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ABSTRACT 
The Balize Delta in Plaquemines Parish, Louisiana and the preceding six Recent deltas offer models for subsur

face interpretation. Nannoplankton counts were made from 65 bottom samples from the shelf area of the Gulf of 
Mexico off Louisiana. This work indicated a correlation between surface salinity and nannoplankton counts. In the 
subsurface, an ecology of outer middle neritic (water depth approximately 120 feet) or deeper accompanied by low 
(less than 5,000 per slide) nannofossil counts indicates a deltaic environment. Several examples of nannofossil 
counts as applied to subsurface deltaic interpretation are given. Emphasis is placed on the Miocene Cristellaria "I" 
Hollywood and Krumbhaar sands which were deposited by programing deltas. The major hydrocarbon reserves at 
the Hollywood and Houma Fields are attributed to thick prodelta shale (low nannofossil counts) prior to sand 
deposition. This thick shale triggered faults and diapiric structures which were timed perfectly for receiving the 
early migrating hydrocarbons. 

The Hollywood and Krumbhaar deltas prograded over the thick shale depositing distributary-mouth bar sands. 
Accumulation in the Krumbhaar sand at the Hollywood and Houma Fields was controlled by the lenticular nature 
of the distributary-mouth bar sand. Distributary-mouth bar sand "E" contains most of the reserves discovered to 
date in the Krumbhaar sand. Perfectly timed structure, faulting and lenticular deltaic sand are responsible for this 
geographic concentration of hydrocarbons in a sand covering an area of 50 by 100 miles. 

The Krumbhaar sand was deposited by two distinct and separate deltas. The deltaic environmental setting for 
hydrocarbon accumulation in the Houma Embayment area compares favorably with a similar Oligocene 
Vicksburg-Frio delta in Jefferson County, Texas. Deltaic information obtained from this study may serve as a 
subsurface model for discovering large reserves hidden by subtle deltaic traps. 

This paper i l lustrates the value and importance of nan-
nofossils in subsurface deltaic interpretat ions. Nannofos-
sils can be used to identify a subsurface delta, differentiate 
between prodelta and mar ine shale, and furnish addit ional 
correlation markers from counts and extinction levels. 
Undiscovered hydrocarbons in the Gulf Coast area will be 
found in structures associated with deltaic distributary-
mouth bar sands and similar deltaic deposits. This paper 
may serve as one model for discovering the remaining oil 
and gas in these very subtle deltaic t raps . 

The Balize (bird-foot) Delta in Plaquemines Par ish , Loui
s i ana and the preceding six Recent deltas (past 7,000 years) 
offer models for subsurface deltaic interpretation. Exten
sive coring by the Coastal Studies Inst i tute and others 
indicates the geographic distribution of seven deltas 
shown in Figure 1. This figure used in conjunction with 
m a n y strike sections across each delta lobe aids in differen
t ia t ing shallow water from deeper water deltas. Deltas 1 
through 5 cover large areas and their distr ibutary-mouth 
bar sands generally do not exceed 100 feet in thickness. 
These five deltas prograded into relatively shallow water 
result ing in thin overall depositional units. Deltas 6 and 7 
are deeper water deltas which prograded over outer shelf 
(water depth of 300 feet) environments . In Delta 7 (Balize), 
a maximum section of 600 feet including distributary-
mouth bar sands was deposited in the pas t 400 years. The 
four main distr ibutaries of this delta cover an area of 22 by 
31 miles. This delta h a s rapidly prograded 22 miles sea
ward. The deeper water Balize and Plaquemines Deltas are 
smaller because of the greater water depths tha t h a d to be 
infilled before sand deposition could move seaward. Busch 
of Oil and Gas Consul tants In ternat ional (personal com
munication), te rms this process a "Transi t ional Marine 
Envi ronment" where a fresh water system progrades into a 
mar ine environment . 

Figure 1. Recent deltas of the Mississippi River (modified from Kolb 
and Van Lopik, 1958) 
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Recent deltas, (modified from Kolb and Lopik, 1958). 
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Some other interesting facts about deltas are evident 
from Figure 1. Deltas 1 and 4 show the greater degree of 
transgression. Coquina-like lime has been reported from 
the transgressed area of Delta 4. It is possible that this lime 
will eventually form an excellent electric log resistivity 
marker. This would be similar to those electric log markers 
in the subsurface which cap distributary-mouth bar sands 
and can be traced over the entire area of an ancient delta. 
Carbon 14 data indicate the time of regression and subse
quent transgression or delta destructive phase for each 
delta. The chart by Kolb and Van Lopik (1958), (Fig. 2), 
suggests that a period of 100 to 350 years is required for a 
delta to shift from one geographic area to another. 

Plotted on Figure 1 is line B-B' which shows the separa
tion between low and normal surface salinity. This line 
approximates water depths of 120 feet on the continental 
shelf off the coast of Louisiana. Near the Balize Delta, line 
B-B' bulges south of the 600-foot water depth contour. This 
bulge results from the fresh river water moving over the 
more dense saline Gulf water. Normal salinity is encroach
ing on the outer edge of the St. Bernard Delta. This explains 
higher nannofossil counts just above some sands in the 
subsurface. A minor marine transgression may produce a 
thin (30-foot) interval with a high nannofossil count above 
a deltaic sand. 

Figure 3 presents a hypothetical section through three 
overlapping deltas. Although this is schematic, coring has 
verified the units shown. The various deltaic units can be 
identified by nannofossil counts. 

Environment 
Marine 

Prodelta Shale 

Deltaic Sand 
(Distributary-mouth bar 
or barrier bar types) 

Marsh and Swamp 
Deposits 

Nannofossil Response 
or Other 
Identifying Method 

Nannofossil counts greater 
than 5,000 specimens per 
slide estimated. 

Nannofossil counts less 
than 5,000 specimens and 
generally below 1,000 per 
slide estimated. 

Barren of nannofossils un
less sand has thin shale 
streaks. Counts are low, 
similar to prodelta shale. 
Net sand isopach maps can 
differentiate distributary-
mouth bar sands from bar
rier bar sands. (Former iso-
pachs are perpendicular 
to coast, latter isopachs 
parallel the coast). 

Barren of nannofossils un
less marsh is invaded by 
salt water resulting in low 
nannofossil counts. Lith-
ology such as increased 
lignite and pyrite may aid 
in identifying this environ
ment. 

OUcr '". ''A iiylhi'll'i ' ' '" 
Vertical 
Section 

Figure 3. Nannofossil counts in a delta complex (modified from 
Coleman and Gagliano, 1964). 

Figure 3 illustrates how high nannofossil counts may 
cap a deltaic sand if a marine transgression occurred 
before another delta prograded seaward. 

The terms rare, frequent, common and abundant have 
been used in paleontological work to indicate relative 
number of foraminifera in a sample. In 1969, a more objec
tive counting method was devised for nannofossil work. 
The method is semiquantitative and gives estimated 
counts per slide. It was designed for use with varying mag

nifications using a standard slide area of 22 to 40 mm. 
(cover glass area). The statistical validity of counts 
depends upon an even spread of the sample on a slide. In a 
prodelta shale, one nannofossil per 40mm. traverse is not 
uncommon. In a marine shale, the counts can reach magni
tudes of 500,000 per slide and a field count method must be 
used to conserve examination time. 

The following general formulas were used in obtaining 
the estimated nannofossil counts per slide: 

Low Count Slides (one or two nannofossils per traverse) 
Count in one traverse X number traverse per slide = 
Total estimated count for slide. 

Medium Count Slides (about 10 nannofossils in one-
fourth traverse) Count in one-fourth X four X traverse 
per slide = Total estimated count per slide. 

High Count Slides (10 or more nannofossils in one field) 
Count in several random fields X number of fields per 
traverse X number of traverses per slide = Total esti
mated count per slide. 

In practical work, a paleontologist can usually judge the 
quantity of nannofossils on a slide after checking several 
fields. These general formulas allow for varying magnifi
cations and different types of microscopes. The final count 
is expressed in estimated numbers per slide to allow for 
those cases in which only one nannofossil is observed in 10 
or more traverses. 



In this counting method, two figures are recorded. The 
indigenous count of Miocene nannofossils plus the count of 
reworked Cretaceous forms. In the Tertiary of South Loui
siana and in the present Gulf of Mexico, samples show 
varying numbers of reworked Cretaceous forms which are 
so distinct there is rarely any problem in differentiating 
them from the indigenous forms. 

In correlation work, a plot of indigenous nannofossils 
with the reworked counts often shows correlation with 
nearby wells, but such count data must be used carefully in 
conjunction with key nannofossil and foraminiferal 
markers (extinction levels). These counts have been used 
successfully in correlating from the upthrown to down-
thrown sides of growth faults. They are also helpful in 
correlating off-structure and on-structure wells on salt 
domes. The two counts, indigenous and reworked, involve 
four possibilities useful in correlation: 

Reworked 
Indigenous Counts Cretaceous Counts 

1. Low High 
2. High Low 
3. High High 
4. Low Low 

The best correlation in local areas is obtained when the 
counts remain low/high for several hundred feet and then 
switch to high/low. A long deltaic section with monoto
nous low/low counts offers no correlations with the count 
method. 

The variations (low to high) in reworked Cretaceous 
counts is not fully understood. These forms are carried by 
the existing and ancestral Mississippi River from as far as 
Nebraska. They are deposited with the forms living in the 
Gulf of Mexico today. In the subsurface, some long deltaic 
sections have large reworked counts and low indigenous 
counts. Some marine sections show the reverse, with low 
reworked counts and high indigenous counts. At some 
large domal unconformities, high reworked counts have 
been observed, but the main problem is that no definite 
consistency exists for the reworked forms as that shown for 
the indigenous forms (prodelta - low, marine - high). 

Ellis and Lohman (1979) reported a possible correlation 
between rates of sedimentation and number of reworked 
nannofossil species, i.e., high sedimentation rate may pro
duce high reworked counts. In other cases, it is possible 
that a high rate of deltaic sedimentation could cause dilu
tion of reworked nannofossils. Another factor to consider is 
the variation in number of reworked Cretaceous forms 
being carried by a river at various geological times. 

Bottom samples were collected from the Gulf of Mexico in 
water depths from 40 to 600 feet. Figure 4 shows the loca
tion of collection stations. Samples were studied for forami
niferal ecology and for the quantitative distribution of 
nannoplankton on the continental shelf. Table 1 shows the 
results of the indigenous and reworked nannofossil counts; 
surface and bottom salinities are also shown. The map 
indicates that in shelf areas removed from the present 
Balize Delta, surface salinities approach normal at a water 

depth of approximately 120 feet (middle neritic). Shore
ward from this boundary line (B-B') bottom counts of nan
noplankton are low, ranging from barren to an estimated 
28,000 per slide. South of line B-B' (normal salinity) a dra
matic increase in nannoplankton occurs from 28,000 to 
over 100,000 specimens per slide. 

In the area of the Balize Delta, the counts are low due to 
the plume of turbid and fresh water which overrides the 
saline Gulf water. Fresh and turbid water inhibit nanno
plankton growth because they require normal salinity and 
light for maximum development. Nannoplankton bottom 
counts remain relatively low from the mouths of the river 
passes for a distance of 15 miles into water depths of at 
least 600 feet (shelf-slope). These count variations in the 
Gulf of Mexico suggest a similar application in the subsur
face in the interpretation of ancient deltas: 

WHERE NANNOFOSSIL COUNTS ARE LESS THAN 
APPROXIMATELY 5,000 per slide IN A MIDDLE 
NERITIC ENVIRONMENT (greater than 120 feet water 
depth), A SUBSURFACE DELTAIC UNIT IS INDI
CATED. Such a unit may be a prodelta shale, distributary-
mouth bar sand, barrier bar sand or a similar deltaic 
deposit. If the environment indicated by foraminifera is 
inner neritic to outer middle neritic (shore to 120 feet water 
depth), a deltaic unit cannot be postulated. In such cases, 
the low nannofossil counts may be caused by runoff (low 
surface salinity) rather than by a prograding delta. 

An example of the above rule is presented in Figure 5. 
This figure shows the electric log in the Cibicides opima to 
Amphistegina "B" interval (middle Miocene) in the Hum
ble LL & E Co. "EE" #1 well, located in Section 77, T-16-S, 
R-17-E, Lafourche Parish, Louisiana. Interpreted deltaic 
cycles are on the left, estimated counts show variations 
between marine and deltaic sediments, and ecologic zones 
on the right show water depth variations. 

Between 11,400 and 11,500 feet, a nannofossil count of 
16,800 per slide indicates marine sediments. From 11,375 to 
11,175 feet, the counts indicate a complete deltaic cycle 
from the underlying prodelta shale, to the higher count, 
capping transgressive marine shale (Deltaic Cycle No. 1). 
The counts at 11,200 feet of 4,480 per slide suggest that the 
subsided delta was still under the influence of surface salin
ity slightly lower than normal. Subsidence of the delta is 
indicated by increased water depths between 11,000 and 
11,200 feet. Increased counts in this interval indicate more 
marine conditions. 

Sand No. 1 is a distributary-mouth bar sand deposited in 
a middle neritic environment. Fisk's work (1961) in the 
Balize Delta indicates that water depths must be less than 
150 feet before a distributary-mouth bar sand can be depos
ited. Sands numbered 2 and 3 represent later progradations 
of the delta. This section (10,400 to 10,920 feet) contains low 
estimated nannofossil counts. The slight increase in speci
mens to 1,260 at 10,420 feet may indicate a capping trans
gressive marine shale, but it is not as prominent as the one 
in Deltaic Cycle No. 1. The varying ecologies shown in the 
graph are interpreted as variations between rates of subsi
dence and sedimentation. 

Figure 6 shows the nannofossil counts from two wells 
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Figure 4. Map showing location of bottom sample and salinity stations (See Table No. 1). 

approximately 110 miles apart. Counts in the Rabbit 
Island Field well all exceed 11,200 per slide reflecting a 
stable marine environment during middle Miocene. The 
ecology from foraminifera ranges from outer neritic to 
bathyal. A 350-foot sand near the total depth of the well 
contained a high nannofossil count. This sand is inter
preted as a possible shelf edge slump deposit as defined by 
Coleman and Prior (1980) in the Balize Delta. As deltas of 
Cibicides opima age were located north of the Rabbit 
Island Field, a slump sand is the logical explanation for 
this high nannofossil count deposit. 

On the right side of Figure 6, a well from Lake Washing
ton Field illustrates the effect of an updip delta resulting in 
generally low nannofossil counts. The ecology from Cris-
tellaria " I " horizon to Cibicides opima interval is bathyal. 
The low nannofossil counts (except for four samples) sug
gest a continuous flow of fresh surface water from the delta. 
Sands 1-7 are probably subaqueous slump deposits from 
updip middle Miocene deltas. Sand No. 2 was deposited on 
a high nannofossil count marine shale and Sand No. 3 
occurs between two high count marine shales. These high 
nannofossil count shales probably represent brief periods 
when the delta switched to other areas. 

In comparing these two widely separated wells, one fact 
may explain the large difference in nannofossil counts. 
The position of the shelf-slope boundary moved about six 
miles south in the Rabbit Island Field area from Cibicides 
opima time to Cristellaria " I " time. North of Lake 
Washington Field area, the shelf-slope moved about 22 
miles seaward during this same period. The river expended 
the load of silt and clay in this area resulting in a broader 
continental shelf. Figure 6 illustrates the bottom ecology 
(water depths) obtained from foraminifera compared with 
surface ecology (fresh or marine surface water) determined 
from nannofossils. 

Figure 7 illustrates the use of Miocene and reworked 
Cretaceous nannofossils in correlating across a large 
growth fault. The Texaco St. Mary Land #21 well pene
trated 1,550 feet of Robulus "L" section on the upthrown 
side of a large growth fault. Four miles downdip and across 
the large fault, the Texaco S.L. 5045 #1 penetrated an 
expanded Robulus "L" section of 6,700 feet. In the St. Mary 
Land #21, reworked Cretaceous counts increased from 
2,240 per slide at 12,520 feet to 56,000 per slide at 12,610 feet. 
These high reworked counts persisted for 700 feet to the 
Robulus 54-B horizon (Operculinoides Age). In the downdip 
S.L. 5045 #1 well this reworked horizon was noted at a 
depth of 17,920 feet. Counts increased from 7,840 per slide 



E s t i m a t e d 
S t a t i o n E s t i m a t e d R e w o r k e d 
N u m b e r R e c e n t C r e t a c e o u s S t a t i o n 
S e i s m i c N a n n o p l a n k t o n N a n n o f o s s i l s N u m b e r Sur face B o t t o m 

G r a b C o u n t s per C o u n t s per Sa l in i ty S a l i n i t y S a l i n i t y 
S a m p l e s S l ide S l ide D a t a (ppt) (ppt) 

1 224,000 70 1 36.02 34.98 
2 459,200 140 2 36.13 34.97 
3 324,800 210 3 36.22 
4 212,800 140 4 15.21 
5 201,600 Rare 5 36.37 34.89 
6 414,400 70 6 33.80 
7 5,600 35 7 36.36 34.96 
8 3 0 8 34.20 
9 1,820 8,400 9 24.76 

10 4 10 10 10.93 36.44 
11 8,400 140 11 27.99 
12 9,800 280 12 30.70 
13 5,600 560 13 27.00 
14 4,200 280 14 15.05 36.49 
15 6,160 1,680 15 33.82 35.39 
16 700 35 16 36.30 35.21 
17 1,400 70 17 36.48 35.41 
18 10,080 2,240 18 26.00 
19 28,000 1,260 19 29.10 
20 44,800 70 20 25.1 
21 Rare Rare 21 36.17 35.77 
22 Rare Rare 22 36.53 36.55 
23 16,800 2,240 23 24.78 25.78 
24 0 0 24 33.79 33.79 
25 4 22,400 25 33.02 33.21 
26 Common Common 26 34.23 36.11 
27 Common Common 27 36.18 36.19 

28 3,080 420 
29 11,200 210 
30 22,400 840 
31 2,800 700 
32 28,000 1,050 
33 28,000 770 
34 235,000 700 
35 140,000 700 
36 1,610 490 
37 980 490 
38 5,600 5,600 
39 1,260 350 
40 448,000 1,400 
41 156,800 280 
42 145,600 420 
43 210 350 
44 11,200 560 
45 11,000 1,400 
46 896,000 420 
47 1,568,000 490 
48 1,484,000 280 
49 140 210 
50 2 210 
51 560 560 
52 630 420 
53 5,600 490 
54 22,400 280 
55 112,000 70 
56 50,400 3,920 
57 56,000 1,400 
58 35 2,590 
59 1,400 3,150 
60 1,000,000 210 
61 1,590,400 70 
62 604,800 910 
63 11,700 1,960 
64 24,640 Rare 
65 28,000 1,120 
66 112,000 20 

Table No. 1 Tabulation of sample and salinity stations shown in Figure 4. 



584 TRANSACTIONS-GULF COAST ASSOCIATION OF GEOLOGICAL SOCIETIES Volume XXXII, 1982 

H U M B L E 
N O . 1 L.L. & E. C o . ' E E ' 

S e c . 77 T 16 S - R .17 E 
L a f o u r c h e P a r i s h , L a . 

E C O L O G I C Z O N E S 

(By F o r a m i n i f e r a ) 

Estimated 
Nannofossil Counts/Slide 

90' Sample Intervals 
DEPTHS 

INNER 
NERITIC 
ZONE 2 

Shore to SO'W.D. 

MIDDLE 
NERITIC 
ZONE 3 

60' to 300'W.O. 

OUTER 
NERITIC 
ZONE 4 

300' to 600'W.D. 

DELTAIC 

CYCLE 

NO. 3 

DELTAIC 

CYCLE 

NO. 2 

MARINE 

SHALE 

DELTAIC 

CYCLE 

NO. 1 

MARINE 

SHALE 

1260 r -

SAHDL 

420 

420 

280 I 
— SAND) 

# 2 I 

15.800 

14,000 

CAPPING 

— i i « i i T R A N S G R E S S , v l 

— 4 , B MARINE SHALE/ 

SAND | 

_. . . . # M 
PRODELTA 

SHALE 

1610 

4200 

MARINE SHALE 

"18,800 

— 10400' 

DISTRIBUTARY 
M O U T H - B A R SAND 
— 10500' 

-10600' — S p h e n o l i t h u s 

h e t e r o m o r p h u s 

— 10700' 

— Cibicides 

-10800 ' ° p i m a f R a r e ) 
DISTRIBUTARY 

MOUTH-BAR SAND 

— 10900' 

— 11000' 
— — — C i b i c i d e s 

o p i m a 

— 11100' 'Common) 

— 11200' 

DISTRIBUTARY 
M O U T H - B A R SAND 
— 11300' 

— 11400' 

— 11500 'Amphis teg ina 'B 

H e l i c o s p h a e r a 

a m p l i a p e r t a 

SEDIMENTATION 
EQUALS 

SUBSIDENCE 

SUBSIDENCE 
> 

SEDIMENTATION 

SEDIMENTATION 

> 
SUBSIDENCE 

t 

SUBSIDENCE 
> 

SEDIMENTATION 

SEDIMENTATION 
> 

SUBSIDENCE 

. i SUBSIDENCE 

•fSEDMENTATION 

- ^ 

Figure 5. Nannofossll counts in a Miocene deltaic section. 
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Figure 6. A comparison of nannofossil counts in two wells. 
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(17,800 feet) to 16,800 per slide (17,920 feet). The high counts 
persisted to a depth of 21,210 feet. This count correlation 
furnished an excellent middle Robulus "L" time datum 
between the upthrown and down thrown wells. 

In Figure 7 a second nannofossil time horizon is shown 
as "Top Low Miocene Count". This marks the top of the 
lower Robulus "L" deltaic section. It was noted at 12,910 
feet in St Mary Land #21 and at 18,240 feet in the S.L. 5045 
#1 well. The large fault separating these wells was omitted 
to emphasize the continuity of deltaic sands. In basal 
Robulus "L", just above Robulus 54-B (Operculinoides), 
higher Miocene counts were noted. The indicated correla
tion is 12,420 feet (St. Mary Land #21) compared with 

~21,210 feet (S.L. 5045 #1). 

The Robulus 7 to the Robulus 9 sands are interpreted as 
progradations of the delta into middle and outer neritic 
shelf areas. In the updip well, one Robulus 9 sand is pre
sent. The subsiding fault block enabled the distributary to 
prograde seaward four times. Each progradation was fol
lowed by a retreat of the river to the upthrown fault block 
area. The distributary-mouth bar sand (Robulus 9-D) sub
sided and prodelta infill allowed the river to prograde sea
ward again depositing Robulus sands labeled 9-C, 9-B, and 
9-A. A similar process deposited the three Robulus 8 sands 
and two Robulus 7 sands. The four sands for Robulus 9, 
three for Robulus 8, and two for Robulus 7 suggest a rela
tionship between subsidence in the downthrown block and 
rates of deposition. The Robulus 6 distributary-mouth bar 
sand could not prograde to the location of the S.L. 5045 #1 
well because subsidence exceeded the ra te of 
sedimentation. 

The upper Robulus "L" section in Figure 7 contains pre
dominantly high Miocene nannofossil counts, reflecting 
marine environment in which subsidence exceeded sedi
mentation. The following counts were noted for the three 
Miocene sands: 

S a n d 
Miocene Count in 
St. Mary Land # 2 1 

Miocene Count in 
S. L. 5 0 4 5 #1 

4,480 (Above Sand) 
7,280 (Below Sand) 

5,600 (Above Sand) 
10,360 (Below Sand) 

5,040 (Below Sand) 

4,760 (In Sand) 
1,260 (Below Sand) 

33,600 (No Sand) 
Equivalent sha le 

22,300 (Average of four 
samples in sand) 

Figure 7. Dip section on the south flank of the Bayou Sale Field, St. 
Mary Parish, Louisiana. 

The delta depositing the Robulus 1 sand prograded to the 
S.L. 5045 #1 well. The Robulus 3 sand pinches out updip 
from the S.L. 5045 #1. Either a delta shift or subsidence 
exceeding sedimentation may explain the downdip 
absence of the Robulus 3 sand. The Robulus 5 sand can be 
interpreted in two ways. The Robulus 5 delta prograded to 
and beyond the S.L. 5045 #1 and deposited a distributary-
mouth bar sand. The Miocene counts of 22,300 in this sand 
support the alternate idea that this may be a shelf edge 
slump sand. The sand would have slumped from the updip 
Robulus 5 delta which prograded to or just beyond the St. 
Mary Land #21 well. 

The basal Robulus "L" and upper Operculinoides (Robu
lus 54-B) Miocene counts averaged about 5,000 per slide. 
There were count decreases at each of the four lower sands 
in S.L. 5045 # 1 indicating that these are distributary-
mouth bar sands. 
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Figure 8 shows the type log for the Houma Embayment 
used by Sloane (1966). The nannofossil counts added to 
Sloane's original figure were extrapolated from the Shell 
Antill #1, the Shell Realty Operator #23-B, and the Tide
water Southdown Sugars #14 wells. This type log clearly 
shows the deltaic sequence in the Houma Embayment. The 
Hollywood, Krumbhaar, and Bigenerina humblei sands 
are interpreted as distributary-mouth bar sands. These 
were deposited by seaward prograding distributaries 
which shallowed the water sufficiently to allow deposition 
at the ancient river mouths. 

The historical geology of the Houma Embayment is 
shown in Figure 9. This is a dip section of an initial phase 
delta in the Houma Embayment area, Terrebonne Parish, 
Louisiana. An initial phase delta is defined as the first 
delta which progrades into a newly constructed continen
tal shelf area. It can be identified by the first distributary-
mouth bar sands or barrier bar sands that overlie a thick 
inner bathyal environment. Low nannofossil count pro-
delta shale may separate these intitial deltaic sands from 
the thick slope deposits. 

In addition to the example of an initial phase delta pre
sented in this paper, many other examples exist. Halbouty 
and Barber (1961) attributed lower Frio sands in the Port 
Acres and Port Arthur Fields in Texas to prograding del
tas. The environmental setting described by these authors 
greatly resembles that of the Houma Embayment. I believe 
that the lower Frio sands (H ackberry) in the Port Acres and 
Port Arthur Fields represent another example of an initial 
phase delta. 

The Houma Embayment model in Figure 9 is based on 
three key wells. Just north of the embayment at the Chaca-
houla Field is the Texaco Lyric Realty and Parking #2 well 
in Section 13, T-16-S, R-15-E, Terrebonne Parish, Louisi
ana. This well is upthrown to the major embayment faults 
and penetrated thin Cristellaria " I " and Cibicides opima 
sections. Six miles south of the major embayment growth 
faults is the Shell Antill #1, Section 36, T-17-S, R-16-E, 
Humphreys Area, Terrebonne Parish, Louisiana. This well 
was drilled to a total depth of 19,000 feet and is one of the 
key wells in the embayment for unraveling the sequence of 
geologic and deltaic events. At a more southerly position in 
the embayment is the California Company Continental 
Land and Fur #9-1, Section 23, T-18-S, R-14-E, North Bayou 
Piquant, Terrebonne Parish, Louisiana. 

In his paper on the Houma Embayment, Sloane (1966) 
presents details on the genesis and structural history of 
this area. The detailed structure and paleostructure maps 
are most useful in understanding reasons for the restricted 
geographic concentration of reserves within the embay
ment. The following sequence of geologic events is depicted 
in Figure 9: 

1. In the Antill #1, a Cibicides opima section in excess 
of 5,150 feet attests to the large amount of loading and 
subsidence that created this embayment or depocenter. 
This section is interpreted as prodelta shale (low nanno
fossil counts) deposited by deltas of Cibicides opima age 
which prograded just south of the Chacahoula Field. 
Approximately 3,110 feet of the lower shale section was 
deposited in the inner bathyal zone. This is interpreted 
as slope infill extending the continental shelf seaward. 
This loading and subsidence resulted in the large 
embayment faults and structures caused by diapiric 
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Figure 8. Type log for the Houma Embayment. 

shale. The faults shown in.Figure 9 were active until 
Bigenerina humblei time. On Section A-A' the faults are 
not projected upward because the main emphasis is on 
historical and not structural geology. 

2. Environmental zone 3 and 4 (middle and outer 
neritic) in the upper Cibicides opima section in the Antill 
#1 indicate the level when a continental shelf was estab
lished. A lower and middle Cibicides opima age deltaic 
sand (A and B) is present in the Lyric Realty and Park
ing #2 but these two deltas did not prograde to the Antill 
#1. These two sands coupled with the upper Cibicides 
opima sand "C", expressed very poorly in the Antill #1 
(14,295 to 14,345 feet), represent initial phase deltas in 
the embayment. As defined previously, these were the 
first deltas to prograde seaward after the extension of 
the shelf by prodelta infill. 
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Figure 9. Dip section A-A' of an Initial phase delta in the Houma Embayment. 

3. A similar deltaic situation exists between the Antill 
#1 and the California Company #9-1 wells in lower Cris-
tellaria "I" time. The deltas which deposited sands "D" 
and "E" prograded to the Shell Antill #1. These two 
sands shale-out between the Antill #1 and the California 
Company #9-1 well. Sands "D" through "G" are consi
dered part of the Hollywood sand series of lower Cristel-
laria " I " age. Sand " F " consists of 40 feet of net sand 
with shale stringers separating each 10 foot sand. This 
may represent the very distal portion of delta "F" . A 
sample skip from 12,600 to 13,300 feet prevents an eco
logical zone determination. From 13,300 to 13,750 feet, 
the Miocene fauna is sparse and low.nannofossil counts 
were noted. This suggests that sedimentation began to 
exceed subsidence and resulted in water shallow enough 
(middle neritic) for deltas " F " and "G" to prograde 
beyond the California Company #9-1 well. High nanno-
fossil counts from 14,000 feet to total depth in this well 
indicate stable marine conditions removed from deltaic 
influence. 

4. »When delta "G" prograded seaward, a balance had 
been achieved between subsidence and sedimentation 
which enabled delta "G" to deposit a thicker Hollywood 
sand. Subsidence of this thick upper Hollywood sand 
"G" resulted in the transgressive marine Hollywood 
shale. High nannofossil counts and inner bathyal fora-
minifera verify the subsidence of the Hollywood sand 
"G" from water depths of approximately 150 to over 600 
feet. These transgressive units are referred to as delta 
destructive shale. 

5. A gradual reduction in water depths near the end of 
the Hollywood shale "H" deposition enabled the Krumb
haar deltas to prograde seaward. The loss of Krumbhaar 
sand between the California Company #9-1 and Antill 
#1 coincides with the typical sand-poor areas between 
distributary-mouth bar sands. 

6. Subsidence of the Krumbhaar deltas was followed by 
prodelta shale deposition during Bigenerina humblei 
time. At the top of the dip section is a Bigenerina humb-
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lei sand deposited by a prograding delta. 

Figure 10 is a net sand isopach map of the Cristelleria " I " 
Krumbhaar sand. This map defines the geographic area 
covered by Krumbhaar Deltas No. 1 and No. 2. The Mio
cene Krumbhaar sand occurs at the top of Cristellaria "I"'. 
In the area of Delta No. 1, a resistivity marker occurs about 
100 feet above the Krumbhaar sand. In Delta No. 2, the 
resistivity marker is at the top of the Krumbhaar sand. 
This was the basis used for designating Delta No. 1 older 
than Delta No. 2. Delta No. 1 prograded seaward and dis
tributaries E, F, and G deposited the Krumbhaar sand. The 
delta shifted eastward and distributaries A, B, C, and D 
deposited an equivalent Krumbhaar sand in the area 
shown as Delta No. 2. During this brief time interval, Delta 
No. 1 subsided and was capped by a high nannofossil count 
marine shale. Delta No. 1 and No. 2 were covered by a thin 
veneer of lime which forms an electric log resistivity 
marker. This lime is similar to the thin veneer of coquina 
now forming over the transgressed St. Bernard Delta. 

Delta No. 1 occupies the geographic area defined by 
Sloan (1966) as "The Houma Embayment". The net sand 
isopach map shows three major distributaries E, F, and G. 
The major Krumbhaar reserves are confined to the area of 
distributary E at the HoUywood-Houma Fields. Sloane's 
structure maps indicated that the Hollywood Field is a low 
relief, northward plunging, faulted nose. Sloane indicated 
that the critical faulting which traps the gas was active 
throughout the development of the embayment (Cibicides 
carstensi opima through Bigenerina humblei time). 

Paleostructure maps by Sloan (1966), (Fig. 11), indicate 
that the huge Orange Grove - Lake Hatch uplift was a 
prominent structure throughout embayment development. 
Sloane suggests that insufficient source rock may explain 
the absence of hydrocarbons on this large uplift. Another 
explanation is that the Orange Grove-Lake Hatch uplift is 
located in a separate Krumbhaar sand deposited by distrib
utary "F" . Early migrating hydrocarbons could have been 
lost by seepage on this large structure. 

Rgure 10. Net sand isopach map of the Cristellaria "I" Krumbhaar sand. 
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Figure 11. Krumbhaar Delta No. 1 imposed on Sloane's Cristellaria " I " paieostructure map. Arrows show migration paths. (Modified from 
Sloan, 1966). 
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A paleostructure map by Sloane at Bigenerina humblei 
time, (Fig. 11), indicates that the Hollywood, Houma and 
Bourg Fields were the lowest structures in the embayment. 
When Sloane's paleostructure map is overlain with the 
Krumbhaar Delta No. 1 map, migration paths become evi
dent in explaining the concentration of reserves at the 
Hollywood-Houma Fields. 

The Krumbhaar sand in Delta No. 1 and No. 2 covers a 
geographic area of 50 by 100 miles, and yet reserves to date 
are concentrated in an area 15 miles by 7 miles. This deltaic 
interpretation suggests that hydrocarbon concentration 
resulting from thick prodelta shale deposition caused struc
tures and faulting in the Houma Embayment area. Delta 
No. 2 lacked this loading mechanism and is therefore 
devoid of Krumbhaar reserves. Delta No. 1 has reserves 
concentrated in the distributary "E" area for reasons given 
above and others outlined by Sloane (timing and develop
ment of structures and faulting in the embayment). 

Krumbhaar Delta No. 2 is approximately 42 miles wide 
with distributaries A, B, C, and D prograding seaward and 
depositing the Krumbhaar sand as a distributary-mouth 
bar sand. Deposition of this delta occurred over a relatively 
stable continental shelf area which lacked active struc
tures to trap early migrating hydrocarbons. As indicated in 
Figure 6, the Krumbhaar sand has been identified in deep 
wells at Lake Washington Field. This field was located in a 
slope environment during Cristellaria " I " and Bigenerina 
humblei times. Distributary "A" mouth bar sand has been 
projected downdip on Figure 10 to the Lake Washington 
Field area. Distributary-mouth bar sands cannot be depos
ited in water depths greater than 150 feet, Fisk (1961), so 
the Krumbhaar sands in the Lake Washington area are 
interpreted as shelf edge slump deposits defined by Cole
man and Prior (1980) in the present Balize Mississippi 
River Delta. Downdip from Delta No. 1 and No. 2, an area is 
shown on Figure 10 where slump deposits from updip del
tas may have occurred. 

The following size and sand comparison is made between 
the subsurface Krumbhaar deltas and the seven Recent 
deltas of the Mississippi River. Deltas are arranged below 
in size from largest to smallest by width. 

Max. Width Approximate Maximum 
No. Based Delta Lobe Thickness of Sand 

on Size Delta Name in Miles in Feet 

1. St. Bernard 85 30 

2. Sale Cypremort 75 No information 
3. Krumbhaar Delta No. 1 60 190 in Distributary E 
4. Lafourche 55 75 in published cored sections 
5. Teche 50 30 in published cored sections 
6. Krumbhaar Delta No. 2 42 230 in Distributary D 
7. Balize (bird-foot) 34 200 in published cored sections 
8. Cocodrie 30 No information 
9. Plaquemines 25 No information 

The figure for maximum thickenss of distributary-mouth 
bar sands is very general. It was used to show the relation
ship which exists between sand thickness and depth of 
water into which the delta prograded. Krumbhaar Delta 
No. 2 and the Balize Delta are very similar in both size and 
sand thickness. Krumbhaar Delta No. 1 resembles the 
Lafourche Delta in size but has much thicker sands sug
gesting progradation into a deeper (outer neritic) environ
ment. Seaward progradation of the Recent shallow water 

deltas continued for about 1,000 to 1,500 years. Possibly the 
Krumbhaar deltas had a similar short geologic life. 

CONCLUSIONS 
On January 10, 1901, J . F. Lucas discovered the first 

major oil field on a salt dome at Spindletop, Jefferson 
• County, Texas. For 81 years, salt domes have served as 
subsurface beacons for oil. Since most salt domes in the 
Gulf Coast have been discovered, a new mechanism for 
locating petroleum reserves is needed. An extensive knowl
edge of deltas, present and ancient, may give geologists a 
new guide which can greatly reduce the area of search for 
needed reserves. 

The seven Recent deltas in South Louisiana clearly indi
cate a uniform process of sedimentation. Prodelta shale is 
deposited under fluvial conditions in a relatively shallow 
water environment. Distributary-mouth bar sand is depos
ited where fresh river water meets the saline Gulf water. 
Longshore currents may distribute this sand parallel to the 
coast forming barrier bars. Slumping may carry some of 
the deposited sands to greater water depths in the form of 
shelf edge slump sands. Deltaic sand is generally overlain 
by thick marsh deposits which probably provide source 
material for hydrocarbons. Subsidence of this entire del
taic unit results in a marine transgression which caps the 
delta with a coquina-like (electric log high resistivity) lithic 
unit. This deltaic cycle may result in 600 feet or more of 
section deposited within 1,300 years or less. 

In the subsurface, paleontologists have a tremendous 
challenge in discovering new time correlation techniques. 
Without time markers, subsurface deltaic geology is chao
tic. Can deltas that built seaward in only 1,500 years be 
correlated using key fossils which may occur in increments 
of a million years? There are available techniques which 
can overcome some of these dating problems. Electric log 
resistivity markers used in conjunction with foraminifera 
and nannofossil occurrences can aid in the extensive map
ping of a single sand such as the Krumbhaar. Many similar 
deltaic maps will be required before we can discover all of 
the clues which will eventually give geologists a deltaic 
beacon for new oil reserves. 
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