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INTRODUCT ION

Landmark Graphics had the opportunity to participate in a
joint interpretation project in the Ling Guo depression, China.
Those involved in the project included people from each of the
following groups: the Bureau of Geophysical Prospecting-
including the interpretation center, the Ren Qui 0il Field, the
Zhi Da University, and Landmark Graphics. The scope of the
project centered around the Landmark III workstation located in
the Zhi Da University, and included training, transfer of
technology, and demonstrating the use of a workstation in the
search for oil. Data available for the project came from each of
the participants and included regional gravity and magnetics, and
local well, seismic and velocity control. There were 51 seismic
lines used in this interpretation both on the work station and
paper plots. Dr. Brad Macurda was involved in the first two
weeks of the project helping set out the stratigraphic framework.

The project had originally been set to analyze the following
seven points: '
l) Differentiation of the volcanics and the
conglomerates
2 Extend the definition of the volcanics and the
conglomerates to the northeast
3) Study production from the volcanics in well 12
4) Understand why there were only oil shows in the sand
bodies in front of the fans
5) Identify the onlaps in the area
6) Unravel the heavily faulted Tertiary fault blocks on
top of the Buried Hills
7) Resolve the arquments about faults between the
Buried Hills.

Upon arrival in China the following 10 objectives were assigned
the team:
1) Determine the paleogeography of the Oligocene
2) Study the conglomerates within the Oligocene
3) Map the thickness and changes in the conglomerates
4) Study changes in the porosity of the conglomerates
5) Identify sources and extent of the volcanics
6) Find high porosity zones in the volcanics
7) Look for top and bottom metamorphism associated with
the volcanics
8) Determine the time of the igneous intrusions
9) Study faults in the conglomerates and volcanics
10) Identify potential hydrocarbon traps.



The project took almost 4 months to complete and was presented to
" the 0il Fields on July 7, 1987.

REGIONAL GEOLOGY

The Ling Guo depression is located just south of Beijing in
the Bohai Basin. This area is part of the Eastern China oil and
gas province that has some of China's largest fields. This area,
the Eastern China Platform, has been under the influence of the
tensional stresses as the Pacific Plate has been subducted under
the Eurasia Plate. The Bohai Basin is part of one of two
generalized spreading zones found in Eastern China that trends
from the Songliao Basin, through the Bohai Gulf Basin, down to
the Beibu Gulf Basin. The other zone passes through the East
China Sea and influences the eastern offshore China Basins. (Li,
1986)

The Bohai Basin is a pull-apart, rift basin that has formed
half-grabens in the paleozoics. These "Buried Hill" structures
have provided a significant amount of oil, and form the primary
reservoirs for many of the big pools. Mr. Li Desheng describes
four cycles of rifting and subsidence, but of main interest to
this paper is his third stage, during the Paleocene and Eocene.
He labels this as the 5th episode of the Yanshan orogeny that
developed until the Oligocene depression, which he sets as the
first episode of the Himalayan orogeny. The Oligocene depression
period contains the infill of conglomerates that make up the
Shahijie formation (hereafter referred to as the Sha formation).
These conglomerates were the main objective of this project and
their stratigraphy will be discussed later. After deposition of
the Sha, there was a period of uplift and erosion, with the next
period of deposition being the Neogene river deposits which sit
unconformably on the Sha. Present day alluvium consists of sands
and conglomerates, not that much unlike the rocks seen in the
cores taken from the Sha, except that the Sha appears to have
been a lake deposit versus the present day alluvial fans and
braided river systems.

I was most impressed with the number, and quality of cores
taken in this area. Most of the wells had been cored, and the
cores covered not only the intervals of potential production, but
shales, tight sands, volcanics, and areas needed for pure
scientific study. Then very detailed analysis had been done on
each core and tabulated for easy use by the geologists that
needed the information. I had the opportunity to go to the 0il
Field and review four of the cores and found the descriptions to
be accurate and reliable. The visit also left me with a greater
understanding of the Geology involved. My findings from the
cores will only be generalized here, but there were several
things which stood out in each of the cores that will help the
reader to grasp the rest of the stratigraphy a little better.

Each of the conglomerates showed similar characteristics,



namely: 1) They were clast supported with a mudstone matrix. 2)
There was poor sorting with little or no obvious grading. 3) The
clasts were usually sub-rounded to rounded although there were
many clasts that were angular with minor rounding. 4) The clasts
from the deeper (older) conglomerates were sourced by the younger
surfas paleozoic limestones with the younger conglomerates being
sourced by the older Cambrian, and Pre-Cambrian rocks. 5) There
was a noticeable lack of fossils in the shales or surrounding
units. 6) The matrix was predominately mudstone and the shales
were organic rich and showed the potential for good source rock.
8) Many of the shales were sitting at up to 30 degrees dip to the
lower and upper beds/ and well bore.

Each of the conglomerates had a scour base that usually had
1l to 3 cm of fine grain sand with some small pebbles that
preceded the massive conglomerates. There were some flame
structures at the base, but no other obvious features consistent
throughout. Clast size ranged from coarse sand to small
boulders/cobbles with no obvious sorting.

Of special interest in the cores were several igneous bodies
that have bothered the seismic interpreters. These volcanics
were apparently low temperature intrusives, very homogeneous
fine-grain mafic bodies. I did not get to see the contact zones
but other core descriptions describe the expected metamorphic
effects on the surrounding shale with some foreign clasts in the
intrusive. Well 12 had some minor production from this zone but
it is in the 1 to 10 meter thickness range.

There were over 20 wells that penetrated the Oligocene in
the Jiji area, and most of the wells had a full suite of logs run
on them. Twelve of these wells had been digitized for input to
the computer, and most of the 20 wells had paper synthetics
already calculated. Of these 12 wells, 9 were chosen to have
complete suites digitized for display purposes, with the display
including the lithology log, the Sonic, Gammay Ray, Resistivity
(Dual Induction), and the Self Potential. The lithology logs
were input as seismic traces on 3 lines defined for the purpose
of these displays. The remaining logs were then put in as
overlays, allowing the interpreter the ability to have complete
control over the display.

Three of these wells had production out of the
conglomerates, with the best production coming from well 34.
There were two zones of production in well 34 - the first from
1506-1535 meters flowing 63.5 tons oil/day with-3532 m**3
gas/day, and the second from 1542-1549 meters flowing 174 tons
oil/day with 6863 m**3 gas/day. The other two wells were down
dip and flowed less oil with water., There were offsetting wells
within 600 meters that found no equivalent conglomerates in the
same zone.

Another well of interest was well 36 which penetrated 257
meters of massive conglomerates. The log characteristics showed
minor sorting that could be used to break this unit into 9 to 10



meter sub-units, but there were no major shale breaks in this
interval. This well was proximal to the main fault and will be
discussed later.

ANALOGS

There were two main analogs used in modelling the basin
geologically. They had no production and thus were used mainly to
help explain the depositional history as appeared in the wells
and on the seismic._ The first example comes from a study of the
fans in the Wollaston Forland, Greenland done by Surlyk in 1981.
The conglomerates there had the same basic characteristics as I
saw in the cores as just described. Surlyk described the
lacustrine fans with massive breccia deposits at the base of the
slope of the major fault that regionally graded to braided middle
fan facies out to distal shales and thin sands with sands lapping
on to distal fault blocks similar to the Buried Hills. The
prgfuction from well 34 seems to match the middle fan facies very
well.

The second analog comes from a series of papers done by
Wescott and Ethridge (1983) on the lower Eocene Wagwater and
Richmond formations in the Wagwater Trough, eastern Jamaica.
They described both the fan-delta and the submarine fan
deposition in the Yallahs Trough and the paleo equivalent in the
Wagwater Trough. The current deposition of the Yallahs delta
into the fault bounded Yallahs basin closely resembles the paleo
setting for the Jiji area. Their facies closely resemble Surlyks
and the Jiji stratigraphy. Both current and paleo deposition
consisted of an uplifted block with a sharp rifted fault scarp
bounded by a lake/sea into which massive conglomerate deposition
occurred. At the base of the scarp were proximal, or slope,
conglomerates (Surlyk's slope breccia) that graded into
alternating conglomerates and shales in the proximal submarine
fan (Surlyk's middle fan channel deposits) grading out to
interbedded thin sands and shales in the distal submarine fan
facies.

REGIONAL GEOPHYSICS

The seismic grid that was loaded into the workstation
consisted of 52 recently reprocessed seismic lines of varying
vintages and folds. Most of the lines were either 12 or 24 fold
CMP processed, migrated data. This was shot hole data of good to
excellent quality processed as a 2D grid. The lines were shot in
four directions with most the lines being dip lines (NW-SE), or
strike lines (NE-SW). Several lines were shot N-S and then E-W
thus oblique to the formations. This, combined with the 2D
migration and the steep dip of many of the formations, led to
many severe misties. Migrated data was interpreted because
of the complex structure, but final stacks were available
on paper, and often used to clear up mistie problems. The
processingwas structurally oriented with the final stacks being
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low frequency (dominate frequency =20~30 hz) and heavily scaled.
There were several types of reprocessing involved and were
discrepancies on lines that were within 50 meters of each other.
There was a problem with many of the lines that had crossing
reflectors, not knowing if one set were multiples or the crossing
reflectors from over-migration. The geology did not help, rather
the seismic often left much debate as to the potential
depositional models. This report assumes that the flatter lying
reflectors were multiples, due to both well control indicating
the probability of shales and no obvious flat reflectors. The
processing was an ongoing process and the last line was received
only 3 weeks before the presentation of the project. The work-
station made integration of each of the new lines a simple task
as they came. Maps were instantly updated and no redrafting was
required.

The velocity control came from the Interpretation center and
consisted of a single velocity function that was drafted on mylar
and taped to the back of a ruler. That same function was input
into the computer and used to convert time maps to depth. The
overall fit seemed ok, but there was no real effort to tie
individual wells to the seismic and develop a regional velocity
function. Modelling has shown some potential problems with this
approach and may be the source of so many of the problems
encountered in the three months it took to interpret the
structure.

Mel Carter of Landmark had taken this function and the
stacking velocities of 5 lines from which he did a velocity
study. A copy of his results are attached to this report for a
detailed study of his processes and results. His basic findings
showed that the stacking velocities were not done in enough
detail to get a consistent or reasonable velocity function. A
detailed velocity study might prove beneficial as all depths were
converted to time based on the single function that had to fit a
radically changing geology.

STRUCTURE OF THE JIJI PROJECT

Over three-quarters of the project was spent on working out
the structural framework of the area. Both the fault pattern and
the horizon picking was changed many times until a satisfactory
result was obtained. The 2D nature of the data with the complex
structure made the work go slowly as there were many different
hypothesis's that are still plausible.

The fault pattern is based on the regional patterns and
several known faults. The major bounding fault to the north west
is the Da Xing fault, and its footwall consists of the Tai Hang
San uplift region, the hanging wall side consists of the Burried
Hills distally with the Oligocene conglomerates deposited on the
scarp face. This fault trends NE-SW and is well delineated by
the gravity and magnetic maps. The fault is often at a 1ow enough
angle to get reflectors from the scarp face and easily map. The
Buried Hills are recognized by the very low frequency and high



amplitude that often characterizes the Paleozoic limes and
bedrocks. The Buried Hill in this area is bounded on the west
and south by the Tomba fault. South of the Buried Hill on the
south side of the Tomba fault is a growth faulted structure we
named the Pagoda due to its resemblance to the large stone
structures easily viewed from our window. The Pagoda consisted
of a thick wedge of sediments that were dipping slowly down to
the north east, but fairly flat in all other directions. Except
for the growth faulting that seemed to symmetrically enclose a
ridge of sediments with strike of faults and platform going NE-
SW. The remaining faults around the Buried Hill looked to be
enechelon faulting similar to other rift basins with minor
strike~slip or rotational movement. (Lovell, 1985) The major
faults appear to be part of the continuing rifting of the Eastern
China Platform (Li,1986) while sediments filled the depression
during the Oligocene. The soft sediments were subject to the
natural growth faulting, and when the subsidence was finished
there was an uplift causing parts of the Sha-l thru Sha-3 to be
eroded. This was then overlain with Neogene to present deposits.

For structure map purposes, we carried around four major
horizons. Namely the T-2 or Base of Neogene, the T-5 or Base of
Sha 2, the T-5-2 or middle of the Sha 3 and .based on a shale unit
in the wells, and the TG-1 or Top of the Ordovician. Maps and
Isochrons were made based on each of these horizons.

The structure map on the base of the Neogene, the T-2, shows
only minor structure with dip generally to the south west. The
southern portion of the area shows a slight low where the pagoda
is located. The higher portion to the north west is over the
paleo uplift and much thinner than to the west.

The next major horizon is the T-5, which marks the base of
the Sha 2. The Sha 1 can be seen as you move further downdip to
the west but was not involved in this project area. The Sha 2
sits unconformably under the Neogene due to having been uplifted
and eroded. There is also a mappable high down south at the
Pagoda due to the growth faulting on both sides. This high
matches the lows in the Gravity and Magnetics and displays a very
thick section of sediment.

The T-5-2, or middle of the Sha 3, shows the complexity of
the structure in the area. The T-5-2 goes from approximately 700
ms against the Buried Hill to the north dropplng down to 2200 ms
beneath the Pagoda, and then down to 3200 ms in the south—east
portion of the study area.

The T-G-~1, or Top of Ordovician, is the lower limit of the
conglomerate deposition. There are a dozen major faults at this
level that are associated with continued subsidence through the
Oligocene. The high in the northern part of the survey is the
half-graben rift block that forms the Buried Hill in this project
area., There is a smaller, deeper structure at the base of the
western delimiting fault that caught the interest of the
interpretational team and deserves further study. There have



been several wells drilled into this Buried Hill, but no
production found to date.

The isochrons show the same general characteristics in
varying degrees. The Oligocene is delineated with the T™~G-1 to
T2 isochron. This shows the deepest portion of the lake to be
where the Pagoda now is with the portion between the Da Xing
fault and the Buried Hill to be shallower and narrower than down
south, Stepping through the isochrons shows the depocenter to
gradually move from south to north-north-east. We eventually see
the Sha 2 and Sha 1 to the northeast just beyond our project area,

) -

STRATIGRAPHY

During the two weeks that Dr. Macurda was in China we set
out the major stratigraphic units of the area. As it turned out
the structural boundaries ended up following these areas so that
the structural horizons also became our mega-units. Although not
a perfect one to one overlay they are close enough to use almost
interchangeably. There is the obvious erosional unconformity at
the base of the Neogene, and an amplitude/frequency difference
between the Sha 2 and the Sha 3. The Sha 3 also downlaps/onlaps
on the Sha 3 making the T-5 relatively straight forward to pick.

The T-5-2 is not as obvious or definitive on the paper
sections, but when the data is shown as instantaneous phase and
especially instantaneous frequency in color, there is a fairly
pronounced difference between the lower and the upper Sha 3. The
upper zone has a higher frequency content than the lower and
continuity is not a obvious. We noticed this after having picked
the T-5-2 and this might be used in the future for a fast
method to regionally check the horizon.

The T-G-1 was picked as the lowest mega unit boundary as it
delineated the base of the Oligocene. There are several other
possible boundaries that might have been picked, but the
structural complexity of the data made this very tedious.

After working with the conglomerates in both the wells and
the seismic, and reviewing the analogs several times, several
major zones seemed apparent on the data. They were most apparent
on the workstation by playing with the color bar on the amplitude
sections so that certain amplitude levels stood out. By
whitening out the section and using a marker to highlight only
certain amplitudes several anamalous characteristics seemed to
stand out. The first was a series of high amplitude; spacially
short reflectors that seemed to lie about the same distance from
the major Da Xing fault all the way up and down the fault scarp.
These reflectors were surrounded by low amplitude/frequency zones
in the data that helped them stand out. After reducing the
amplitude displayed on the color bar, another zone would become
more apparent that lied between the fault and the previous zone.
This zone had a relatively high amplitude, but was chaotic,and
locally moundy 1looking. The last zone carried out past the high
amplitude zone with low amplitude concordenant reflectors that



went up to the erosional truncatation.

The Three zones matched the concepts of the three facies as
defined in the previously mentioned analogs. By using the fault
picking mode on the workstation to pick each of these
characteristics on the lines, we were able to do a stratal
interpretation on the work station. Each valid reflector was
picked as a fault (vector 1list) thus maintaining the
stratigraphic character of the line. When these picks were
displayed in cross sections, the fans and different facies became
apparent. The moundy, chaotic reflectors near the fault became
the proximal fan breccia and massive conglomerates as seen in
well 36. The short high-amplitude reflectors in low
amplitude/frequency data are the middle fan braided stream
channels and middle fan conglomerates interfingering with shales
similar to well 34. The concordenant lower amplitude reflectors
become the interfingering thin sands and shales in the distal
portions of the submarine fans.

Our approach at this point was regional due to the lack of
time remaining until date of presentation, and the long time
taken in working out the structural picture. We chose seven
lines surrounding the existing well control. and picked each line
with the stratal approach as mentioned above. The lines chosen
were (dip lines from N to 8) 1357, 1351, 539, 1339, 535, and 520
(a strike line), and an E~W line 571 which crossed the key wells
36 and 34. After picking each line and defining sub-units as
possible fans, we brought the data into FMAP for the ability to
review the data in 3D and in cross section mode. After
assigning each segment to one of the three facies or as a
volcanic, we made perspective views to compare the relationship
of the lines and the stratigraphy. The data was defined so as to
display the findings as three units which had the geometry of
large fan complexes. FMAP gave us the ability to display one fan
at a time or all three simultaneously. This gave us the ability
to relate the fans to each other, and see their individual
geometry.

We then went back to the seismic and used regular horizons
to envelope the middle fan environment in each of the three fans.
These horizons were then used to generate isochrons of the middle
fan facies. When the three maps were overlayed one could see the
depositional meandering of the fan bodies as they filled the
holes created by the previous deposition. Then individual
horizons were mapped to show each conglomerates extent.

In order to check our theory, and gain a better feel for the
deposition, we flattened the seismic lines on the T-5-2 and then
displayed the stratal interpretation on each of the lines. The
only real surprise was the thickness of the middle fan
environment in relationship to the near fan slope deposits. 1If
the fan shapes were correct, the bulk of the deposition came over
the breccia and was laid down in the middle fan environment. The
study in Greenland showed this as a possibility as the breccia
there was deposited over by stream deposits.(Surlyk 1981). If



not correct then the fans will need redefining and should be done
on flattened sections.

The volcanics were also picked in the stratal interpretation
with several things coming out. The volcanics as interpreted
never came higher in the section than the T-5-2, They also
cut across the bedding planes of the conglomerate fans. These
two considerations lead one to believe that the volcanics are
either older than the T-5-2 or never found a pathway or gained
enough pressure to come above the T-5-2, Since the pressure in
the subsurface would be decreasing as it got shallower, I do not
place much faith in the second assumption. The volcanics also
seemed to come out of deep seated faults. Just below the area
with the volcanic intrusives were several large mounded
reflectors which were interesting both as potential deep fans or
else as the deep sources of the volcanics. It will take a lot
more work to feel comfortable with either.

There are several characteristics about the volcanics that
seem to differentiate them from the volcanics in small ways.
First, the volcanics are more homogeneous and provide a better
reflection than the conglomerates. The density of the volcanics
and the conglomerates is different and this also helps. The
volcanics also were intrusive and did not follow the bedding
planes consistently, but seemed to follow weak zones in the rock
instead. Some of these things seem to explain the results of the
amplitude with offset study that was done.

AMPLITUDE WITH OFFSET STUDY

With the above differences in mind, it seemed appropriate to
look at the changes in amplitude on the offset records where the
differences between the two rock types should be maximized. The
big advantage of using the workstation verses record by record
analysis is the ability to see the results in a map format along
with all the horizon, fault, and processing techniques available
to the interpreter.

We only had one line with trace data over both volcanics and
conglomerates, line 546- a north south line going through the
production area. The line was loaded as a 3D survey with the
line direction being shotpoints and the trace direction being the
offset traces on each shotpoint. The line was then processed
for each of the attributes and displayed. Due to the quality of
the data an AGC was appliedwith a 3.6 second window to normalize
the amplitudes trace-to-trace. The horizons for line 546 were
brought in on the appropriate shotpoint/traces and then inter-
preted down the off set direction. The amplitude was extracted
and then displayed as a raster horizon.

In viewing the results in map form there was a difference in
the response of the volcanics and the conglomerates, The
volcanics amplitude carried to the far traces and the
conglomerates amplitude decreased with far offset. Keeping in
mind that this was a single line test, we found the results



encouraging. We expect this phenomenon is related to dispersion
of the seismic energy by the conglomerates at low angles of
incidence. It will be something to consider in further studies.

MODEL ING-

There was not much time left for modeling so only first
passes at two models were attempted. The first was using GEOSIMS
STEP program which is a log interpolation program. The three
wells that line 571 cross were used and a basic model was defined
using the horizons from the seismic. The program then
interpolated between the logs using parameters we input. The
resulting model demonstrated the characteristics expected for a
pinching out sand body as those found in the middle fan facies.
Further refinement would enhance the results we had.

The second pass at modelling utilized Landmark's UNISEIS
raytrace modelling system. Two models were generated from
horizon and fault interpretation on seismic lines 1339 and 571.
Depth conversion was achieved by using an power function fitted
to the same set of time vs. depth data provided by the
Interpretation Center as was used to depth convert maps. The
data was plotted linearly and as a In/In plot. The In/In plot
showed 3 distinct linear segments. Upon further investigation,
the breaks in slope were extraordinarily good fits, with
statistical correlation coefficients better than 0.999. This is
consistent with prevailing mathematical models dealing with basin
fill velocities.

Severe distortions to the model geometry occurred when
attempting to use these three functions to convert to depth. The
extreme magnitude of block faulting brought out the need for
either a much more detailed set of velocity control or to fall
back on an approximate depth conversion using a single power
function fitted over all the time/depth points. This latter
function yielded a respectfully good fit, with a correlation
coefficient of 0.998. The depth converted model produced was
considered more than adequate for the first pass.

Normal Incidence runs were made on each model, This mode
emul ates the stacked, unmigrated seismic section. Ray traces of
individual layers within each model were also run to aid in
interpreting the events on the time series traces., It can be
seen from the models that the volcanics are not clearly
distinguished from conglomerate beds in conventionally acquired
and processed data. Also, conglomerate pinch outs are subtle,
but apparent in modeled traces. Whether they are equally visible
in real data is dependent on quality of the data and the
migrations.

PROSPECTS
Due to the proprietary nature of the prospects, we did not

bring back to the United States any specific locations, nor do I
plan to discuss them here. Rather a generalized approach on what
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to do with all the 165+ maps on the workstation in order to find
0il would seem appropriate. My interpretation is limited to a
very localized area and some of these thoughts might change if
the larger picture were brought into focus.

The isochrons seem to me to be the place to start looking. I
would start with the envelope around the middle fan and then do
detail mapping on the horizons of interest within. The
individual horizons will have a shape characteristic to their
deposition and the present day structure will be crucial. I
would also flatten at the base of the fan to see which way any
0il would have migrated. We only did three fans, and there is a
lot of potential to the North and South along the fault scarp.
The fastest and safest bet seems to stay above the 52 to avoid
the volcanics. Then carry the interpretation down to the deeper
conglomerates, which will probably have a more massive appearance
than the shallower ones which had a larger area to deposit in.
Once the deeper horizons have been mapped, and probable volcanics
sorted out, a detailed analysis using offset studies could be of
great assistance.

Before drilling recommendations were made, the porosity maps
and thickness maps on the computer should be overlayed on the
prospect maps to check out known geology and verify porosity. By
combining each of these items, and additional 5-8 wells will
probably become available on short term notice along with the 5-7
locations discussed jointly in China.

LOOKING FORWARD AND BACK

There are several things that seem important looking back,
the stratigraphy should play a greater role in deciding the
structural fabric of the basins. The relationship of the geology
to the mega units of the seismic should make carrying around the
horizons easier. Then  -a much more detailed approach to the
velocities would solve many of the problems we had. Using a
single velocity in such a complex structure and stratigraphy to
me is obviously dangerous. In the longer term, the lines need to
be processed with wavelet processing to get them all on the same
wavelet. There were too many lines that just didn't tie that
should have. I am highly suspicious of large phase differences
between several of the lines that could be corrected with wavelet
processing.

I mentioned early on that one of the tools I felt would be a
key in differentiating volcanics and conglomerates-would be a
shear wave study. Especially after seeing the amplitude studies
done on the offset traces, I think the shear wave approach would
delineate a lot of things not yet seen. Even longer offsets to
allow converted wave studies might help.

SUMMARY
The Ling Guo basin is a rift basin filled with Oligocene

conglomerates coming from the nearby paleozoics which also form
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the half-graben Buried Hills that have provided much of the oil
production from the Eastern China Platform. These conglomerates
formed a series of fan-deltas, and submarine fans in the lake
that shored on the rifted fault scarp. The facies can be broken
down into three major facies that can be linked to the subsurface
control, seismic data, present day surface deposits, and similar
analogs in other parts of the world. Basic stratal
interpretation techniques can help to differentiate these zones
and help distinguish the conglomerates from local intrusive
volcanics, Additional offset amplitude studies provided
interesting data to be used in further analysis,

There were comments about finishing the project being made
from the first week I was there, and I see this as a project that
will never be finished. But I feel we attained our major goals,
at least those that were physically realizable with the
resolution of the data. There were many explorationists who now
can use the workstation to accomplish their goals, if they are
willing to trust themselves and sit down and try. The Training
will be an ongoing thing. The technology transfer and search for
0il will hopefully be a continued joint effort for many years.
And the interpretation will continue on as long as someone has
hope for one more well.

The project brought many new ideas out that had not been
used before, both by the Chinese and Landmark. We have shown
that the workstation can be used effectively if one is willing to
sit down and use it. Several techniques have been shown to use
the workstation effectively for structure and stratigraphic
interpretation. Both the Chinese and Landmark have much to gain
in continuing a joint transfer of expertise, ideas and the ever
changing Technology.
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From Landmark's side the same problem exists but I must
mention several names. Dr. Brad Macurda, from the Energists,
helped the project start off by setting a stratigraphic mood and
helping get the basic framework going. The leadership team that
committed the resources to make this project happen included Mr.
Gene Ennis, Mr. Ken Strode, and Mr. Richard Todd. Mr. Chuck
Edwards provided support and insight throughout the project. Mr.
Roice Nelson added his management capabilities to his magic touch
on the computer (and many hours) to bring it all together. And
last but not least, my wife and family, who put up without me
for the time I was gone.
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Joint Interpretation Project Landmarbk Presentation — 07 July 1987

We are pleasscd to present this report on ow joint interpretation
project in the Lang Gu Basin, Becawse of the limited time
availlable for presentation, we wrobts ow presentation ouwh and
will have it read only in Chinesse. However most of Lhe
interpretation team is here bto answer questions.  Participants in
o interpretation team coms from ZhiI Da Unidiversity, the Bureaw
of Oeophysical Frogpecting, the Ren fiuw Oil Field and Landmark
Graphics Corporation.  You all know the Chinese coarporations.
However , vou might-not know Landmark and so we will astart by
briefly introducing the companyv.

Landmark is a protobype of the new type of products company that
will becoms ong of the major hig businesses of the fubure. Mary
at you remember or have heard about when G5 formed Texas
Instruments (T a new type of products company, specifically
o build electronic equipment Lo support seismic explaor-ation. 0OF
courae, you krow owhat o oa maior internaticonal company T has

bhecoma, Similarily the next major business development is just
beginning now,  These companies are building interactive

scientific and siness worksteations to improve the productivity
and gual ity of results for a variety of bhusiness professes.

Landmarlk is the only successful company like this in the
Geophysical marketolace. Landmark is the lsader in building
micropross robased workstations optimized with tuwrn-key
aoftwarse solotions to aid oil and gas ewploration. lLandmark has

walod more interactive seismic interpretation workstations than
all of owr compeblbors combined., Iri fact, @ight days ago,

L.andmark signed a single contracty with one of the five largesth
international oil companigs, for 20 workstations. THIS DME ORDER
iw for more seismic interpretation workstations than the taotal
rivmber of pressntly supported workstations delivered to oil
companies by any of the obther companies participating in this
interpretation evstem evaluation evaluwation. Firset slide please.

SlL. A Joint Interpretation Froject in the Lang Gu Basin

Farticipation in this interpretation project has besn a good
learning experience for both Landmark and owr Chinese partners.
Dur use of Landmark products for what they were designed to do
has helped us learn more aboul owr strengths and fto recognice
wome weaknesseea, We have already made majior efforts to correct
obvious weaknesses, For instance, two days ago we first
demonstrated « new s 2D interpretation menus, displayed with
Chinese characters in order to help remove the language barrier
from efficient use of ow products in China, as shown on the
glide on the right.



SIR Fictuwre of Chinese Character Menus on Screen

As we present the results of this joint interpratation work, you
will see the major strengths of ow interpretetion system. We
hope this ioint project has provided a precident for fubtwre joint
development bebween Landmark and the Ministry of Peteoleum
Industry, the Bureauw of Geophyvsical Frospecting, and various
Chinsee il fislds.

S2l. The Interpretation Team

introduce all of the memhers of the lLLandmark interpretation team.
Zhi Da Unid veraity

Madam Zhong, interpretation team leadesr-

Miss, i, secretary

M. Wang s progeammer

Mr. Chen, young geophvsicist

Mr. Li, translator
Buresaw of Geophysical Frospecting

Madam Warg, processing and aided interpretation

Madam Jhao, paper section interpretion
FRen CGui 011 Fiseld
Mr. Fang, senicor geologist

Mr. Shi, geophysicists and interpreter

M. Wy, progeammers

Mo Xu, voung geophysicish

landmark Graphics Qorporatiaon

<M. Chuclk Edwards, recently retived corporate geophysicisht
Cheveran 04, now on Landmark 's Board of Directors, and has
besn consulting on the project plans since the beginning.

M. Bary Jones, seismic stratigrapher, Landmark’'s key technical
support for this project.

M. Roice Nelson, geophysical suoport.

SMes Geotd Morrie, geophysical support, AGS moadeling and Dynamic
Graphics mapping expert.

Mr. Mzl Carter, formally a Vice-Fresident of Energy Analyists
and recently joining Landmark when our companies merged. His
speciality iz velocities and he reviewsd the well and seismic
velooibiss to guide proper depth conversion of the maps.

~Mr. Bruce Day, customer support engineer.

Dr. Brad Macurdsa, a world class seismic stratigrapher that
teaches to most of the major 0il companies worldwide through
his company The Energists and through Geogquest International.
He is doing several projecte with Landmark because cur
workstation is the best and most widely available.

M. Noel Duncan, customer support engineer. L

M. Charlie Win, progerammer, responsible for creating Chiness
MEMNLS .

Mr. Don Vossler, programmer, developsd code to provide large
scale selismic hardcopy.

Mo Richard Todd, formally manager of computer systems for
Teraco Mew Orleans, and ie now Landmark s manager customer
support, He coordinated the people and Singapore equipment
logistics.

Aqr, Jamnes Moore, hardware mainbtesnance enginesr.
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S2F The slide on the right shows owr senior selisnic intesrpreters,
Madam Zhoneg, working st the workstation.  Like many senior

o §

interpreters, she did find it o
sections in conjunction with wor

Fuul to work with the paper
zing on the workstation,

S Mr. Fang, ow geologic conscience, made swre bhat the

L/fintmrpratatjwm made geologic sense.  He not only worked with
traditional geologic data displeavs, but he became very good at
doing interactive 2D interpretation.

_~8IK The slide on the right shows Mr. Fang and Madam Zhong hard at
worl on bthe intarpretation of the fans.

- i
B4 and B4R The lefh slide shows M. Shi getting the results
ready for this presentation. The right slide shows Mer. Jones
worlding with Me. Wa, M-, Fang, Mr. Shi and Madam Zhong.

BEL  We wounld like to start out the lLandmark presentation by
Freviewing the goals that were prezented to us in March when the
interpretation project first started. These goale are listed on
- the slide on the left., We will Jjust read them now tao introduce
everyone to the interpretation objectives. You will notice that
tt is not feasible to accomplish some of the objectives with the
Leow freguency data available for the interpretation. At the and
of this presentation we will review the objectives again
gpecifying studies and results related to sach abliective.
(; 1. Determnine paleogecagraphy of Oligocens
2. Study conglomerates within Dligocene

b

I, Map thickness and changes in conglomerates
4. Bhudy changes in porosiby of conglomerates
. Identify sowce and extent of volcanics

. Find high porosity zones i dgneous rocks
7o ook for- top and bottom metamorphism

associated with volcanics
« Determine the time of Lthe igneous intrusions
v Btudy faults in conglomerates and volcanics
. Ildentify potential hydrocarbon traps

0 @

G The slide an the right shows the project location in the Lang
Gu Depression. Our area of study is outlined in red in the
northwest corner. The study area is called JIJI.

Sal. We usad as many types of data as possible to help us do the
best possible interpretation. Gravity and magnetic maps provided
a nice regional picture of the depression. The slide on the left
shows the control points that were entered and a triangulated
contouring of the map. The two white marks in the center of the
veallow map show bthe location of a major gravity high.

Se6R This gravity high is highlighted with the color map used for
displaying the gridded and smoothed gravity map. The red-blue
boundary marks the boundary of the major bhasin controling Da Xing
(; faullt and the buried hills to the right. This gravity high was
key Lo interpreting the key structural elements in the Jiji area.



857L and 57R These two slides are similar dislaves of the magnetic
map. The magnetic map delineates the bhuried hill, as colored
red on the snoothed and gridded map. It also shows well bhe
deepest portion of the basin, as highlighted in dark blus and
purple on this map. The slide on the left also includes two
different perepective displavs of this map. Flexible displavs
and different methods of looking at data values is one of the
major advantages of interactive interpretation.

G8L. There is a majior unconforaity at the Base Neogene which
—ﬁuﬂ_—
averages about 600 metere de acraoss the area. Al of the
prospects are buried beneath this detrital material. Since the
Ji i aresa s bhuweied, there was no swuface geologic information
available, However, there has besn a lot of exploration work in
this area. This is shown by the geological cross—-section on the
left slide showing the Lang Gu wil and gas traps.

'EBR Even though there was not swface geclogical information,

there was a lot of subsurface geological information available.
The slide on the right shows an exemple of available well
information. This geological cross-section runs sast-west across
the area of interest along seismic line LF78-571. Well data was
available from welle T4, B4, H0 and 4. This cross-section was
made to highlight the key seisnic horizons that were interpreted,
including T-8, T-@-%, and T-~E-1. One of the most exciting

exploration data souwrces to Moo Jones was the detailed cores
available on all wells, Mr. Jones visited the Hua Bei 0i) Field

and evaluated several cores to help him better understand the
conglomerate objectives. High guality core samples were taken
thraouwgh-out the drilling, including samples from all of the
different tvpes of litholeogy., This guality of information is not
normally available in the United States, since the normal
procedure is ta only core the sands. .



89L. Threse of the logs shown in SThe previows papse log display are

shtown here as displayed on the interactive system. The

conposite log displave consist of up te S synthetic traces. an SF

lag, a lithology log, the resitivity log, & sonic log, and o

£ AT ay Tod, The coldors _on the lithologic log ariige for
arates, yellow for sands, hlue-gresen for shales, and

62

purple for volcanics, There is also a darker blue color set up
for Limsstones, bul b is oot wsed on these thr@m logs.  The
display on the left has been iptorasctively j ith

infarmation about porosity, production, and wal1 [ ME

G7R The display on bthe right is of the same thres logs, bhut the
Logs are displaved separated by the seismic conbrol. The ssismic
control aleso has Lhe key horizons posted. The top horizon is the
I=22, which is the RBase Neogene and is colored yellow in this
Leplav.  This horizon’ sl o dw actually red, bub the achtive
Marizon, ar the one being edited, s alwavs displayed in the

arnotation color.  The bloe hoeizon ise T8, or the Top 8ha-Z. The
arange horizon is the TCO4, or the Top of Conglomerate 4. The
green horizon is T-5-2, o the Middle Sha-% horizon. TVOL1, TVOZ

and_TVOI are volcanics and are colored viglat, blue and puirple.
At bhe bottom of the right two panels is & green horizon, T-G-1
o the Top Ordovician., Faults are also posted, and the vellow

Fault in the right panel is the Da Xing +ault that controls the
hal+t grabern bhasin we are working Tn.

B1OL This proaject was largely based on the seismic
interpretation.  The slide on the left is a zoomad map of the

grr@a,  The location of line S71, which was shown with the well
displays in the last slide and is repeated on the right hand
side, is highiighted in green. The three horizontal lines at the
tap of the map are where the well log information is stored,
which alleowe 16 Lo be projected onto any appropriate seismio
sechion.

S10R  The eeismic ssction on the right 1e btypical of the quality
of data used for the interpretation. Available seismnic data
consl sted of recently reprocessed and migrated 2D sechions.

These data were praovided in a SEG-Y foarmat at 14600 bpi. Hecause
of reprocessing, sone of the lines used weare not available on
tape until a couple of weeks ago, or three months into the
interpretation project. This made it important to be able to
pick on paper sections and/or digitize those picks into the
interactive system, This capability also made the transition
easier for some of the older interpreters that are used to
working with paper sections.
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Blll#® and S11iFR A majoribty of the interpretation tiome has bheen
apent developing & structural picture of _the basin. Mh.}'-!*r
slides shows Lo Sitwﬂhkwawwwaﬁ te MQ&M ore widh H
ww\sma_mm;,s._& bbb i e b
and the ¥ight a@lide highlights the interpretation picks. The
horizons that were picked, going from top to kottom, arer the red
horizon, T-2, Base Meogensy Lhe bloue horizon, T8, Top Sha-%5 the
arange horizon (colored yvellow becausse ih is the active horizon),
TCOA4, Top Conglomeratea 4y bhe gre horizon, T-5-2, Micddle Sha-3p
the violet, blus and purple horizc ™oL, TVO2, and TVOI, the
valeoanicsy and the dark green horizon, T-G-1, the top Qedovician.

=

Slﬁi and lﬁﬁ These slides show the lacation and migrated section
of north-south Line 5446,  The vellow vertical lines are well
position and shivity o SF logs. Notice the low frequency of
the data, and the sbrong migration edffects. The effects of the
major Da ¥Xing fault that defines the north and westarn edge of
the basin ie sesn b the lett edoge of the section.
-

S13L and 13R  The horizons are reasonably obviowus once the
structural relationships have been worked out. One of ©he most
impartant and critical parts of the interpretation was bhuilding a
reasonable fault onabttern that fits seisime and geologic control.
The fault picks that are on these se one have been assigned to
specific fault plrnaes. Toole o interprete thess fault planes
was one of thse bhig advantages of the interactive system. The
fauwlt interpretation package allows the interpreter to draw
faul te anvyplace they are recognilosc, These "unassigned" faul b
picks are then correlated into fawlt planes wsing & varieby of
graphics tools including map windows, cross-sechion windows,
perspective diaplave and dynamic colar control.  When an
"unasslaned" f spgment i assigned bto a fault plane it is
given a u cocolor o as shown on bhis ssiemnic sschion,
Another ¢ is the ability to draw a polvgonal window on
the scre 1 bhe window to correlates horizons and selsni o

fAoamall vellow drag window was drawn on this

across faults,
gection Lo illustrate the process.

¥However ; like many interactive procedures this is hard to
demonstrate this process using slides, It showld bhe pointed out
that many of the slides taken off of the screen do not have the
same duality that ie sesn by looking at the screen.
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B14. and 814FR  Thewse slides show the resulbts of the fawlt
correlation process The samse windows are in sach section. The
faults on line 571 are shown in the orose-section window just
above the map viww. The long Line above this is & soubh-west to

north-gast line The other five cross-sections are
perpendicul ar to .t, ghtarting ab the nocth of the swvey and
continuing to the south. Each of these lines are abowlt 3 _km from
it's nedghbor. This set of Lines will be used to describe the
resulte of the 1nLnrprn ation project., The differenced hetwaean
the b act e Foaund in the map views., The left
slide anly hlghiluht= faulte cute thalt are between 300 and S00
meE.  There is only one major fault bthis shallow that cuts the
Rase NMeogesne, and this is shown as & vellow triangle in the

vl

north-west corner of Lthe map. The slide on the right shows fault
cuts that are betwpen 1.0 and 1.9 seconds. It is obvious that at
this time we are cubting many of the faulits., For these displays

the faults are colored according to their individual ly asseligned
colors

S15L  The camera was zoomed in on the L0185 sscond window on
the fault planm map in the slide on the left to show the
complexity of bthe structural interpretation.

S158R  One aof the many advantages of interactive interpretation is
the flexibility of viewing the data offered the interpreter. The
Fight hand slide ie the same map, but the contours are colored as
a functicon of time instead of fault color. In additicon, the
syvetem al lowsd the interpeeter o make an instant piwxel
replecation zoom of bhe window.

L -
Glal. and S48 Perpspective views are very useful in relating
different faults. These slides show the same 1.0 to 1.5 second

wincdow of the %dutL planes, but in a perspective display. The
left window j gd according to fault colors and the right
window aucmrdiﬂg e travel time. The vellow fault in the back is
the Da Xing fanlb.

817 and S17R At desper times we note that the Da Xing fault has

the same shape as was nobted on the regional gravity and magnetbic
maps earlier. The left slide is a window from 2.0 to 2.3
spconds, and the right slide is a window from 2.0 to 3.9 seconds.
MNotice haw much the Da Xing faull moves spatially at depth.

818L and 518FR  The curved shape of the Da Xing fanlt is
highlighted in thess perspective displays. Note that the time
colored faultbteplane=windows show the attitude or dip of the fault
plane, while the fault coleored fault-planee-windows allow the
interpreter ta rapidly identify which fault i which.



>
®¥EGZLFL The Fault patbtern was partially unravelsd as horizons were
picked. The table on the lefb hand slide shows different

geologic lavers for the area and their relationship to the

gaelanic horizons.  In order bto further describe the basin
structural sebtting, we will review the fouwr key structural maps
generated duwring this interpretation project for the seismic
horizons T2, T-5, T-8-2, and T-G-1., We will also review the
assoclated paleogeographic or dsochrons mape associabed with

these regional horizons.

-
S19R The slide on the right is a perspective view of the top
s@ismic horizaon named T-2. MNMotice thal the T-2 i=s relatively

flat., This horizon iz at the Base MNeogens. The map was
calculated using the Dynamic Graphics mapping packags on
Landmark ‘= new RT product in the Singapore office.  The paper
maps were plobtted using the pen plotter at the Zhi Da University.
The Dynamic Graphics mapping package will not run at the Zhooxian
system site until thalt svetem is upgraded to Unis. However, with
that upgrade that syvebem will be able to run any mapping sysbem
of choice. Landmarlk users tend to like different mapping
packaces depending on the part of the world they live in.  For
example, several customers in England use Zycouwr, in continental
Europe they use Sattlegger, in the states Radian, and each maior
wil company has btheir own mapping package., -

- -
BZ0OL and SZOR These bwo slides show T-2 as calcuwlated on the
worketation. There is a guick mapping package avaiable called
HMAF that triangulates surfaces across control points.  The slide
on the laft showss bthe result of this process. This package also
allows oo tions and perepective views to be madse of any
map y arny portion of a map or combinations of maps. HMAF assumes
flat triangle shests between control, and there are ofbten edge
effects bhecauss of thiz., Ry reading these surfaces into a grid,
and smoothing the grid with the 3D interpretation software’ s
heowizon autabions & good gqual ity map can be quickly generated.
Edge effecls seem bo be the only major problem with this process.
The straight blue line at the south-fesY corner of these maps is
an example of how bthe process stralght-line interpolates between
control.  The white lines on the right slide represent the
seiemic line locations, and the black crosses show well
locations.
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#¥ED2 L. and 521 Edge effects and fanlt peolygons can be eliminated
by cdrawing paolygons around areas of no control.  These maps of T
2y the Top Sha-3%, show a large blank area in bthe north-east

corner of bthe area. This is the loceation of & buried hill, and
the T-2 is eroded bere., One pabticularly veeful interactive tools
was to calcoculate the intersection between the fault planes and
the horizon, amd then wse this as line as a guide to drawing the

fault polyvgon. As you remember from the gravity and magnetic
maps there is a deep depression in the south part of the area.
At the T-2 level there is an unusual high : e that
the interpretation team namsd the pagoda. Thiﬁ 1Gcal hlqh i@

marked with the curscr on both the HMAF and smoothed- grlddmd map,
The effect of the fault polvgons is highlighted by the sinusoidal

cata gap on the west side of the map. This is Fawlt 2, the blue
fault in the faull _ displavs we looked at earliar.

-
S22L and SE2R It is
2 from the decpae T

simple process to subtracht the shallower T-
o create an ieochron map. This map shows

the paleogeomorphology of the T-5, or top of the She-3, The
left slide shows a Dynamic Graphics dieplay of the isochron.  The
thicks were colaoresd orange. The smoobthed gridded map on bhe

right shows the s

me informaticon, but the colors are reversed,
The darker colors show the channels and the vellows show the
thins. The colors can be dynamically changed on the screen to
emphasize areas of interest, which needless to say 1s not
possible using colored pencile,

SEIL  The Middles Sha-%, T-59-2 horizon, was the most structural ly
complexr horizon interpreted,. The left slide shows an HMAR
representation of this swface., The colors selected sare a little
bright and do not emphasize all of the fault polygons.  The data
cutout on the easst iz from the buried hill.

'
IR O0F course, the snoothed-gridded map shows the same
structure.  This seismic horizon drops off from 700 ms against

the buwried hill in the noeth to 2200 ms beneath the FPagoda and

to almost Z200 ms in the south-east portion of the ztudy area.
EﬁaL Theses ﬁliﬂPE ehow the smoothed--gridded isochrons from the
T-5-2 to the T-2 and to the T-5. There is a lot of similarity
hetween these maps. The left hand slide, the [(T-85-F1-[T-21
isochron, has the cursor on the FPagoda. This shows the high has
moved about 10 km to the south-south-west when compared with the
F=5 Rt emy.

v
824R The right hand slide is the [T-5-21-[T-5]1 iseoghron. There
is a channel of sediments between the Fagoda and the Bureied Hill
that is highlighted by the blue contours and the cursor.



! :
G25L and S25FR The T-G-1, the Top Ordovician, is a lower limit on

the potential conglomerates for bthe area of study, These maps
show a complicated structwral picture.  There are a dozen major
faults at this level that are asscociated with coaddoiuss——"—tr
continued subsidence theough the Oligocene. The high is colored
vellow on both the HMAF and the smoothed-gridded maps and is
associated with the buried hill. The deeper portion of the
Rasin Lo bthe south shows no effect of the pagoda.

52761 and SE&H Thess alides show the LT-G-11 to [(T-21 isochron oe
the full Oligocens.  The thin asscciated with the buried hill is
again colored vellow and red.  The deepest portion of the basin
is best highlighted with the snoothed—-gridded map on the right.
The cursor was placed on a thin or a paleo-high north-west of the
buried hill. Note the color sap that has been shaded in steps

to highlight the illusion of thickness in the purples.

*SE?L The LT-G=171 bo CT-S1 dsochrorn is similar to the previous
map.  There is a paleo-high that is marked with the cursor in the
gouth-west guadrant on the HMAR dieplay on the left. The T-G-1
picks on the buried hill have large gaps associated with the
basement faulting., This separation was highlighted by placing a
bBlack marker in the time window where there was no conteral. The
fault gaps were not drawn in as heave lines on the isochrons,
since there is still thickness from the fault plane to the nexb
higher horison., "

—_—

GR7R The slide on bhe right ie another exampls of & Dvmnamic
Graphics map. This map was generated for the same [T-G-11 to [T
1 interval as is shown an the Lefh.

v
G2l These slides show the isochran of the Lower Oligocens or

the hottom halt of the Sha-7. This map shows the top of

the FPaleoroics. The high on bthe east side in the center-soukh
portian of the Jiii area was picked arn Lineg 925, When the map
was firet displaved therse was concern that 1t was wrong, wunhil
the seizmic data was checked,

A

ﬁng When this smoothed gridded map is overlaid on the [T-G-11
te [T-21 isochron it shows that the T-5-3 was not picked across
the buried hill. In reviewing kthe seismic it was discovered
that the reazon is that T-G-1 was ngt picked on the downthrown
side of the Tomba Fault or F-1, It is possible that the
alternating lows and highs against the buried hills are related
te ancient fans off of the buried hills. This is probably to
deep to be presently economic.
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#8220 and 5ZPR These slides summarcize the maior structuwral points
of the Jiji prospect area. The T-G-1 horizon is plotted in the
background. Both maps have the Gravity map overlaid., The effect
of the buried hills is obviows on the gravity high. The relation
af the drop off of the high and the basin controlling Da Xing

fault were discussed earlier. The right hand slide has the N @

location of the ? seismic lines selected from the 48 lines
interpreted overlaid on the maps.

SI0L  The slide on the left is a map of existing production in
the Lang Bu Basin, The Jiji area is outlined in red at the
north-west cormer of the basin. This map is shown here to show
how the fault and structural interpretation presented to this
point is related to the exisiting understanding of the bhasin.
We would like to spend most of the rest of owr presentation
discussing the detailed interpretation of the conglomerates and
voalcanics, and this prospect map acte as a good introduction.

v
B2OR The slide an the right shows a geologic analog to the Jiji
project. It consists of submarine fan deposits in Greenland as
mapped by Finn Surlyvlk (from The Sedimentology of Gravels and
Conglomerates, CHFG, 1281, p.38?2). This is a close analog
hecawse there is a large fault scarp like bhe Da Xing fault.
There are also massive conglomerates being deposited on the
downthrown side. The formations have been mapped on the surface
in Greenland and match many of the facies characteristics from
the well cores from the Jiji area.

0t



S3IL  The alide on the left shows northwest-to-southeast
trending lLime 1229 with the waell data from wells 2é and 101
inserted. The regional horizons that we have been reviewing ares
posted to show the intervals of dnterest.  This Lline and line

571y which was shown earlier, have the characteristics expected
for massive fan deposits.  The progimal fan has a mounded or
humocky appearance to the data, Often this is with mediun to
high amplitucs reflectors aver a short distance.  The middle
portion of the fan becomes more concordant with higher amplibdoks

corntinous reflectors, Th et lactors are dnterterpreted as
heing related to chanmneling, subagueous bars and massive gravity
slumnp deposits. The distal portion of the fan dis low amplibtocde

2]

muclstone and sand ﬁmr1nqara. These often give long, conbinuous,
low amplitude reflectors.
o ki—

BAlR 0 The slide on the right shows a depositional model for
generalized facies relationships and inferred depositional
ernvironments (afbter Wescobtt anod Ethridge, 1982, The area we are
interested in for our dnterpretation project goes from the slope
to the proximal subearine fan Lo bthe distal submarine fan
environments, Im the slope environment the deposite ars massive
conglomerate o Lhal deposits, or base of slope bhrecoia.  The
progimal submarine fan is assoclated with braided fan channel s
which dinterfinger with bthe shales. This forms the middle fan
channel deposzits, wibth minor sorting, lower clay conbent and
increased permaabi )ity and porosiby. In the distal submarine fan
gnviranment there s more fingering of thin sand atringers and
mudlstones., This deposi tiomnal model is8 for the Lower Eooene
Wagwater and Fohomond Formations, Wagwabter Trough, easts
Jami ca

v L
BI2L and &3 The wlides show a depositional model of
Cnnglumarate Farms drn both cross-section and map vismw (afler
Suelylk, 19821, These esvamples are based on fans in Wollaston
Forland, G oaned bhat date bto the Early Cretacecus time. The
facies as described by SBurlyk is a very close fit to the facies
analysis as dome interactively an bthe Jiii eeliesmic data. Im both
areas the congloms-ates show an overall lack of grading and an
absence of ssdinenbary structures. Both areas are clast
supparted with a mudstone matrix. The clasts vary from pebble to
boulders in size, and are poorly sorted. The combination of the
type of mudstone and the massive depesits of conglomerates
indicate submarine fan type deposits.  In Greenland. the facies
change from a base of slope brecia to a braided fan channel to
outer fan mudstonss and thin sands. Both the seismic and the
cores indicate the same environment edists in the Jiji area.
The braided fan channe)l facies is the best facies for development
of porosity and entraoment of hydrocarbons as they are fingering
in and out of crganic rich shales. The production from well 24
appears to be from this type of fan channel,

i




I3 and SXER ITnorder bto review the conglomsrate Fan
interpretation in detaeill, we will step-through the seismnioc and
agsooiatecd interpretation an eight oritical sections.  The
nerthwest-~to-southeast sections Lhat oot the Da Xing fault in the
gdip direction are 1357, 1381, 559, 1339, and 8535, The dip~
tirection sections are sepacated by approsimately 5 ko, Line
1357 iw at the north gf the survey, is highlighted with a green
color on the locationgi@rtd has the curser pointing to it. The key
perpendi cular tie lime is 3320, which runs through where the
cursor dis.  The slide on the right is the raw seismic data.

SE3AL and Siﬁgﬁ The process used to interpret the fans has been
catagorized as a stratalf interpretation by Feter Vail., Theae
glides illustrate B concept. Each valid reflector is picked as
a vector list (unagsigned fault segment). The stratigraphic
character of the reflections are maintained, i.e. bhunmochyvh
concordant,, perallel, eho. Fackets of associated reflectors are
asslgned to the same File (callaed a fawlt plane, bescause we used
the faullt interpretation package to do this work). The: pixel
zoomed section on The right shows the three depositional
environments we fust discussed,  The prodximal fan ie marked with
orange pickse, the middle fan environment with yellow and the
distal Ffam wibth blus picks. dMNotice the chaotic mnatuwre to bhe
arangs picks, that can he associated wibkh base of slope breccia
deposite and raworked fan channels, The paral lel strong
reflectors in the middle fan zone are marked with yvellow colors
antd fingsr dinto the more distal environment to the southeast. M
point that will be confusing is bthat the intersections betweaen
differaent Lines were markoed with vertical vellow Lines for the
(L= W sive thisplave of the stratal interpretation.  These
vertical Lines can be condused with well locabtions because they
were bolth agiven the same colos in this sebt of slides.
e T T T ety
§74L"° The wlide on the left shows the etratal imterpretation in a
lithle more detail., The: seismnle data was colored oray wsing the
color maeler option, and then the image was pidel zoomed The
different fan characteristics are obvious on the section, Three
aeparate fansg ware plcked using bthe stratal interpretabtion
techniqua.,  They are refered to as the Upper, Middle and lLowar
fans. This will be particularly important later when we look at
thickness maps of these depositional packages.

vV
8Z4R The right hard slide is included to allow easy correlation
with thea struchtural interpretation of this same section. The
fans lie in the geoclogic window betwesen the T~5 (bluwe) and the T-
o-~2 (colored vellow bacause it was selected as the active
horizon? . MNMete bhe relationship to the Da Xing fault (yellow) to
the noarthwesk (laefl),

o
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535l and STER These are the last two sections on line 13%7. Here
the Middle Sha-3, T-5-2, was flattened to show the
paleostructurae. The shape of the fan is even more pronounced
with these displays.
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Hh36L and HILHR These two slides show the dnterpreted steuctural
enviraonmant for Line 139501, Nebice the termination of the Upper

Bha-Z betwsen the blog (T-5) and vellow (TE-2) horizons against
:t F puide J : . o
yhhe Base Meogene (T-2). Mhi s ocours in the distal subagueous fan

ernvironment. Once an dnterpreter ds looking for bthis type of
information is ts relatively easy Lo recognize.
v
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538L. and SIBR The next section to the southwest is line 539,
Thetse two slides show bthe interpreted strouctural environment foar
line S3%. The vellow harizon above T-H-2 ig TCO4 or the Top of
Conglomerate 4. Notice the shape created between this horizon
and T-5-2. The thdnning seoguence to bthe east has bthe appearance
af fan fingers,

e s ; . :

SADL. and SZ9R The strabal interpretation on this section closely
resembles bhe aeologic analods presented earlier. The laft
vertical line shows the location of the intersection with line
520, However the btwo wvertical yellow lines close together and to
the right side of the ction are Logs from a significant
discovery. T 54 had maltiple pay zones. There is &
of oil and SN of gas b E 1506 meters and o o
metear s, To & vy bhere i% Tri/D of il and &8&LE MexZ/D0D of
cas hebwesn [543 ¢ 7 SR Tl ol The corgl ome-ate @
high, bult trapping oy wpedlip pinchout.  Forosity is
fracturs controlled.

Thn/D
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5451 and S940R  The paleo sections for line 539 Flattensd on the
T-9-2 are an edwcellent edamnple of the develaopment of the
conglomerate fans.

»

SﬁiL and D41k The next two lines to the south were displaved
simul taneousl v. The order from north to south goes line 539,
line 13329 and the lire 9358, The location of these two lines ie
shown on the laft and the structural interpretation is shown on
the right.

(vl L
S42L and 5421 These two slides highlight the stratal
interpretation on line 1339, There are two wells on this line.
Well Z& is on bthe west and Well 201 is on the sast or right. The
vertical yvellow line between the wells is a line tie with line
G20 for the perspective displays. Roth wells are downdip from
well 24 and produced water. The character of each of the thres
fans interpreted wsing this techniogue (upper, middle and lower)
is easily recognized with the stratal interpretation. Theare was
great detail daone in interprebating Lhe hummookhy characteristics
of the lower fan.
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BA4%EL and 54738 2 bweo slides show the paleoreconstruction of
the thres {fans by flattening on the T-S-2.

SﬂﬁL anl ﬁ@ﬁ% These Lides show a pixel zoom of the stratal
interpretation on Line S35, Nete that the bottom fan was not
picked on 9355, bot the fanlt intarpretation sottware projected it
reasonably well onto the section.  This projsction process is liy
interpolation, and regquires assigned stratal picks be on the
sections on either sidea.

Bd%L ancl S45F  weline SE0 rans along basically sbrike of the Da
Ximg Fault. This i shown on the sbtructural interpretation.
The Da Xing faulbt is the despest pick, that looks almost like a
Morizon.  Notice the conglomecate buildup above the T-5-2 where
well 27 de dedl Led. This well has minor oil production. Tt iw
a good conglomerate, but is not as porows as updip wells like
weal ]l

' \
S46L and 546 The location map on the left slide shows the
portion of line 5 that ie displayed. The dieplayed portion of
the section ie about 17 km. Notice that line 320 ties all of the
other

8

The weall that was pointed owt on the praevioos

; ratal interpretation slide to the right. It
is the only wvellow Line thalt gets wup into bthe mubes. Thieg by
vertical vellow lines highlight the location bthe ties to the dip
sections.

S4§L arnd B47R Thesse two slides show an exspandsd view of the left
cr soulibiee @l of line 20 Motice that we are at the distal
portion of bhe conglomnerate fan,  The lower and middle fans each
die out im bhie vacinity. Agadin remember that the bwo vertical
yellow 1 are Line bie locations and nob well locabions.

S48L and HIER  The northwest end of line 520 shows tese that the
lower fan has a Lhicker section of conglomerates. As you come wp
in the secbion, the overall fan movemsnt ise towards the Da Xing
faul k. T bhe bottom fan maseive conglomerates are pioked, while
in the uppar fans no prodimal massive,conglomerates are present.,
These are replaced by the distal fans and shal es. This implies
that the lower fan,is farther out in the basin than the upper

FEr s . These fans have large areal distributions.  The portion of
the line being digplayed is about 12 ko long and the fans have
not started thimming out yet. This section also shows the
undulating nature of the front of the fan. The fan axis is
longer in the strilke direction than the dip direction, which is
axpected becauwse of Lthe massive natwre of the dump.  Many of the
gediments warae probably worked up and down the strike of the fan.

i

5./ " . . - .
845L and S49R These sechtions are paleoreconstructions of line
=)

G20, again made by flattening on the T-5-2, Middle Sha-3 horizon.
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BEOL The mest seogusnoe of slides show haow the tools savallable on
a proper-ly designed interactive cem o were usecd to odooa detal led
atratigraphic interpretation., The slide on the left shows &
cdisplay of all eight sections of interest and their relative map
position. Ling 920, the diagonal streike line is deawn at the
top.  East-west Line 571 is just above the map. The oip Lires
start with 1257 at the top, then 1EESL, 5239, 1339, 835, and 3353 at
the bottom, The cross secbion windows on this slide show the
stratal dinterpretation on all three fans. The color bar was ue
to highlight the differnt colorse on the cross-section displays.
The three large bars represent the threse major environmentes:
aranges for preosinal sive conglomerate dumpsy ovel Low for middle
sandstone and shale lobesy and blue-gray for digtal ehales and
thin sand stringsrs.  There are also six emall bands of color
that represent sheptal piliocks that mark the upper and 1ower
bourdary of each far, The upper fan has pink bhoundaries, the
micddle fan lime and the lower fan violeb boundacies,

v

#BIHOR  The way colors were assigoedl to the plicks represting
individual facies within sach fan is shown on the data and"fault®
color tabhle. The words abtratal piclks should be wsed to replace
fault picks, bhecause we are using the fault interpretation tools
to do o a abal interpratation. Threse environments waee pilokedd
for each fan befors the stratal picks were assigned to an .
enviranment, This allowed the different fans Lo be individual ly

851 ancd Thess two slides show the upper and lower fan in
cross- section and perepective views., The perspective displays
are partiocelacly wseful in that they allow all of the data to be
viewed simultansously. For exeample, this view shows the spatial
relationship of the massive conglomer-ates on three arnc both
fans., Tl wWwindow on bthe left scoresn shows the subset of the
picks thset werse displaved in perspective window.

55§L and SE2R These bwo slides show the lowsr fan extent i map,
cross—section and perspechtive viaw,

§55L and S92F A window was selected to cut down on the extent
of the data displayed in the perepective view. The perspective
view is looking ab the maszive conglomerates.

834L The interactive workstabtion allows these perspective
digplays to be rotated dyvnamical lv. The slide on the left is a
diffedt view of the same subset of the lower fan in the same
displaves.

-
S54R The isochron maps of the three fans are shown on the right
slide. bNotice the shape. These maps wers made by calculating an
isochron along the 2D control, gridding the isochron in HMAF,
writing the triangulated swrface into a grid, smoothing the
surface, and plotting ssch isochron as an individual 2D horizon
map. Ficture files were taken of each map and the pictures
composited to show the relative sxtent of each fan.



C

L o
SEEL. and 555R These sthow the spatial extent, cross
sections and urrupwr!|vw vimwea of the middle fan, Mot d e
the shaleos ﬂﬁﬂ 5 stringesrs seemn bto bhe guite far sxtended
towarcds the in o the perepective cisplav.

that

L

SELL and 834K These slides show bhe spatial swbent, cros
sections and perspective views af the wpper fan.  Nobtice that the
masal ve conolomerates are thick and form & verticel line

paralleling the Da Xing faulit.

Sb%/ The left slide is a composibte display of the lower fan,
colored in shades of bhrown., Contours of the middle fan are
over-laid. This map nicely shows bhow the deeper earlier fan
controlled the location of the later middle fan.

F/ Ya
SE7R The riaght slide shows a compeosite display of the same lowsr
fan, bobt this bBime it de overlald with contows from the wpper
fan. Motice that bthe upper fan has approximately the same
spatial position as the middliae fan relative to bthe desper fan.
As the fans built wup ab the basse of the Da Xing fault they
migrated towards the northeest or updip the large conbral ling
Fault,

V"I - . -
SEal. Thyes ] e f
vpper fFan. Thi e

shows & composibe display of the middle and
che middle fan i displaved in color and

the upper fan 14 overlaid as conbouwrs. Motdce that the fane
almost overlay sach obher, bhobt deposition moved slightly parallel

to the

Faul bt oand away Ffrom the middlae Fans.

SE8R The riaht slide shows the stratal interpretation for the

fans along sast-west line 5L The west end of the line ig
the Da Xing faunll. The hummochy character of the
angplomerabes i obviows in all Lhree fans. The
continue raflachors in the middle enviconment are broken wp by
viloani in bhe lowar fan. The "V on the volcanic picks was
put there to identify the stratal pick as a volcanic when it was
priginally made. The tap fan shows that the distal environment
Mas moved bto the west, which is both towards the Da Xing fault
ancd south along the coast. This fits wibth the interpretation of
the overlaid fan thickness maps, like the middle and upper
composite fan mode on the left slide.

MAHS 1 v

sE9L. and S59F These two FHidES show the stratal interpestation
overlaid on +w3 : i of adeiemic sections. The volcanics stand

out on these sec T?f‘;

Eéot’ The left =zlide shows the structural interpretation along
line G71. Note the conglomerate, which is the yellow of active

horizon on this sesction, and the thres volecaric horizons beneath
the T-3-2 horizon., The renainder of this presentation will cover
some detailed interpretation done relative to these events,.

SEDE’ The right slide is the same secticn 571, but it was plotted
i a color versetec in Landmark ‘s Houston office. Notice that
the horizons are posted on the hardcoopy interpretation.
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SZ;L ardd Sé%q SBrymes ofF
Cargets were Dasecd on seil

show small wincdows of in

detalled studies of the hycdrocarbon
and e atiriboute studies,  These slides
v Line G571 with several
attributes, The left slide has btwo windows, one showing mnormal
mad sl o amplitudes and the obher a wiggle variable area oiesplay
of the same set of data, The right hand slide has threes windows
wilth the stamdarcd Wilbert transform atbributes of reflection
shrength, instantansous phass and instantansous freguency. [ne
of the suprises was the way the frequency could be colored to
highlight the some of the targets. Notice bthat this type of
display allows the interpreaber fo visual ly compare difterent
atbributes of the same data immedeaately.,

BéﬁL antl Séfﬂ They et . 1 Lo tie these aregas of interest
down with the well control. Thesse two slides shos ceflection
stirength on the ladft and instanbaneows phase on the right with
the data from wells 26, 34 and 28 plotted in splits in the
gaisnic section abt the appropriate traces.

L
G&63EL  The left slide shows the instantaneous frequency section
for gast-west line 571 with the well information insected at the
appropriate place, Notioce how the shaae o disbal portions of
the fans can be recognized by the Light/Jor Tlow frequency areas.
This is esp

selally true above TOO4, the Top of Conglomerate 4.

86&& The right slide shows the resulbts of an amplitude stody
that was done on bhe prodoacing conglomerate horicon of Line 571,
The first step of the study was Lo acurately pick the key
Fetlectors, We pilocked the peak that i« associated with the
producing conglomesate shown on the well log. We then extracted
seienic amplitudes, scaled the amplitudes so they would cross the
horizorn ab the wall log and then smoobhed bthe scalacd exbractad
amplitude. The resulting cuwrve shows bhe extent of the
amplitudes bthat are ab lesast as sbrong as the amplitude at the
well. Tl is a lithtle to the left of trace BOOO0O. We also
extracted amplitudes from bthe strong trowgh that fol lowed the
conglomerate reflector, caloculated a composite amplitude,
and normalized this composite amplitude to use it as a ecaling
factor to correct the isocron hetween the two reflectors to
reflect "met gas sand thickness, "  This test was over suach a
limited ares and small number of lines that we could not confirm
the value of the study. There was aone ober factor thalt was
interesting about this section and it was relative to the
vaolcanics.,  Me believe that the way the volcanices cut the
horizens at the bobttom of this section is related to this bsing
close to the souwce of the volcanics.

v’
SaH4l. and 5&4R Ancther test we ran was bto ocreate a model across
the section based on the sonic and density logs froam the three
control wells available for this section. This was done using
the STEF program.  This program will extrapolate well logs based
on the interpreters guidance to create the bype of model shown on
the right hand scocreen. The menus are similiar to bthe menu shown
o the latt screan.
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860 and BAER These @lides show the meno used to calowlate and
display the aodel as well as the results on the scresn. The STER
package interpolates and extrapolates waell logs and bthen
calculates synthethics, These synthetic sections can then bhe
directly compared with bthe seismic sections. WNe have a color
versetes paper section and an Epson line printer generated
syrithetis chdon caloulated for line 371 available for review by
aﬂy/Df yvou that are interested,

S&6l. Amplitude with offset studies wers undertaben to see it we
could ddentidy the differences betwean the conglomsrates and
volecanics.,  There were prablems with the data that was available,
but the results we obtainasd show promise. The left slide shows
one of the prablemis we encountared, This slide is a near—-trace
gather of line 971, the same line we have been evaluating.

Notice thalt bhere are a largs nuamber of traces missing, and
furthere that these fall right where the key conglomerates and
volocanics are locabed. Becsauwse the data in this gap is not
avallable vet we went to a different line for owr evaluation.

Séé& The near trace gather for line 544 is shown on the riaght
Mand socresan.  fAgain blocks of CDF gathers were missing, but the
traces over the key conglomerate and voalcanic reflectors were
there., A 2D project was created and the CDP gathers for line 544
weare loaded as s 3D selisndc swveyv,  The bheee dimensions of the
survey are btrace along the line, seismic travel time, and offeet.
Loading the selanic this way allows the interpreter bo display
CDF gathers fraom any treace, or to display constant offzet gathers
at any available offset. Line 5446 is 18-fald, so the ZD grid was
1000 traces/offset » 4,0 seconds » 12 btraces offset/CDF gather.

Sb?L arl >/R Frirat we will review the stacked data, The left
glide shows the entire line sbtacked. On the right slide the
interpreted horizons are overlaid.

- 4
868L and S68R These slides are a display of reflection strength
for line 544, The horizons are again overlaid on the right lancd
glide.

I -
BHPL. The laft mlide is a black and white digplay of instantansous
phase with the horizons for line 9446 posted.

869& The right slide is a color display of instantaneous
frequency displayed in color. Motice the washed out areas above
the T-53-2. These are the shale environments in the distal fan
environments. Also notice how in the vacinity of the
conglomerates and the volcanics the display is enhanced by the
darker colors representing higher freguencies. =

77 . -
S70L and S70R FHaving reviewed the entire line we will now review
a software zoomad window of data around the targets. These
slides show bthe stacked data displayed black and white from
traces D79 to 857 and from time 1290 ms to about 2200 me.
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S%&L Al though owe dinterpretation teanm preferred to work with
black and white seismic displayve, color i always available to
enhance bthe o The stacked ion an bhe left is shosn
show the additional apparent {freguency shown by displayving the
peakg and btroughs in differant colors,

BT
53
b

B7IE The ricght harmd slide is an instantaneous fregquency display
of bthe same debta window, albhoogh the camsra was & Litble ol oser
to the scresen when the picture was taken.

l/ 4
8720 and ﬁ?ﬁﬂ- Thess slidss show the reflection strength section
over the window of interest. MNotice how stong the amplitudes are
on the target conglomnerate and volecanic horizons,  The only
difference hetween the displayvs is the color map bthat was used
for the diaplay. The ledft screen is graded from red to white,
arntd the right soreen has a color spectrum.

G750 anc S57ER The des ghow instantansous phase over the same
clata window of 1ing 544, Notice the continuwinty of the
retlectors,  The coloe map used on the right consists of thin
colors at 5 key phas Meotice how continuous the svents
are across hhe shdone This type of display is very useful for
studing subtle faults, or correlating an event across faults.

v
S74L and S74R Having reviewed bthe data in some detall we will Pow
Feaview bhie results of the amplitode with offset study. These
sections ahow the near brace gathers over the same window we have
bean looking ab bhe and atbribute data over. The wlide
on the left fed bhlack to white and the right slide has bean
colored Yo e ize certian amplitudes. Motice how poor the
cpual ity of the data is This gqualitby varied aevearn more when the
gathers were firet 1 sl There was considerable variation in
trace anmplitudes not only along the line hout also in bthe offset
directiaon., Therefore, in order to normalize the amplitudes
Lrace—to—by i goand offeset axes, an AGL with a

ace i both the tra
Aad o second window was applied to all of the traces. These
displays are of daba that has had the AGC applied.

f"

s¥5L and i These slides show the data in both the trace and
offaet direction. The only difference hetween the two slides i
that the left one ie graded black to white and the right one is
colored. Starting at the left of the soreen we are at the near
offset on trace 750, This first panel goes from near ho far
offset, Just a 12 fold CDP gather. The second panel is a
constant far-offset display from treace 730 to trace 700, The
third panel goes, left-to-right, from far offset to near offset
at trace 700, The fourth panel is constant near-trace offset
from trace 700 ko trace 450, And the last panel on the right is
a neatr—to—far-offaset CDF gather for trace &50., The horizons that
were pilched across thie 2D survey are overlaid. The green is the
T-5-2 horizan, which yvou remember we used to flatten displays on
earlier, The orange hocizon is TCO4, top conglomerate 4. The
three ather horizons are volocanics, going from top to bobtom
TVOIL, TVYOR, and TVYOE. In the offset direction these amplitudes
are the reqguired NMD correction. Notice the amplitudes,

E
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B76L Unce horizaons had been picked for each of the target
reflectors ab gach offset there were some horizon conpubations
and horizon displave made. The slide on the left shows a map of
amplitudes extracted along the TEO4 picks.  This is not a selsmic
section. Tt odwm & map, where bthe vertical axis is brace numbear
ancd the horizontal axis e offset. The blacks represent strong
amplitudes, and the overlayving caontouwrs are the bimes picked foo-
the TCO4 horizan in brace-offsel space. The contowrs in effect
ahow how the vaelocity to correct for NMO varies along the line.
These contours wers displayed only to contirm there are smooth
changes in the bines representing reguired NMO correction.  The
important point about this display is thab the amplitudes vary
greatly in the offest axis. There is nob a consisbant amplitude
at all offsets on any btrace in the survey., This can be a result
of many fachors, bt the leading hypothesis now is thab 1t iz a
resullt of lithology.

o

S?éﬁ/ThE right Fand elide shows the same type of dieplay for
amplituce vie offast for the top volcanic, TVOL. Notice how
consistant the amplitudes are at all offeets whaere there was a
stirong amplitude at the nesr offset. This appears characterishtic
of the wvolos g, Ihe ftraces that did nobt have strong amplitudes
at the near 2 odo also nat have strong amplitodes at the far
offaeta., This impliss that whe the volcaniocs were pilcked they
were labterally extended along the Line far-ther than appropiate.
o
ﬁ?ﬁL ancd S77R 0 These btwo slides conticm the resulte
prasented with the previouws display
gsecond val Lery,  TWO and the right slide is of the bottam
volcami o ; The fact that where the amplitudes are shrong on
the near br: they are also strong on the far traces stands out
in these displave,

mhtained ancd
The left ®lide is of the
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H?%L and S79R 0 The last slides of results from this ioint
interpretation project are related to the creation of depth maps,
Landmarl realized the ioportance of velocilty to this study and s
we did several studies. To briefly digress, aboult two manths ago
Landmarl finalized the mecrger of a company in Dallas, Texas inlg
Qur company. This conpany is Energy Analysts and one of their
gpecialitiess is velocity analyvasis., A principal of Ensegy
Arnalysts, and of cowse neow & Landmark enployvees is Me. Mel
Carter. He is a world class expert in velocity analysis.  The
mathods they have been wusing continuously for the last ten years
are currently being progeammed on the Landmark system., S8 a
point of intereszt, the seismic velocity database Lechnigque was
uwead by Occidental Fetroleum in all seven areas of the initial
offshore China study. @lthough the calibration step was ommitted
du to the lack of well control, bthere were only Five walls o
over 100,000 kn of ssiemic data, the acocuracy of the veloocihy
effort is indicated by the fact that the only componsnt of the
initial study etill in use by Doocidental is the selsmic velocily
databage. Rack to the report. Me. Mel Carter took data from 12
wells and six ey horizons and examined the time-depth conversion
problem wsing both well depth data and seismic Cimes. It turmed
out that a simple timeg-depth function is suffecient for
convarting bime bto depth.  The maximum 2rror from projecting the
linear time-lines into the wells off of the seismic lines was
Just over 14 ms. Me, Carter will be presenting a paper on the
use of normalized velocities in the depth conversion process in a

" e

tallk at the ASugost CPE/ASER meeting in August of this vear.

The=se two alides show the velocity curves used to do map depth

conversion with. The btime-depth velocity conversion curve was
read into bhe worketabion and witben into a seismic—types file
for every labh trace of every line. Ampl itode sxhraction was

uaed to get the velocity to specific horizons on each of these
traces. vaeloolities were gridded, and then used bto converth

the seisnic time maps to depth.

§80L The left slide is the
horizon.

SEOR  The right slide is the resulting depth map for the T-2
horizon.

i

whrapolated velocity map for the T-2

SRIL The left slide is a seismic time map for the T-5 harizon,
S81R The right slide is a depth map for the T-3 horizon.

882L and HRIR The left slide is the depth map that had been made for the
T-% horizon before we started this project. The right slide ie
the depth mao generated on the Landmark system on the sams
horizon.  The important thing about interactive systems is that
once a map is built it is very easy to go in and do dégtailed
analysis of portions of the map, to update existing maps, to
overlay different maps, to mix maps and to generate new maps.
Thiz morning Mo, Morris of Landmark counted the number of maps on
the system in the Jiji project. There are 165 maps, shawing
evierything from porosity, to well derived thicknesses, Lo many of
the displays vow have sesn in bthis presentation.



Interpretation Froject Flans

Ag tlescribed in bthis report the goals of the joint interpretation
project have bheen met, The Chinese members of owr interpretation
team will be finalizing their report.  Landmark s support of this
interpretation project has far sxceedad the economic and time
Fegquirensnts of owr contractual agreement. Therefore, unbil we
have business conmitnents from the Minidistry of Fetroleum Industery
future support of bthis interpretation project will probabhly be
Limited to normnal cusbomer sapport visite, The exceptions Lo
this will be the post-stack processing of some data to
demonstrate somes unrecognized wavel et substitution and filtering
capabilities of the Landmark system. It is also possible that we

Wwill do some AGS modeling of a couple of key profiles in order Lo
demonstrate our 2D ray-trace modeling capabilitiss.

Landmark FPlans for Business in China

About a vear ago Roice Nelson was optimistically discussing
opening an Landmark office in China. An egually optimietic
officer of the Bureaw of Geophysical Frospecting suggested that
the office shouwld be in Zhuowian, largly bhecause a new frasway
woaled be built bebwsen Zhouxian and Bed jing within a vear and
Zhuoxian woulad then only be an hour away from the airport.  New
develapments only coma through optimists, but perhaps now is the
time for s lithle realiem.  Unfortunately Landmark has not had
ernough buessne i Chipa to justidfy opaning an office. The
fragway is nobt close bto completion, and even when it is complaeted
it owill takes lonoger than an hows to reach the airport.

This meeting is an important djuncturs in bthe Ministry of
Fetroleun Industery s coad to modernizing seiemic interpretation
plrocedur e, I dis Landmark s understanding that there has
already besn o decision by the Bureaw of Geophysical Frospecting
to build an interactive interpretation syvstem. I+ this is true,
it seems thabk therse are three basic cholces that the ministry can
make to modernize seismic interpraebation procedures: (1) attempt
to completely develop required interactive interpretation svstems
internallys (2 buy some of all the available interpretation
syatems, and try to copy appropriate functionality into the
internally developed system; or (3) to enter into & mutually
heneficial doint development with the leader in interactive
interpretation eystemz. Let’'s review each of these options
individually,

The decisioan can be made to do all of the developmant of Chinese
g@ismic interpretation systems within the Bureauw of Geophvsical
Frospecting. Like the optimistic time—frame and traffic-flow for
the freewav to Zhuoxian, this choice will nobt be able- to
effectively compebe sconaomically or in performance with
developments like those presented in this report. Remember,
l.andmark has 115 of the best trained experts in the world as
enployess, and these profesionals are dedicated to making sure
aur dnteractive interpretation products are the best in the

wenr 1o, In addition, with an average of 4 users per svsbhem,




Lancmark has about 500 end asers from the largest, the i

and most agogee sgooil conpantes in bthe warld., These
explorationists dally wese Landmack procducts and malking
suggestions about how the prodoacts
them solve btheir interpeetalon problems. Unless Landmark makes a
major mistake, no growg will be able to compete with thig Ltype of
cevel opment  momen it sopecial by a group that is somewhat
isolated from =3 i e dware and sofhwars deval opmants.,
Far example, Merl mion has a plotore of & new soresn that i a
meter souare, has 4000 pixels in each axis, and is being provided
to Landmark for §fr basting of wiability for wuse within owe
industry, with the anderstanding that if the tests are swccesstul
Landmarl will have an exclusive distrubotion of this product in
the oil industry worldwide.,

P

The second catagory sdgoesbed above was for the Ministry of
Fetroleum Industry to buy some of all available interperetation
systems, and tey to copy appropeilate functionality into the
internally developead svesbem., If there is no concern about
performance, responses bime, and the o ting amount a systemn is
ultimately used i might be considered a viable option. It s
a well acoeptead et by the devel opera of dinterachive sclientific
worbstations, in many different specialities, bthat it is not yet
possible Lo Dbuild a truely inte-acbive system that ie hardwaee
independent, This mesans bthat sofbtware can not be taken from one
system and imolensnted on anobher system without rewsiting it by
optimizing data 170, graphics 170, building an effective user
interface, ebo,  This cresates a problemn becaovse of the rapid
hardware developments.

Larmdmark e committed to dsolating enc vsers $feom all of thess
changes., Mo call this antiobsolescence. Gnticohsolescence mean
that forward planning is mace Lo lecting hardware platfoms, S0
that when hew changes occowe Lthey can be easliiy ioplemented on the
system. The +First Landmark sys was delivered with an Intel
BOBE micre o This was upgraded to an BOZES in the field.
In a coupls of months thise systaemn will bhe upgraded to an 20286
with the Uniy opersting eystem. Thie is significant. Landmark
is the firet company in the world to have Unix running on &
micropracessor., In addition, there has only besn one company in
the world, before Landmark, to upgrade an operating system in the
field., This was when Cray FResearch upgraded their systems to
Unix. A leading software developer in England, Dl Les Hatton, a
founder of Merlin Beophvsical and the leader in development of
their SES seismic processing syshem, hasg just formed & new
compary to develaop system independent software. He catagorically
states that software tools can be systen independent only uncder a
universal oparabing syetem Like UNIX. He just as strongly states
that an interactive applicebtions must be closely tied to hardware
that has been optimized for the applications, o they will be too
slow to bhe called interactive,
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To test interactivity, go into any major oil company that has a
Fardware indaepaencent software package (Like ZD ray-trace
madeling) and fimd out what the response time is under normal



working conditions, the impact on throughpot of the procsssing
that the computer was ariginal ly puwrohased for, how much the wuser

interface changes from machine to machine, and how many people
regularly use the softwares. Tt is not possible to jurv—rig an
interactive system. Ry definition, an interactive system must be
internally efficient and tied together so that it provides the

user with response time appropriste to the task. Obtherwise the
system iz not interactive.

Larndmarl believes the only long term viable option for the
Ministry of PFetroleum Industry to modernize seismic
interpretation proceduwres ie bto anter into a mutually beneficial

joint develapment with the leader in interactive interpretation
systens. This type of joint development agresment has several
benaefits, First, bt would provide a means for ol fields to
tmmadiately obtain intoractive svetems for priority projects.
Seconrd, it would tie bthe Bureau of Geophyvsical Frosgpecting’s
development of an interachive interpretation system into the

latest developments in software and hardware. These developments
include UNIX, X-Windows, the Intel 8023846, the IBM RT-FC and other

significant advances that are not public vet. @& third benefit
is that an evaluation of the price-performance of Landmark
products will perove hta bey, by far, the meost ecomnomical solution
te providing an appropriate numbher of interactive interpretation

svatems bto Chinese oil fields.  And fowrth, the transfer of
Landmark technology to the Ministry of Feteoleum Incdustry would

praove to be the gquickest and least expensive means af developing
the capabilitbies to build the Minietry's own interpretation
systems.

In summary, Landmark has participated in this interpretation
project beyvond ow original plans, as a statement of ouwr interest
in doing business wibh bhe Minisbey of Petroleum Incdustery.
t.andmark personnel are available to vieib any of vouwr oil fields
to discuss ouwr btechnol ogyv. In addition arrangemsnts have been
made to provide demonstrations and a detailed disclosuwe of ouwr
technoleogy bto any of you that are interested the remainder of
this week.




