley-side (lault--valley-side)
d, Hill-flank (fringing-reel, mound, blanket, efc.)
e. Structure-flank {Mringing-reef, mound, blanket, efc).
B. Reservoir location not unconformity-controlled (trans-
gressive)
Facies terms followed by (unconformity) or (unconformity)
where applicable (See text for explanation,)
V. Traps below and above unconflormities

A second-order subdivision of current-trans-
ported reservoir rock can be made on the basis
of depositional process or environment, a third-
order subdivision on type or location of de-
posit, and a fourth-order subdivision, if needed,
on lithology. Thus, under the “facies-change,
current-transported” category (Table 1, class
IA), one possibility would be a trap in which
the reservoir rock is a shallow-marine (second
order) tidal-bar belt (third order) of oolitic li-
thology (fourth order), which would be called
an “oolitic tidal-bar-belt trap” (Table 2, class
A6b). Facies change, current transport, and
shallow-marine conditions would be implied.

Many of the suggested terms are in common
usage and require no definitions or explanation.
For others, additional comments appear desir-
able.

It is recognized that additional subdivisions
will be required as our knowledge of sedimen-
tary rocks and stratigraphic traps in them in-
creases, We know much more about deltaic and
interdeltaic deposits, for example, than about
shallow- and deep-marine accumulations,
largely because of the availability for detailed
study of modern counterparts. Subdivision of
such sedimentary complexes as alluvial fans,
tidal deltas, and marine fans may prove desir-
able if many stratigraphic traps are found in
them, It seems advisable to propose a frame-
work in which such subdivisions can be made
later as needed,

1t is also recognized that inclusion of some
terms, particularly dune and eolian sheet, in the
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[acies-change calepory is questionable, becausc
such bodies probably would be deposited most
commonly on unconformity surfaces. Also,
where dunes or eolian sheets are deposited dur-
ing regressions and thus are not unconformity-
refated, the overlying units usually would not
be genetically related,

Dellaic and nondeltaic coastal deposition oc-
curs at or near a land-water interface. This inter-
face may be between the land and a lake, bay, la-
goon, estuary, or the ocean. Making a distinc-
tion between these types of interfaces may be
important in searching for stratigraphic traps.
The “(lacustrine, bay)™ following both deltaic
and nondeltaic coastal in Table 2 means that
these terms should be included in the description
where appropriate. Because most deltaic and
nondellaic coastal stratigraphic traps will prob-
ably be in deposits near the land-ocean interface,
it is proposed that this be inferred and that no
prefix be used.

Explanations of some of the terms used in
the facies-change category in Table 2 are given
below.

Aba. Tidal har—Present-day examples described and
illustrated by Off (1963).

Afb, Tidal-bar belt—Separated from other tidal bars
by formation at a major slope break where tidal cur-
rents are concentrated by embayments (Ball, 1967),

Aéc. Sund bel-—Controlled by a major slope break,
but without concentration of tidal currents (Ball,
1967). Diflers in position from shelf-edge sands by be-
ing built up on the platform edge rather than accumu-
lating at or below the break in slope. At Cat Cay, the
example cited in the Bahamas by Ball, the carbonale
sand 1s of local origin,

A6d.  Washover deposi—Composcd of  debris
washed aver and accumulated behind barriers, reels, or
low islands. Composed commonly of carbonate sand or
coarser debris,

Afc. Shelf-edge deposit—A sand-body type postu-
lated by Rich (1951). Probably cansed by relative low-
ering of sea level and transport of preexisting sand-
sized shelf sediments scaward to and over the shelf
edpe (Fig. 3). Lehner (1969, p. 2469) used the terms
“foreset beds” and “spillover beds” for sediments of
Wisconsin age on the Texas shelf edge.

A6f, ATc. Winnowed-cresial deposit—Would result
from winnowing of the fines from a coarse-fine particle
admixture on the crest of a growing dome or anticline
(Fig. 4).

Aobg, A7d. Winnowed-flank deposit—Would be duc
to similar winpowing, but hy stronger currents that
would remove the sand or shell debris from the crest

F16. 3—S8and body formed at edge of shell owing to
relative lowering of sea level.

F16. 4—Accumulation of sand over growing structure,
as result of winnowing,

and deposit it on one or more flanks (Fig. 5). It is
possible thal winnowed deposits might occur also in
other environments. If so, thal environment may be
used as a prefix.

A6h, ATb. Shallow and deep turbidites—Types sepa-
rated at 600-ft (100 fm) water depth, shallow turbi-
dites being on the shelf (or in Jakes or bays) and decp
turbidiles at greater depths.

ATa, ATb. Marine fan and deep turbidite—Types
separaled on the basis of position, the marine fans be-
ing al a break in slope where velocities are reduced
(thus being submarine equivalents of alluvial fans;
Nelson et al, 1970), and he deep turbidites filling de-
pressions on the slope (Lehner, 1969) or covering ba-
sin or ocean floors.

Bla. Slump deposi—Would result from mass move-
ment of sund bodies, usually shelf-edge and associated
sands, down submarine slopes (Lehner, 1969). Talus
adjacent to a carhonate buildup also would be a slump
accumulation, but, because of the close association
with other facies in such buildups, such talus is in-
cluded with the buildup rather than being designated a
type of slump.

B2, Biogenic carbonate deposit—Non-current-trans-
ported carbonate rocks that originally had commercial
porosity and permeability and have retained it. Some
diagenetic enhancement may have occurred, but jt is
not critical to making the rock a reservoir. Actually,
there may be few traps in this category, because most
traps in carbonate rocks owe a critical part of their
parasity and permeability to diagenetic processes.

Although some excellent ideas on carbonate-
rock and porosity classification have been ad-
vanced in the past decade (Ham, 1962 Cho-
quetic and Pray, 1970), they do not appear to
provide a suitable basis for classification of

Fi6. S—Accumulation of sand over flank of
ing structure as result of winnowing and Jateral trans-
port of sand,

grow-
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stratigraphic traps. I propose that non-current-
transported carbonate rocks in which traps oc-
cur be considered as either “stratigraphic reefs”
as defined by Dunham (1970) or “blankets”
(buildups vs. sheets), and that stratigraphic
reefs be subdivided into “shelf margins” and
“mounds.” The shelf margins would be elon-
gate or arcuate and would separate facies of
different types on the two sides; mounds would
tend to be equidimensional, usually would be
surrounded on all sides by the same facics
(whether all lagoonal or all ‘open marine), and
might or might not have marginal and interior
facies of the same type. This facies differentia-
tion is a modification of that suggested by
Heckel (1970), and I believe it can be useful in
exploration.

The position of shelf margins may be inher-
ited from preexisting topography or structure,
or it may result from the buildup itself. Al-
though such large carbonate buildups as the
Central Basio platform or the Bahama Banks
might be considered oversized mounds or be
placed in a separate category, I suggest classify-
ing their edges as shelf margins.

Stratigraphic reefs large enough to contain
commercial accumulations of hydrocarbons
will almost everywhere be combinations (com-
plexes) of carbonate types, both laterally and
vertically. The proportion of organisms having
the potential to build wave-resistant structures
may vary widely. In initial exploration for, and
attempts to find extensions of, shelf-margin ac-
cumulations, the type of carbonate and its wave
resistance normally will be of less importance
than determining the position of the margin
and the lacation of highs on it. Even where dia-
genetic processes have formed the porosity, the
conditions that allow these processes to operate
probably will be more important than the car-
bonate types. For example, whether exposure
permitted vadose leaching may be more signifi-
cant than whether the carbonate was a bound-
stone or an early-cemented packstone. In con-
frast, in exploring for mounds, and particularly
in searching for other mounds after the first has
been discovered, the type of sediment or organ-
isms may be relatively more important. For
thesc reasons, 1 suggest that some modifying
terms be used for mounds but have no sugges-
tions at this time for meaningful subdivisions of
shelf margins.

The term “blanket” is suggested for sheetlike
non—current-transported carbonate  deposits.*

*Biostrome, a widely used term, is a type of blanket
deposit with a lurge skeletal component.

Gordon Rittenhouse

Blankets may have no close association with a
buildup or may be associated with one. For ex-
ample, a landward traverse across an elongate
buildup might show the shelf margin flanked
scaward by a blanket and l.ndward by a con-
tinuous or discontinuous band of washover or
other current-transported carbonate sediment.
These bodies might grade Inndward into blan-
kets of lagoonal and tidal-fl:t deposits. To dis-
tinguish different kinds of blankets, subdivision
is suggested on the basis of dominant environ-
ment (tidal flat, lagoonal, efc.} and/or compo-
nents (crinoidal, pelletal, etc.).

II. Diagenetic Traps

Diagenetic traps not associated with uncon-
formities may be formed during or soon after
deposition or after considerable burial and per-
haps afier extensive lithification. They may oc-
cur either (A) where a nonreservoir rock has
been changed to a reservoir rock and the unal-
tered or less extensively altered nonreservoir
rock serves as an upper and/or a lateral bar-
rier, or (B) where a reservoir rock has been
changed partly to a nonreservoir rock and the
altered part forms all or part of the barrier.

At least four processes—replacement, leach-
ing, brecciation, and fracturing—can produce a
reservoir rock from a nonreservoir rock. Re-
placement and leaching both require movement
of water, but the effects differ. Both may oper-
ate concurrently., In replacement, the moving
water brings with it dissolved mattcr which, un-
der the prevailing surface or subsurface tem-
perature and pressure, reacts with the preexist-
ing rock. If new minerals of greater density and
lesser volume are formed, new pore space may
be created. Actually, rearrangement of existing
pore space may be more important than crea-
tion of new pores because of volume decrease.
For example, replacement in a porous but
slightly permeablc calcareous mud may result
in larger pores and larger connections between
them. Leaching that occurs concurrently with
the replacement may further enhance porosity
and permeability. Local, and in some places re-
gional, dolomitization of limestones forms most
such “replacement” traps.®

®The diagenetic changes during dolomitization may
be complex. Dolomitization of a calcareonus mud or
wackestone first might selectively change a nonreser-
voir rock to a reservoir rock; continued dolomitization
might reduce thc porosily and change part of that
reservoir tock 1o nonreservoir rock, Where this has
happened, it may be difficult to determine whether
the remaining reservoir rock should be classified under

replacernent or cementation, or whether a combination
of both is involved,
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In contrast, the major effect of the moving
water may be as a solvent—to dissolve and
carry away the rock or certain parts of it.
Where the solution involves selective removal
of some constituents of the nonreservoir rock,
intergranular, oomoldic, or other types of fab-
ric-selective  porosity may result (Choquette
and Pray, 1970). However, where the solution
of the nonreservoir rock is nonselective, vugu-
jar, channel, or cavern porosity may form, Un-
altered or Iess aliered rocks above, lateral to,
and in places stratigraphically below the reser-
voir prevent updip hydrocarbon migration,
Where solution is at or near an unconformity
and the seal is at least partially post-uncon-
formity in age, the trap would be unconform-
jtv-related. In contrast, where the seal is not as-
sociated with the unconformity surface, the
trap would be in the diagenetic catepory even
though water that formed it may have moved
downward or laterally from an erosion surface.

1t is not meant to imply that the nonreservoir
rock is completely devoid of porosity or perme-
ability beforc replacement or leaching. In car-
honate rocks particularly, fractures, differences
in facies, and/or differential cementation may
control the transmissibility of the rock to wa-
ters or the effectiveness of these waters in pro-
cucing diagenetic changes.

Brecciated reservoirs also may result from
solution, where such solution removes carbon-
ale, anhydrite, or salt from large enough areas
to permit collapse and brecciation of interbed-
ded or overlying rocks. Mounds or other topo-
graphic features that penetrate upward into the
solution zones may accentuate the brecciation.

Fractured reservoirs, in contrast, would be
fectonic in origin but would not be the result of
local structural deformation, The lateral termi-
nation of the fracturing may be due to change
In subregional stresses or to change in rock
ductility to a less easily fractured rock—i.e.,
from dolomite to Timesfone, or from cherty to
less cherty rock. The overlying barrier also
would be a less easily fractured rock.

Diagenetic changes of a reservoir-type rock
'0 a barrier may result from compaction or ce-
mentation, or a combination of both. Compac-
lon may be either physical—as where rela-
tvely ductile, usually lithic grains are plasti-
cally deformed and squeczed into the adjacent
Pore: space by the weight of overburden—or
chemical—as” where part of the rock is re-
maved by solution. Such solution may occur at
g?ﬁ’z:* h(')f contz.mcl between quartz,. _cherl, or

ard grains, or along stylolitic seams.

Local redeposition of material so dissolved may
reduce the amount of pore space still more.
Somie lateral variation in original grain size or
compasition usually wonld be required to allow
formation of such barriers, They would be
formed at depth, and, consequently, any rela-
tion to unconformities would be coincidental.

Cementation may reduce the pore space se-
lectively in some parts of a reservoir rock but
not in others, This cementation may be pene-
contemporaneous, or it may occur at depth
where compaction waters moving upward or
meteoric waters moving downward reach a crit-
ical temperature and/or pressure.

III, Traps Below Unconformities

Impermeable beds above unconformities
form part or all of the barrier to vertical or lat-
eral migration of hydrocarbons from many
stratigraphic traps that occur below uncon-
formities, However, for some traps below un-
conformities, part or all of the barrier is
formed by diagenetic processes that are uncon-
formity-dependent. Some barriers of this latter
type, such as tar seals, may be just below the
unconformity surface; others, such as those re-
sulting from pore filling by mineral cements,
may extend a considerable distance downdip.
Because of its importance in exploration, differ-
entiation of post-unconformity (depositional)
seals from unconformity-related (diagenetic)
scals seems desirable.

I suggest that the nondiagenetic traps below
unconformities be differentiated on the basis of
maturity of the unconformity surface, i.e.,
whether the erosional surface was in a young,
mature, or old stage when buried. Exploration
methods for the different types will differ.

In the young stage, narrow, steep-sided val-
leys are eroded into flat or gently dipping
strata, some of which could be reservoirs. If
these valleys are filled or partially filled later
with relatively impermeable sediments, and
some tilting occurs, the impermeable valley de-
posits could become a barrier to updip hydro-
carbon migration. If the reservoir rock abuts
only against the valley side, the impermeable
bed ahove it will form part of the barrier, and
only later deposition of relatively impermeable
beds in the valley adjacent o the reservoir rock
is needed to prevent updip migration. Such
“valley-flank” traps (Fig. 6) may be differenti-
ated from ‘valley-shoulder” traps, where the
reservoir rock formed part of the surface of
low relief into which the valley was trenched
and where nonreservoir beds were deposited
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Flg, 6—Valley-flank accumulation against imperme-
able sediments filling youthful valley.

both laterally in the valley and on the low-relief
surface above (Fig. 7).

If the vnconformity surface is mature, the
reservoir rocks may occupy topographically
high, intermediate, or low positions, as shown
in Figure B. Those topographically high—in-
cluding hills, cuestas, and mesas—may be
termed “crestal.” Those that are intermediate—
i.c., having less resistance to erosion than non-
reservoir rocks that form the topographic highs
—may be termed “dip-slope” or “escarpment”
deposits. Those topographically low may be
designated “valley” deposits. It seems probable
that many stratigraphic traps in fractured and/
or weathered igneous rocks would be in the
“crestal” class.

For traps below old-age surfaces of slight to-
pographic relief. thz lerm “beveled” is sug-
gested, because dipping beds have been trun-
cated by an erosion surface of lesser slope. In
exploration for the “young” and “mature”
classes of traps. the application of geomorphic
concepts as advocated by Martin (1966) and
others mav be very useful; however, far “hev-
eled™ traps below unconformities, other explo-
ration methods are required.

In classification of stratigraphic traps, what
role should lithology or the primary or secon-
dary origin of the porosity or permeability play
when the seal is above the unconformitv—i.e..
“post-unconformity™? Tt ordinarily will be
known from downdip penetrations of the sec-
tion whether the porosity and permeability are
primary. (Stratigraphic reefs may be an excep-
tion 10 this generalization.) The existence of
widespread secondary porosity, as from dolom-
itizationn. generally will be known elso. In
these cases. the location of the subcrop and the

Fig. “—Vallesshoulder  aecumulation against im-
permeable sediments both in valley and on low-relief
surface to right,

Fic. 8—Accumulations in crestal (A), valley (B),
escarpment (C), and dip-slope (D) positions below
mature erosion surface,

topographic expression of the porous and
permeable beds should be determined.

In contrast, diagenetic processes related to
the unconformity which produce or enhance
porosity and/or permeability at and near the
unconformity may be significant in exploration.
Also, fracture belts of subregional extent (not
associated with Jocal structure) which traverse
the arezs of interest may be of exploratory sig-
nificance, particularly if rocks of different li-
thologies fracture to different extents. It seems
desirable, therefore, to prefix a diagenetic or
lithologic-diagenetic  descriptive term where
local secondary porosity and/or permeability
development is important, Thus, for example,
we might have “fractured igncous—crestal,”
“leached oolite—valley,” or “leached subgray-
wacke-dip-slope” traps. In my opinion, such
word descriptions are far better than a com-
bined numerical-alphabetical or decimal system
that would require frequent reference to a mas-
ter code, though such a system might be more
desirable for computer usage. Even so, this
compound-word terminology may prove too
cumbersome and, if so. may have to be aban-
doned in favor of written supplementary de-
scriptions,

Other unconformity-dependent  diagenetic
processes mav decrease rather than increase po-
rosity and/or permeability; thus, the perme-
ability of what was once a reservoir rock may
be reduced sufficiently to make it a barrier to
hydrocarbon migration. This change may occur
in three ways: (1) by introduction and local-
ized deposition of mineral cements such as an-
hvdrite. carbanate, or silica: (2) by conversion
of oil to tar: and (31 by weathering of feldspar
or other materials to clay minerals. Recognition
of such diagenetiv burriers may be important in
exploration because (1) accumulations may be
downdip from the more ohvious post-uncon-
formity barrier, und (2) accumulations may be
present where sundstones or other reservoir-
type beds overlie the unconformity, Thus, traps
with diagenetic seals are separated from traps
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Fic. 9—Valley-fill (or canyon-fill) accumulation.

with seals above the unconformity. Those traps
in which the seal is formed by deposition of
mineral cements may be designated by the
pore-filling minerals, of which the more com-
mon is probably anhydrite; those by degrada-
tion of oil, as tar seals; and those by weather-
ing, by the original mineral or rock name—
such as “weathered feldspar,” “weathered lithic
sandstone,” or “weathered tuff.”

1V. Traps Above Unconformities

Unconformity surfaces with considerable
local relief may control the distribution of po-
tential reservoir rocks. In contrast, unconformi-
ties with slight local relief may exert little, if
any, control on the distribution of potential res-
ervoir beds above them. Factors controlling sea
leve] or regional subsidence may be much more
important. This control or lack of it is sug-
gested as a basis for classifying stratigraphic
iraps above unconformities. Exploration meth-
ods uscd to locate traps of the two kinds would
differ.

The unconformity-controlled traps may be
subdivided further on the basis of extent of
control of the reservoir by the unconformity, In
vouthful valleys or submarine canyons, the po-
tential reservoir rock may extend without inter-
ruption from one side of the valley or ¢anyon
to the other—i.e., the reservoir is limited on
two sides (and commonly its base) by rela-
tively impermeable rocks below the uncon-
formity surface. For such traps the terms ‘val-
ley-fill” and “canyon-fill” (Fig. 9) are sug-
gested. Although no examples are known,
“blowout-fill” traps (Fig. 10), formed by sand
deposition in wind-eroded depressions, should
be included in this category.

_ Other unconformity-controlled reservoirs are
limited on only one side by the unconformity,

Fio. 12—Valley-side accumulation.

and the other boundary is a facies-related rock
of low permeability, This category of traps in-
cludes what Levorsen (1954) and others have
called “buttress sands,” as well as some Jow-re-
lief organic buildups. The unconformity sur-
face against which the reservoir terminates may
be a lake or coastal cliff, the side of a valley, an
isolated hill, or an eroded structural uplift, The
suggested designations for such traps are “lake-
cliff,” “coastal-clifi” (Fig. 11), “valley-side”
(Fig. 12), “hill-flank” (Fig. 13), and “struc-
ture-flank” (Fig. 14) traps. McCubbin (1969)
showed good examples of coastal-cliff traps.

If the reservoir rock is mot current-trans-
ported, an appropriate modifying term can be
used in conjunction with the unconformity
ferm. Such accumulations are probably re-
stricted to “hill-flank™ and “structure-flank”™ po-
sitions and might be fringing reefs, mounds, or
blankets. The crinoidal mound on the flank of
an eroded Ordovician fold in the Todd field
(Levorsen, 1954, Fig. 6-26, p. 215) is a good
illustration of a carbonate reservoir rock in
which the unconformity is an important trap-
ping factor. Most stratigraphic reefs, although
initiated in hill-flank or structure-flank or other

Flg, 10—Blowout-ill accumulation.

Fic. 14—Structure-flank accunulation.
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positions on unconformily surfaces, normally
would grow so high that the part abutting the
unconformity would form only a minor part of
the trap, even if tilting occurred later, There-
fore, most stratigraphic-reef traps would not be
included in this category.

It is possible that fault scarps may control
post-fault distribution of reservoir rocks and
also form one boundary of some traps. How
should such traps be classified?

The scarps may be inland and, if so, may
control, or partially control, the drainage sys-
tem and be modified by river erosion; they may
be at the coastline and may control the location
of the land-water interface and be modified by
wave erosion; or they may be submarine and
not modified. The inland and coastal fault
scarps are associated with unconformities; thus,
they might be considered special types of “val-
ley-side” or “coastal-cliff” unconformity traps
to which the prefix “fault” would be added.
Although the submarine fault scarps might not
be associated with unconformities, T suggest that
they be included here rather than be put in a
separate class that would have only one repre-
sentative. The suggested designation is “sub-
marine fault-flank trap.”

Actually, there may be so few traps in these
fault categories that including them in a strati-
graphic-trap classification may be academic.
Usually, continued growth or later reactivation
of the faults would control the location of the
hydrocarbon accumulations or create new bar-
rier-to-reservoir relations. Therefore, the trap
would be structural rather than stratigraphic.
Only if the hydrocarbons migrated into the trap
hefore reactivation of the fault, and if the loca-
tion of the accumulation in the trap were not
medified subslantially, could the trap be consid-
ered stratigraphic.

Nearly all {raps above unconformity surfaces
with essentially no relief resutt from transgres-
sion, and the distribution of reservoir rocks is
conirolled by factors other than the relief on
the unconformity surface. It seems likely that
such traps will be mainly of coastal or shallow-
marine origin. The alluvial, deltaic, and deep-
marinc types commonly will not be adjacent
to such low-relief unconformities. Except for
same carbonate rocks, reservoir heds deposited
during regression normally will be separated
from the unconformity surface by nonreservoir
rocks.

What we are really concerned with here is a
kind of facies trap in which the reservoir body
is deposited directly on a surface of uncon-

formity rather than on sediments of nearly the
same age. Theoretically, if the reservoirs are
bars or other deposits with considerable relief,
it may make no difference whether the rock be-
low the unconformity is permeable or im-
permeable to hydrocarbons. because the hydro-
carbons would have no contact with it (Fig.
2A). The unconformity is unimportant. Explo-
ration methods used for locating such traps
would be the same as these used in searching
for facies traps,

In contrast, for low-relief deposits such as
beach sands, or for those higher relief deposits
which have been tilted, the permeability of the
rocks underlying the unconformity may be crit-
ical in determining whether a trap exists and/
or how large it is. Location of such traps re-
quires exploration methods used for facies traps
combined with other methods that will provide
the required information on the permeability
and attitude of the rocks below the unconform-
ity.

What terminology should be used for traps
above unconformities of essentially no relief?
Should a distinction be made, and a different
terminology be used, for traps where the un-
conformity does or does not form a part of the
barrier to updip or sideways migration? To an-
swer the second question first, T suggest that a
distinction be made where possible but, for
practical reasons, no complicating separate ter-
minology be used. Tt seems probable that there
will be few traps where the unconformity is un-
important, and that those which do exist will
have limited capacity. Regional tilting of even
half a degree in the right direction would make
the permeability of rocks below the uncon-
formity significant for bars or other deposits a
mile or more in Jength, Of equal or greater im-
portance, however, is the fact that, in searching
for traps above unconformities of essentially no
relief, one would wish to know in advance
whether the unconformity might be a limiting
factor., Consequently, exploration methods used
for facies traps would have to be suppleniented
with others that would provide the required in-
formation on the permeability and attitude of
the rocks below the unconformity.

For traps above unconformity surfaces of es-
sentially no relief, it is suggested that the ap-
propriate facies-trap term be followed by “un-
conformity™ in parentheses, If the permeability
of the rocks below the unconformity is, or may
be, critical to the existence or size of the trap,
the word “unconformity” would be underlined
or italicized; if demonstrubly not critical, “un-
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conformity™ would not be underlined or itali-
cized. Thus, the designation might be “barrier-
bar (unconformity)” or “barrier-bar (uncon-
formity).”

V. Traps Below and Above Unconformities

Where a connection exists between reservoir
rocks that overlie and underlie an unconform-
ity, the hydrocarbon column may bridge that
unconformity. Although both the seal and the
reservoir may be in part above the unconform-
ity, 2 major part of the accumulation may be
below it. For such pools, a dual terminology that
describes both reservoirs seems desirable. Thus,
in a valley-side-plus-escarpment trap, most of
the hydrocarbon is below the unconformity. The
order would be determined by the relative vol-
unte of hydrocarbons in each type of reservoir—
that with the lesser volume being first.

COMBINATION STRATIGRAPHIC TRAPS

Most stratigraphic traps above unconformi-
tics involve a combination of facies and uncon-
formities, and thus might be considered combi-
nation stratigraphic traps, Facies also may con-
trol the lateral extent of some diagenetic traps
and traps below unconformities. In the diage-
netic traps, however, this facies control is usu-
ally closely related to the operation of the dia-
genetic process that changes nonreservoir to
reservoir rock or reservoir to nonreservoir
rock, Replacement, solution, fracturing, or
tompaction that resull in traps occur preferen-
tially in some facies, Therefore, a combination
terminology does not seem necessary for diage-
netic traps, In contrast, where solution, fractur-
ing. and possibly replacement have produced or
enhanced porosity and/or permeability below
unconformities, a diagenetic or diagenetic-
lithologic terminology seems desirable, as pro-
posed in the preceding section of this paper.

For traps below unconformities, a combined
term may be desirable where facies control the
lateral extent of the trap. The appropriate facies
term might be added in parentheses. Thus,
where a barrier bar has been truncated, the des-
ignation might be “beveled (barrier-bar) trap.”
_ Should traps occurring at the updip intersec-
tion of two unconformitics be considered as
combinations? The dual-unconformity relations
may be of two kinds—one in which the reser-
voIr lies helow both unconformities and one in
which it is between them. In the first type, ex-
emplified by the West Edmond pool, Oklahoma
(Levorsen, 1954, p- 243, 623), a diflerent di-

rection of regional tilting between the earlier
and later periods of erosion resulted in the res-
ervoir extending farther updip at the intersec-
tion. No separate terminology for traps of this
type seems necessary.

In the second type, the lower unconformity
will be significant only if it controls the location
of reservoir rocks deposited on it. Where the
location of reservoir rocks is controlled by the
older unconformity, truncation of these beds
and later deposition of an impermeable bed
above would form the trap and determine its
location, The original unconformity-controlled
distribution is modified by the later erosion. It
is suggested that, for this relation, “truncated”
be prefixed to the appropriate term for the trap
above an unconformity; “truncated” rather than
“beveled” is suggested, because the upper un-
conformity surface may have more relief than
is implied by beveling.

DiscussioN

The classification of stratigraphic traps sug-
gested here appears to eliminate some of the in-
consistencies in systems used previously. The
number of factors involved in stratigraphic
trapping is large, however, and their relative
importance may vary in diflerent traps. Conse-
quently, no classification method can be com-
pletely definitive without having a very large
number of subclasses—a number approaching,
if not equal to, the total mumber of strati-
graphic traps. Therefore, a compromise is nec-
essary. As a result, some traps will fit neatly
into classification pigeonholes and otbers will
not.

The suggested classification represents such a
compromise, proposing few enough subdivi-
sions to be acceptable. Furthermore, because
the purpose of a stratigraphic-trap classification
is economic—to help in finding (and develop-
ing) hyvdrocarbon accumulations—those fac-
tors that 1 believe will help in searching for
such accumulations have been emphasized.
Others may disagree with my emphasis. If,
however, this paper stimulates thought about
trapping factors, their relative importance, and
their implications regarding exploration meth-
ods, it will have served a useful purpose.
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