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1. Purpose of Field Trip

The purpose of this field trip and the lectures is to acquaint participants with the sedimentology of the Middle and
Upper Minnelusa Formation, using outcrops in the Black Hills of Wyoming and South Dakota. The trip provides a good opportunity
to examine in outcrop many of the sedimentary facies that strongly control oil production in the nearby Minnelusa oil play. Along with
study of the outcrops, we review important principles of oil and gas production from eolian reservoirs using modern and ancient oil
field and outcrop examples. These ideas may be useful in analyzing eolian reservoirs for secondary or tertiary recovery operations, or
understanding past reservoir behavior.

Eolian petroleum reservoirs are found worldwide, many having high-volume production of both oil and gas. As with
any geological rock unit, each oil/gas field has production characteristics peculiar to its geological history. However, certain common
factors link most eolian reservoirs. Cross-stratification due to bedform migration can influence sweep direction and efficiency. The
various kinds of primary eolian strata have different poroperm characteristics. Moreover, stacking of sand seas or bedforms through
geological time can create distinctive reservoir flow units in the subsurface. Tectonic activity, especially faults, may create shear zones
with reduced poroperm, or partition a reservoir into structurally defined flow units. Faults may also create high-permeability zones that
allow water breakthrough. Eolian reservoirs are commonly thought of as clean, and rather simple. However, in some places they are
complex in terms grain composition or texture. They are commonly cemented by carbonates, anhydrites or salt, which sets up fabric-
selective or non-fabric selective patterns of secondary porosity in reservoirs.

We hope you enjoy and learn from this trip. The subject of eolian reservoirs is too extensive to cover in the two days of
this excursion, but we will attempt to hit the high points! Meanwhile, always be safe, don’t climb onto exposed places, look out below

you for others and use sun protection.
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High resolution seismic line at North
i Donkey Creek Field, showing an
Upper B sand preserved in
accommodation space where the
underlying B Sand has thinned. This
principle operates worldwide in eolian
deposits. After Frederick, Dean,
Fryberger and Wilcox, 1995
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2. Trip Overview: Field trip localities in the Black Hills, Wyoming and South Dakota
Regional overview Google Earth

Area of field trip stops
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2. Trip Overview: Route Map
Approximately 251 miles of travel

Monday 2 June: Arrive Gillette. Tuesday June 3: Field work Ranch
A (Wyoming) and Redbird Canyon (South Dakota)
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2. Trip overview:

Minnelusa/Tensleep Formations stratigraphy

Permo-Pennsylvanian Rocks of the Northern Rockies

Tensleep schematic cross section Southern Wyoming

Upper Minnelusa

Sauthwest flank of
R Bighormn Mountains
]

ABOUT 150 MILES

Recks of Leenard(?) age and younger

Amgden Formation (Atoka? age) and older rocks

48 —G Linad p 1 and Iature of Upper P

ian and Lower Permian rocks in Wyoming.

Fryberger, Jones and Johnson, 2014

After Inden, et al, 1996

After McKee et al, 1967




2. Trip Overview: Lower Permian (Wolfcampian) isopachs around the Black Hills

Distribution and thickness of “interval A”, “Wolfcampian” =
Lower Permian rocks in Wyoming and adjacent areas. After
McKee, 1967

Black
Hills

200 Regional unconformities in the Permo-Pennsylvanian
rocks of Wyoming. After Foster, 1958

Interval A of Paleotectonic maps

Interval B of Paleotectonic maps
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Subdivisions of the Hartville Formation, SE
Fryberger, Jones and Johnson, 2014 Wyoming. After McKee et al, 1967




3. Ranch A: Middle and Upper Minnelusa outcrops

Ranch A Conférenqa'
Center ]

The Middle Minnelusa outcrops are well preserved. Upper Minnelusa outcrops have experienced solution

collapse of evaporites, although the sedimentology is still well preserved.
Fryberger, Jones and Johnson, 2014




3. Ranch A: Middle and Upper Minnelusa outcrop

i’
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Ranch A Minnelusa outcrop. Lower slope with black shales is Middle
Minnelusa. Upper slope with trees and collapsed sands is the Upper

Minnelusa. Assignment of Middle cliffy sands, the “Upper Red
Zone” of the measured section is uncertain in assignment,.

Pahasapa Fm. limestone in Sand Canyon. It is very
fossiliferous with many broken shells and crinoid Measured section in the Minnelusa at
stem fragments. Fryberger, Jones and Johnson, 2014 Ranch A. After Brady, 1931




3. Ranch A: Bounding surface sketch

- Brady, 19

T | EERETE TN

After Jennings, 1959

Cross section of
Minnelusa near

Sand Creek section at Ranch A

Permian

. Pennsylvanian
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3. Ranch A: Eolian dune and sabkha bedding in Upper Minnelusa
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Eolian ripple and avalanche
Eolian sabkha bedding strata, mostly cross-bedded.

Eolian cross lamination Fryberger, Jones and Johnson, 2014

Recessed weathering along
clay rich interdune

11




4. Sand Creek South: Middle and Upper Minnelusa outcrop

Fryberger, Jones and Johnson, 2014
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4. Sand Creek South: Middle and Upper Minnelusa outcrop

Fryberger, Jones and Johnson, 2014




4. Sand Creek South: Middle Minnelusa outcrop detail views

Outcrop weathering profile, upper part
of Middle Minnelusa

Rl !l- ! L ]

Crossbedded fossilifeous dolomite,
Middle Minnelusa, outcrop view

Inverse-graded strata in Middle Minnelusa -
Fryberger, Jones and Johnson, 2014 Sabkha sands in Middle Minnelusa 14




5. Redbird Canyon: Field localities

Upper

Minnelusa
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Fryberger, Jones and Johnson, 2014
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5. Redbird Canyon: Road to Redbird Canyon 1, Upper Minnelusa, Opeche and Minnekahta

Upper Minnelusa sands (white), Opeche and Minnekahta on
skyline. On road to Redbird Canyon.

Fryberger, Jones and Johnson, 2014

Tenneco Oak Nelson Canyon
T53N R65W NE SW 10
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| 100 FEET |

@R
dansity

GR-Sonic logs from a Minnelusa well in the
play area opposite the outcrops. After
Fryberger, 1984
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5. Redbird Canyon Area: Intersection of Boles Canyon Road (FDR 117) and Roby Canyon Road:
Upper Minnelusa, Opeche and Minnekahta

West

Fryberger, Jones and Johnson, 2014
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5. Redbird Canyon Area: Intersection of Boles Canyon Road (FDR 117) and Roby Canyon Road:
Upper Minnelusa, Opeche and Minnekahta

Upper Minnelusa sedimentology ) o _
The Upper Minnelusa in this area has most of the features typical of

eolian deposition, however the rocks have been broken up in part by
faults and collapse associated with dissolution of evaporites. It is
still possible to identify original genetic units in outcrop. Open
fractures such as those seen here in outcrop will cause increased
production rates, although they may also create bypassing and poor
overall sweep depending upon specific field parameters and
production techniques.

Cliff of Upper Minnelusa on Boles Canyon Road. Irregular and
broken up aspect is due to dissolution of evaporites in
underlying Minnelusa. Fryberger, Jones and Johnson, 2014 18

Eolian cross lamination, inverse graded and fractured




5. Redbird Canyon: Outcrop localities 1 and 2 (views) and outcrop study area (After Tromp 1981, 1984)

Fryberger, Jones and Johnson, 2014
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5. Redbird Canyon (1): Upper Minnelusa sands and dolomites

Edge of solution-collapse structure

Alternating recessed eolian sandstones and resistive dolomites of the Upper Minnelusa Formation, Redbird Canyon, South Dakota. Displacement
on the left is the edge of a graben formed by dissolution of evaporites, followed by solution-collapse.

Fryberger, Jones and Johnson, 2014
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5. Redbird Canyon (1) (Tromp’s locality) Middle Minnelusa near-shore marine carbonates and eolian dunes

The Middle Minnelusa at this outcrop represents a “drying upward” sequence, as dunes become more and more important in
the outcrop towards the top. The Upper Minnelusa Formation above represents the culmination of this process, with extensive
evaporites replacing marine dolomites and limestones, and influx of dune fields over the region.

Red Marker?

Outcrop section in Middle Minnelusa. Shaly Middle Minnelusa transitions upward to

Measured Section of the Middle and Lower eolian dune and sabkha sediments weathering as resistive units near the to of the slope.
Minnelusa Formation, Redbird Canyon, South

Dakota. After Tromp, 1981, 1984
Fryberger, Jones and Johnson, 2014 21




5. Redbird Canyon (1) Middle Minnelusa: Sedimentology of aeolian sabkha and dune sands

Ancient Minnelusa eolian sabkha. Modern Saudi Arabian eolian sabkha

“w !

Modern salt ridge structures formed on a sabkha along the Arabian

Eolian sabkha deposits, consisting of irregular strata formed Gulf. After Fryberger, et al, 1984
by salt ridges with some interbedded eolian laminations. Fryberger, Jones and Johnson, 2014
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5. Redbird Canyon (1) Middle Minnelusa, Permeability of aeolian dune sands

Much of the critical flow effects of eolian cross bedding and cross strata are due to
strong differences in porosity and permeability between individual laminations, as
illustrated in the two figures below. The isolation of permeable laminae by tight
laminae may drastically reduce sweep efficiency in rocks that, on standard logs and
core plugs, appear quite permeable. These microfabrics also, potentially, create
anisotropic sweep tendencies in the rocks.
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- Gurchanssd Durs il Lihafsms Laminar —scale variability of permeability,

measured with a minipermeameter. After
Core from eolian strata in Auk Field, Permian Weber, 1987
Rotliegend sandstone, UK. North Sea. Brown Stacked sets of eolian avalanche and Ripple strata,
laminae are oil stained, red laminae have no oil. Middle Minnelusa. Some erosional bounding

After Trewin, Fryberger and Kreutz, 2003 surfaces highlighted with black lines.
ryberg Fryberger, Jones and Johnson, 2014 gnig
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5. Redbird Canyon (1) Upper Minnelusa in core

Il Ripple strata

Avalanche strata

sabkha

T i 2 o iy -_ = L
Core from the Upper Minnelusa at the Pan Am 68 Unit Well, showing oil-
stained eolian cross lamination. Despite the even stain, differences in

] ] permeability among individual laminae may complicate sweep of hydrocarbons
Core from the Upper Minnelusa at West Mellott Field, to the producing wellbore.

showing dune, interdune and sabkha deposits
g P Fryberger, Jones and Johnson, 2014 24




5. Redbird Canyon (1) Middle Minnelusa aeolian dune sands

Fryberger, Jones and Johnson, 2014




5. Redbird Canyon (1) Middle Minnelusa aeolian dune sands

Wedge-shaped lamination sets in eolian Minnelusa

Stack of inverse-graded cross strata, multiple cross bed sets

Fryberger, Jones and Johnson, 2014
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5. Redbird Canyon: Minnelusa contact with Pahasapa (Karst?)
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6. Hell Canyon, South Dakota: Upper Minnelusa eolian and evaporite deposits

Hell Canyon outcrop

Dewey Road T Junction

Fryberger, Jones and Johnson, 2014 28




6. Hell Canyon, South Dakota: Upper Minnelusa eolian and evaporite deposits

This is an excellent outcrop to view basic Minnelusa eolian
facies interbedded with evaporites.
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Hell Canyon Upper Minnelusa outcrop
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6. Hell Canyon, South Dakota: Upper Minnelusa eolian and evaporite deposits

Eolian strata, slightly
irregular.. These strata
tend to be the best
reservoir in eolian rocks

P

Eolian avalanche strata showing individual sand flows separated by pin-stripes
Avalanche strata and pin stripes

Fryberger, Jones and Johnson, 2014 30




7. Minnelusa Regional Geology: Permian Facies Map

This 1954 lithofacies map by Agatston is interesting because it shows the
evaporites in the Black Hills, and the carbonates of the Lusk Embayment to

the south. Generalized loss of carbonates into the dune fields of Central and

Western Wyoming is accurate for Lower Permian rocks, in general.
Compare with Fryberger figure on page 41 showing the Lusk Embayment,

based on drilling in the Minnelusa play through 1984..
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Lithofacies map of Eastern Wyoming during Lower Permian.
After Agatston, 1954

Below: Typical lithological distinctions between
Pennsylvanian and Permian Rocks, SE Wyoming.

After McKee et al, 1967

Fryberger, Jones and Johnson, 2014
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7. Minnelusa Regional Geology: Minnelusa-Tensleep age relationships

The slide on the left follows the
classic 1972 map by Rascoe and
Baars showing the Distribution of
Permian Upper Minnelusa (yellow)
overlain on the underlying
sandstones of Pennsylvanian age.
These maps define an oil and gas
play fairway extending from
Montana through Utah.
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Fryberger, Jones and Johnson, 2014
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7. Minnelusa Regional Geology : Middle Minnelusa isopach

Sheri

Buffalo

Middle Minnelusa Thickness (ft.) Desmoines, Missouri, Virgil
. After Trotter, 1984

Fryberger, Jones and Johnson, 2014

Cross sections are shown on
page 35.
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7. Minnelusa Regional Geology : Upper Minnelusa Isopach

Gillette

Upper Minnelusa Thickness (ft.). After Trotter, 1984

NewcaNtle

®
A’

Cross sections are shown on
page 35.

B’




7. Minnelusa Regional Geology: Regional Cross sections

a
NORTHWEST SDUTHEIAST
aREY ROTALTICS saM gaRy SEFF HAWKS MK EXPL GO THORSCM § WOLD THE CORONADD €O A’ PHELL OIL €O
t =g e e 1~ GALLES 2eG0WT LPTON WATER: WELL 200N T Yii6 STATE
NE 5w 765521 NN ME 2295538 SW 5w 23 -84 - 67W W R HE T - SR WSS 35 -40N- 65 NESW 13 - 46K -B4% MW KT 16 - SZN - 62w

k N\N e i e —— B - - 23mi = i = S—E

|

[ 2
| - e

| | = i

r Mmﬂelgsa (Atoka Morrow);ﬂ !

LOG SECTION 15 B XED TD

The routes of these

Minnelusa Cross Section A-A’. After Trotter, 1984 cross sections is
shown on pages 33

s e NE - and 34

SOUTHWEST

ELL OIL ¢ FURE 08, CO CALFDRMIA DR CO TRUE G CO. M CXPLORATION €O ST CORP BYESTORS ORELING
3 - i T GO SEHOCANER | CHEMBERS 829 BURROWS 1 St MO
s YT SE L KW 20 8RN - TEN W SE 75 48N=TIW W SE % mAW [ S P— HE 5w 33- 52N AW gyt —

s e BTm

Wyoming

€- 106 SECTION B-8
FIGURE T

wosmseran | o |

Mississippian” i e

FRURES 13 IO b TG B

o o

SW to NE Minnelusa Cross Section B-B’. After Trotter, 1984)

Fryberger, Jones and Johnson, 2014 35




7. Minnelusa Regional Geology: Minnelusa Play Fairway
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7. Minnelusa Regional Geology: Minnelusa production by zone
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Fryberger, Jones and Johnson, 2014 37




7. Minnelusa Regional Geology: Correlation diagram Permo-Penn

This correlation diagram is focused on the distribution of various sands in the Permo-Pennsylvanian rocks that are
considered to be eolian by most workers. Most have oil or gas production somewhere in the Rockies.
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7. Minnelusa Regional Geology: Evaporites in the Minnelusa in Black Hills outcrops

Evaporites are irregularly distributed in the Upper Minnelusa. This
may reflect uneven distribution in the ancient, as well as dissolution
in present day exposures. There are few examples of thick
evaporites in nearby play fairway of the Upper Minnelusa. The
most conspicuous evaporites are in the B Dolomite of the fairway.

These evaporites thicken and thin in response to underlying —
topography. g

After Brady, 1968
Fryberger, Jones and Johnson, 2014 40




7. Minnelusa Regional Geology: Wind regimes, lithological cycles and small scale genetic units

This regional map illustrates, using dipmeter data, the tendency for southward
migration of Minnelusa dunes into the Lusk Embayment.
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7. Minnelusa Regional Geology: Minnelusa/Tensleep sedimentation styles

e " e =L A
Middle Minnelusa at Guernsey Reservoir, Wyoming: marine limestones Ingleside Formation at Owl Canyon, near Livermore, Colorado: Lower Permian
interbedded with shoreline and eolian sandstones of the Lusk Embayment. marine Carbonates interbedded with eolian dunes and sabkhas. View to north.

Casper Fm.
eolian

Casper Formation at Sand Creek near Laramie, Wyoming: Permo-Pennsylvanian
Tensleep Formation at Flat Tops near Medicine Bow, Wyoming: Crossbedded Crosshedded eolian dunes interbedded with Fountain Formation fluvial sands
eolian dunes impregnated with oil, and barren flat bedded eolian Sab,ﬁ'??berger Jones and Johnson. 2014 42
deposits ' ’




7. Minnelusa Regional Geology: Lithological styles in the Permo-Pennsylvanian rocks of Wyoming

This diagram is presented for discussion. It shows realms of sedimentation in the
Permo-Pennsylvanian rocks in order to illustrate different lithological styles —

regardless of age. The edge of known Permian rocks is shown by the dashed line. Field trip area in Black Hills
T E
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Realms of Tensleep sedimentation: facies style
Different colors represent unique styles of sedimentation. These different styles of sedimentation result

in different reservoir flow properties and flow units.

Fryberger, Jones and Johnson, 2014
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8. Modern and Ancient analogues: Basic Dune Types

Modern Analogues: Eolian dune
type and formative wind regime

Dune types

depend upon wind direction |:>

Barchanoid — 1 wind direction

Star — 3 main wind Directions

After Fryberger, 1979

Fryberger, Jones and Johnson, 2014
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8. Modern and Ancient analogues: Basic Dune Types with barchanoid subtypes

Dune type sets the basic arrangement of cross-strata within an eolian genetic units that ultimately becomes part of an eolian reservoir.

Dune types and sub-types

Basic Dune types Barchanoid dune sub-types

Barchan dunes. Arrow shows main wind direction Blowout Reversing
Linear dunes. Arrows show two main wind directions Parabolic Barchanoid ridge
Dome Transverse ridge

Star dunes. Arrows show three main wind directions Dune varieties produced in unidirectional wind regimes, after Fryberger, 1979.

After Fryberger, Krystinik and Schenk, 1991

Fryberger, Jones and Johnson, 2014 45




8. Modern and Ancient analogues: Basic eolian cross bedding and facies
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Fryberger, Jones and Johnson, 2014

FIGURE 5 - THE FOUR EDLIAMN FACIES. INTERDUMES ARE BETWEEN DUMES
IN THE “DUNE COMPLEX.™
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8. Modern and Ancient analogues:
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8. Modern and Ancient analogues: Crossbedding within dunes, salt ridge structures

Ripple strata

Avalanche strata

Trench in a barchan dune in Saudi Arabia. Which way did
the wind blow?

Bumpy salt ridge structure and light sand infill by wind,
Saudi Arabia

After Fryberger, Krystinik and Schenk, 1991

Stratification in a coastal retention ridge, Brazil, after Bigarella (In McKee, 1979)

Eolian sabkah deposit, Saudi Arabia. Note mix of salt ridge
structures and dry eolian ripple strata.

Fryberger, Jones and Johnson, 2014
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8. Modern and Ancient analogues: Wahiba Sands, Oman. Dune facies distribution
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Aeolian dunes and sand terrains of the Wahibas: A, Satellite image of the Wahibas with analysis. B, Land systems in the Wahiba region, (after

Jones K.D.C, et al., 1988).
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8. Modern and Ancient analogues: Large scale genetic units in outcrop
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Lithified outcrops of the Late Pleistocene- Ay e ‘ Ppey Dhune Unil
Recent Wahiba Sands along coastal cliffs e — e s
i ; o B ————
reveal the true potential complexity of o e I i pias
- Q Michdle Samd. Sheet —_———

eolian reservoirs at large and small scale.

Outcrop images and all flow analyses diagrams after Hern,
2000; and Fryberger, Hern and Glennie, 2010

Schematic breakdown of major genetic units on the Ras Ruways (Qahid)
cliffs. After Hern, 2000.

i o

. v "
N el S -Sheo

Elpgeman Diaie Ll =
1o

pmm—— I bd-mmal -pall

(I J— i e o T T
T === hlickillc IR BN RSN

_11.:.' by’ -
e L Laaveess | 20104 LidekE”

) Chiterops of the Al Qalud vt of the Waluba Sands north of Bas Ruwas, A wlhimbung dunes in the
Upper Dune Unit. B, build-pnd=Ell in the Upper Dune Unit

Fryberger, Jones and Johnson, 2014 50




8. Modern and Ancient analogues: Large scale eolian reservoir units in SE Wahibas

Small cross bed set
Large cross bed set

< gpper Dune Unit

=

Middle Sand-Sheet

Lipper Pune Unit

Middle Sand-Sheet

Lower Dune i

Slump

Dunve interbedded in sand-sheet
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8. Modern and Ancient analogues: Intermediate scale genetic units in outcrop

Wahiba Sands SE coast, lithified
carbonate and quartz eolian dunes

Dictanl virw of csticrop near figure 31 showing small-scale micecalatzom of sand-shoet (light and dark
taoean shading) and secdiss dose wands.  Bold, mosly (latind dasked leses show seaclong surfnce beteen
heddforms and seolian oes proups. Lower-mnk growth sirfaces shoan by dottes] mes. Magor stackang surface
betacen Uppet Dune Uit smnd Middle Sand-Sheet ss shown by sed dasdid bine Samd-sheet Sepomits were
prebably common i the Upper Thine s during early sages of deposizion

Tt bande mressspermenn of the gy and Lower Dhine Units and the Msddls
Sand-Shoct Unit pess Bl Kuways. The Meddlc Sand-Sheet 15 buotarbatod beneath the very
lows rank crossomal bounding surface siop the sand-sheet. Nete interonlation of sand.aheet
atad Ulppet Dt Usst Lovier bounding airface of the Middle Sand-Shoet i epostonal  Thin
|wmmkmu-ﬂ1ﬂh‘ﬁtniwmt||11J'|t1.:|;l,'l¢rlh.l1rl"m|
iakmaded brown) , and the dune snds m the Muddle Sand.Shoot {dnded yellow). Sacking
sunrfaces i the Upper Disse Ut of beatfioems or facies shown by geeen lines. Geowth

- . ; sinfaces ropresmtmg allevmaie deposition and evesion of portees of @ mnprsting, ine
Middle Sand-Sheet shpdace me shirwm m blue B hnes dws chips of promany asoliss npple or malanche strata
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8. Modern and Ancient analogues: Intermediate scale genetic units in outcrop
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8. Modern and Ancient analogues: Small scale genetic units in outcrop

Above, and right; Eolian ripple laminations and
vertical burrows, Ras Ruways area, Oman

Rioturbation in the seolian deposits. mamly the sand-sheets. A Vertical insect burrows in nipple stratn of the
Meddle Sand-Sheet. B, Bumrows mad contorted strata i Middle Sand-Sheet. C, Uptumed strala associated with vegetative
growth in Middle Sand-Sheet. black dashed lines show position of ancient plant rhizomes, whate lines show distortion of
shand sheet h:i.:l.mg pml.lurcllh the ]:ll.ml_ D, Insect trail om !Ii]zf:m: t'eﬂpmi.h, Upper [hirve Unat.
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54




8. Modern and Ancient analogues: Petroleum production model

Injector-Producer model based on Al Qahid outcrops along Coastal Wahiba Sands, Oman. Model courtesy of Caroline Hern,
Shell E and P Houston (SEPCO)
INJ PROD

Upper Dune Unit

Mocisl dirpraren, 1300 i
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— Pidcion in pormectiy cassad

The Qahid oucrops of the Wahiba Sands (lithified) considered as acolian petreleum reservoirs, A, Severe isolation of two
producing wells, and inefficiency when obstruction caused by small bounding surfaces and primary strata are consadered. The result is
limited sweep of the acolian reservoir. B, Sweep diagram near two wells, one of which is an injector, the other a producer when only the
major genelie umis are considered as ow barmers. This resulis m moderately good sweep, alilough it s possible 1o observe some significant
unswepl areas between the two wells - for example within the crossbedding and twio units 1solated by the “unconformity™ produced by the
exposure pattem seen on outcrop, Green shows swepl arcas, yvellow amd orange show unswep areas.
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8. Modern and Ancient analogues for eolian reservoirs: Petroleum reservoir data and reservoir model
Fall [hine nldup

Mark A, Chandler et al 665

Figures above and below after Carapace of kow sllectnve permsgaln ey stgrial
) . renalliig lrom migaaion & &l of geoimoiphieg
m:mwfu?;fe*m-l.m;wﬁuaw:.mnm.mwmnm?&nnrm Hern' 2000’ and. Fryberger' ECComensdBion space by mmaller, Lavier moying
e Hern and Glennie, 2010 bedioamn

Injeciorn ﬂ
PrioxSezer

Ehl afuraismes

A. Preferred flow at small (laminar) scale predicted from
minipermeameter measurements in Jurassic Entrada
Sandstone. Minipermeameter data from outcrop. After

Chandler, et al 1989
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8. Modern and Ancient analogues for eolian reservoirs: Minipermeameter data and upscaling steps
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Laminar scale permeability variation, and upscaling procedures

Fryberger, Jones and Johnson, 2014

After Mikes, 2006
57




8. Modern and Ancient analogues for eolian reservoirs: Linear dunes of the Wahiba Sands

C

Creomanphalogy ol the secondary bedlomes of the ncar megadunes. A, I the cament wind regime small bnear dunes are growimg over and mio the
megadunes, adding volume, an active process we obaerved o the grousd. Wind mscroenvironments created by megadunes is soms places causes linear dunes o
conyverge. a5 i toded portion of this image. View o south, megs courtesy of Gooagls Eanh. Yellow shading sheows higher pans of several megadanes to asamt reader.
B. View of a small lmear dume just north of’ Al Roha, slipface has grown on the cast side of dune dise o sandsionm from the wesl. View o porth, O, Growth of small
linssar diunss osciurs from extension of snd iengues, sometimes aa arms of harchanosd elements formed durmg sioems View 1o soath . [, Barchanoid ridge duncs
developed atop ane of s lincsr megaduives near Al Raha. 1o wister, sliplaces commenby Oep towanks e cast m resporise 1o relatively weak noctbwestaly shamals.
Wiew to soush toward Al Raha, whach is just out of sight @ distance.
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8. Modern and Ancient analogues: Auk Field, Northern North Sea

Location and stratigraphic column, Auk Field
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After Trewin, Fryberger and Kreutz, 2003
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B

Map and cross secton showing location and stratigraphy of Auk Permuan Rothegend ail field. A, Auk 13 located in
the Northem Permian Basin of the UK. Ol is sourced from Kimmeridge (Cretaceous) shales downfulied below the
Rotliegend on the northeast sude of the field. On the stratigraphic column, linear megadunes imounat 2 are suggested by the
orange colour, The vellow suggesis the infill of the lincar megaduncs by barchanond diumcs reworking them in a manner simalar
1o the norhermn Wakhibas. In thas field, the (vellow) barchanoid dunes contam most of the ol and the best reservoir properties,
whale the Imear duncs, mamby compnsing pooriyv-soricd nipple strata from the preserved flanks are poor o non-reservoir, Chl-
water contact is very gencralized but expresses the overall satuation in higher struchiral positeons within the ficld
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8. Modern and Ancient analogues: Auk Field, UK North Sea seismic and map data

Auk field eolian oil/gas reservoir, UK North Sea

bt
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Geological cross section in W-E direction through Auk Main block and into the Central North Sea
Graben, illustrating the trapping of hydrocarbons to the west against Aptian shales.

Fryberger, Jones and Johnson, 2014
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Top Rotliegend structure map and well locations, Auk field. The
Zechstein is only preserved in the west part of the field, towards the east
Early Cretaceous erosion has removed all of the Zechstein, and cut into
the Rotliegend reservoir.

After Trewin, Fryberger and Kreutz, 2003 U




8. Modern and Ancient: Auk Field, UK North Sea
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8. Modern and Ancient analogues: Auk Field geological model

Modern analogue in Northern Wahibas, Oman
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