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STRUCTURAL TRAPS i‘l

Traps that are formed chiefly as a .' O eadily Jacsiod b -.d
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VHAPN«-URNERAL AND NTRUCTURAL [CHAPTER 6] 245

Fiaukke &7 Secrion through the Vallerza oil field, northern lialy, showing the
turface occupied by a syncline, which overlies a recurmbent fold of Eocene
and Oligocene formations, Ol production occurs ar the solid circles and
gas ar the harchured circles. This is an exireme example of an overturned
fold forming a trap, |Redrawn from Reeves, Bull, Amer. Assoc. Peirol

!/ Geal., Vol. 37, p. 612, Fig. 4 (1953), from section by Grieg.)

Changes with Depth. Many folds and other structures change in shape,

size, of lmg:litudr-, or shift their position laterally, in passing from the surface
or’shallow depths doWn 1o the reservoir rock. Fclfa%g at the surface or at
:hnllﬂﬁ'ﬁﬂ_pﬂl“lrm:m always a reliable guide in searching for petro-
leum pools that are trapped in reservoif rocks at great depths; for it frequently
does not parallel the deeper folding. Seismic mapping in advance of drilling,
applied w the prospective reservoir rock or o some fdrmation close to i1,
may show the decp structure to be completely out of harmony with the known
shallow structure. Or & test well located on the crest of a surface fold may

/

FIGURE 6-8 /

Diagrammatic sketches show- B tevel durem
ing the gain or loss of siruc-

tural clogure and the shift in

position of the crest of u Jold

when projected through con-

verging straia. The fold has

the same amplitude in all pro- -
files. Black triangles mark the

crest of the structure in dif-

Jerent positions, [
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maiions shown.

find no evidence of folding at the level of the resery [
doubt is thrown on the accuracy of the data, and e measurements or
o necessanly due o the ]:mm qualit}' of the Ethm l'd ﬂhmgﬂ. I:I'f
the well records; they are sometimes due to actual downwa

structure. Many discrepancies between shallow and deep struciu ruhlhll blcf
loretold, but some can be anﬁcip:ﬂed, or at least SHEEH"-"‘] =P &
the geoiogic history of the repion is knbwn.

The discrepangjes between g:he shallow and the deep folding, and thercfore
in the ‘-'--ﬂﬁit_;:.'nn of the pool, may result from various causes, such as (1) cf:n-
vergence of the intervening strata; (2) repeated folding; (3) parallel folding;
(4) discordant and diapiric folding; (5) buried hills, anticlines, or fault
vlocks; (6) asymmetric folding; (7) shallow and surface weathering phenom-
cna—deposition, solution, 1Iump“:'i:g; (8) prﬂ-ﬁnt:nnfm“ﬂﬁlj" deformation; (9)
overnding thrust faults; (10) displaced pool.

Convergence of the Intervening Strata. Where the strata between a shal-
low or surface formation and the reservoir rock are converging regionally,’”
tlhr.' a.!r:FP folding on the reservoir rock may _bn Glpﬂﬁ!d to shift its crest with
depth in'the direction of the l:ﬂn\l'crm. and mhmﬂ,tﬁm

the amount of structural closure with respect to sea
direction of r:giuna] dip compared with &Mz’&m’ on the
cxample, a fold that is mapped Halﬂm“'it'ﬁm - ol
dome at the reservoir, or a fold mapn .-:IIII:: i de 25 e 2 _

closure at depth and therefore not be .ml#Jﬂ%mm lose jts
how the structure may :hlng,: w"ﬂhiﬁ- BENES  pieaio )

amount of deformation j same B oeR
strata . Im..“r m iq MIH 4
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arions are of l'q‘-ll
thickness. In A the farrfl:::::
aré thinning in “’"_ lflr e
af the steep-dip nde e
fold, and the crest of £ 200
shifts in the :irr::f;;ﬂ ;g .
ing. In B e
:n:fng joward the low-dip

side of the 'ﬂ}rmmelrfcai fold,
and the erest of th

¢ fold shifrs
in the direction O

{ thinning.

mation. Where a competent reservoir rock is overlain by a great thlcllif:-:
of soft, incompetent rocks, there may be a great discrepancy betweth t]:l# &
Ing at the surface or at shallow depths and the folding on the ,"‘_":ml-r o t
Conspicuous examples are some of the anticlinal folde containing the grea
oil pools of the Middle East. (See the cross section in Fig. 6-12.) The compe-
tent Asmari limestone reservoir rock (Miocene and Oligocenc) is m’_cﬂ’in by
a series of interbedded evaporites and shales, which are =ttrm|¢ljr'mcumpe:
tent and whose deformation is entirely discordant with that of the Aman
limestone. Similar relations are found in the foothill belt of the C*"P“’“““"
where the oil pools gccur in flysch sediments of Cretaceous-to-Oligocene age,
and in the Polish oil fields. Here the oil is trapped in folds that are completely
out of harmony with those in the shallower formations,™ and the shallow
structure gives little help to one who is trying to predict the deep structure.
Where the incompetent formations wunderlie the competent formations, a
different kind of fold develops—one characterized by a central core of older,
incompetent materizl, which has been squeezed or injected up through the
crest of an anticline. Such folds, which are called diapir folds or piercemes
folds (see Fig. 6-13), are common in Europe in Aquitaine (:[rp#"' hiz
region and ingth: LISSR in the Caucasus.®? 73 ke =
The fold through which the upderlying material is extruded is :

tightly compressed and has vertical or nearly vertical dips near its axis, Whm

the extruded material is salt, as it commonly is in Romania, these structures
are sometimes called “salt anticlipes.” Where the extruded material is

they sometimes form mud volcanoes and mud fAows. {5“ 'ﬁﬁl‘ii szgd;a
lw ‘I'Iilld bE=t=t M L3 3

Other injected material includes sands and clays, anh and
bitumen or asphalt. The oil associated with diapir fﬂlﬁngh 3 SRS I
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ricune 6-16 Section XX’ of Figure 3-10 through the slumped section
from solution of the underlying salt formations. Dips at the sur

meaningless in interpreting the deep siructure in areas such ar this. A

the location of the Hendrick pool produting from the Permian limesiont
reef complex shown as BB’ in Figure 3-10, B ir the location of rhe line @F
sand pools shown as AA' in Figure 3-10; and C is typical of the pre- Permies

and pre-Pennsylvanian anticlines that contain pools in Devomian. Silurian. |

and Ordovician formations. This section is typical of the geologic g |
tions that occur in the province of western Tezas and southearterh New |
Mexico shown in Figure 3-10, p. 73. [Redrawn from West Texas Geol

Soc. (1949).]
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THE REsunvory

Pth in the strayi
whereay the superficial
foldy are probably .,

1

ills™ were actually not hills or topographic highs when
| "1".;-5--'.-'_ g deposited. They may appear from casual
pen &t one time clevated areas around which the sed.
into domes, but they are frequently, in fact, merely
lity. When the beds arc flattencd out and placed

| (see Fig. 6-14), the hills vanish. Many are buried

| and left little or no topographic relief w0 he
: _‘ on, and were later refolded along with
 consist of a topographic high, a bioherm, or organic
ﬂw such material as a sand or gravel,
- _'_mtlfﬂldmnhmi:dhiﬂmm
ments in the stratigraphic section, the folding may

ompaction around the edges of the hill, where
i_‘ﬁn“lﬂp of the hill, where the shales are

FIGURE G6-18
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riaune 619  Section acrosn the Apache pool, Oklahoma, showing (1) produchion
from a trap thar is an overturned anticline, and (1) an example of a wide
discordance berween the sirutiure of the shallow and that af the deep |or-
mations., The area distribution of the pre-Permian rocks below the uncon-
formiry Is shown in Figure 13-12, page 805, and the structure of the
Hromide sand iz shown in Figure 6-3, page 241, [Redrown from V. C

Scorr, Bull. Amer, Assoc. Petrol. Geol,, Vol 29, p. 101, ig. 1]

thinner, This would cause the overlying sediments 10 drape over the edges of
the hill and thereby form a dome or anticline. It is difficult to see how this
folding could extend vertically much beyond the immediate overlying and
surrounding shale formations, for disgenesis would be expected 10 lithlfy and
solidify the clays into shales, and crosion woulld probably bevel off any up-
lifted sreas, so that later formations would be of uniform thickness and

would consequently compact n%ﬂll!.
+ 2. The hill may have localized later folding in the region. This localization

verlying sediments to dip as much as 30° awdy from
the center or core of the hill.* mﬁlWhm is caused by a buried
o e cxpected Lo localite later folding and caust & (ol
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This is a multiple-pay field with the traps formed by an anticline mmfm
masked by flar-lying Permian and Triassic formations. 15'1';_;'; frairg
Kent, in The Science of Petroleum, Oxford University Press i A

6, Part 1, p. 58, Fig. 2]

FIGURE 6-20 Section through the Eakring oil field, Nottin

The presence of a buried hill can be revealed by an isopach map showing
the interval between the surface of unconformity and the first marker bed
above it. In some places, as shown in Figure 6-14, B (where dd-is as thick as
ec’), little or no evidence is found of any appreciable topographic relief on
surfaces of unconformity, The topographic relief is shown, as in Figure
6-14, A, as the difference between aa’ and bb’. Buried hills, as the cause of
folding by compaction and draping over the sides, have probably been over-
emphasized. I seems more maﬁnulhh to regard many of the folds associated
with such buried ropographic features as due chiefly to normal folding proc-
csses that were localized by the irregularities in the rocks, such as folds, faults,
imtial dips, and igneous intrusions,
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FIGURE 6-24

A, trap formed by inlerzec-
. fien of a low fold with a nor-
! mal fault; B, trap formed by

' infersection of a normal fauli
with a more acure fold (Ar-
rows show direction of dip.)

ul; from either one, or they may nullify

R

e

wn di atically in Figure 6-15.
' Wherever highly soluble
within the zone of circulating
e is often completely at varance
of salt and other evaporites may throw
‘mass of high dips, irregular folds, and
“in relation to the decper structurc.
ng. and collapse, for example, occur
ure is ecntirely unrelated to that of













