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The depositional cyclicity of Mississippian Carbonates in the Williston Basin is well
documented. Major Sequence Boundaries attests to near complete drainage of the basin (ie. top
of AlidaBeds/ Kisbey Sandsinterval). Sealevel drops of shorter duration also record repeated
devastating shutdowns of the Carbonate Factory with resulting exposure and erosion.

Sealevel fluctuation patterns are repeated throughout the Alida, Frobisher and Midale
Bed cycles. Repetitionsinclude the Transgressive Surfaces of Erosion at the base of Alida
(Handsworth Pool example) and base of Lower Midale (Weyburn Pool example). Peritidal
muddy sediments were exposed and eroded and subsequently flooded and onlapped by higher
energy sedimentsin both cycles.

A major Sequence Boundary separates the Lower and Upper Midale ( Midale Vuggy-
Midale Marly) section. Thisboundary preserves erosiona relief in the order of 10 meters at
Weyburn Pool and the total loss of the Lower Midale section to the east at Benson Pool.

The Upper Midal e section represents a Highstand Systems Tract with potential to
preserve low energy shallow aeolian-derived clay-rich and organic-rich sediments (similar to
modern Belize coastal deposits). These sediments were prone to dolomitization resulting from
restricted circulation and fresh water mixing (Midale Marly reservair).

Vuggy porosity distribution throughout the section further emphasi zes repeated
shutdowns of the Carbonate Factory through time. The Frobisher Beds example from Hastings
Pool demonstrates that vuggy porosity developed contemporaneously with sedimentation. Ripup
clasts with vuggy porosity are eroded and incorporated in the overlying sediments. The porosity
is attributed to repeated exposure and weathering in ahumid climate in order to account for the
extensive porosity development. The lateral extent of vuggy porosity development is hence
directly related to the extent of exposure of these beds. Major Frobisher Beds Sequence
Boundaries may have more erosional topography than previously recognized (eg. Stoughton,
Griffin, Halbrite and Huntoon informal members) and would be alogical stratigraphic
exploration target. The State A Marker represents the Highstand Systems Tract of the Frobisher
sequence (with potential for extensive dolomitization similar to the mudsin the Upper Midale
Highstand) .

Onlap of sediments over the Transgressive Surface of Erosion at the base of Alidaand
base of Midaleiscritical to understanding the reservoir characteristics of these beds (ie. their
updip lateral extent). Aswell, the topographical relief on the erosional Sequence Boundaries (top
of Alida, top of Lower Midale) isimportant for the influence it has on accommodation space
(and hence energy available) for the overlying sediments.
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Comparison of Carbonate Rimmed Shelf (A) versus Ramp/Epeiric Sea (B) Depositional

Sequc_ance Models. The Ramp Highstand Systems Tract floods a very broad area because of the
ﬂaﬁlymg nature of the basin. (Modified after Handford and Loucks, 1993).
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Model for the development of vuggy porosity in response to extended subaerial exposure. The evidence
for early porosity development is based on pebbles with vuggy porosity being reworked on flooding
surfaces. The vuggy porosity is developed in lowstand rather than highstand systems tracts.
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Idealized east-west cross-section through the Midale Formation in southeast Saskatchewan. The
Midale Vuggy unconformity onlaps the Frobisher Evaporite surface. The organic-rich restricted
lagoonal sediments are part of the Midale Marly beds. The Midale Evaporite onlaps the
Frobisher Evaporite at Benson Pool in the east. The Frobisher Evaporite is a weathered exposure
surface with laterite development at Benson and pools to the east.

Lake, 2001.
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Sc%a?ncc Boundary between Lower and Uj gper Midale Beds (Marly and Vuggy). The t&];cr

¢ (Marly) contains organic material, burrowing and a basal lag It represents a Highstand
Systems Tract. The Lower Midale (Vuggy) contains Ortonella mudstones. (A) Overview of
contact (top of core to left). (B) Detailed view of contact showing basal lag. (16-7-5-13W2M).
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 Midale Evaporite Upper Midale (Marly)

Contact between Midale Evaporite and Upper Midale (Marly) beds (k-k). A Marine Regression
occurred above the Upper Midale (Marly) Highstand Systems Tract. The Midale Evaporite
consists of stacked deepening-up cycles. Individual cycles contain basal dolomitized tidal flat
mudstones (often organic-rich) which grade into burrow-mottled mudstones. The Upper Midale
(Marly) was deposited in restricted ponds adjacent to the shoreline and underwent dolomitization
via fresh water mixing. (1-4-4-11W2M, 1653m at k-k contact).



Upper Midale (Marly) Eenwer Midale (VVEEH)

Upper Midale (Marly) Highstand Systems Tract / Lower Midale (Vuggy) Lowstand Systems
Tract contact (D; 1667.5m). Note the high organic contact of basal beds of Upper Midale (Marly)
and the presence of transported crinoids and bivalves (E; 1666.0m). (1-4-4-11W2M).



2D14-34-3-1W2M CIMARRON HASTINGS

GR_ BHCS K.B. 559.5m
5 ] [~
LOWER WATROUS _| =
—
Thiak S —
! > <l
|
B q
r >
B : : ol i v
a - i e
-
-._) 5 L~
| 12 { T
: —
[ Y S ,“
- I — —)
’/_..‘/ N \-‘--_"—__'-_-'
( J— FROBISHER sl ] 5
{ : ' Dolomite: mudst. calcispheres: Anhv: nod, chickenwire, .|_{
9 } J | Dolomite: mudst, vuggy por anhy infill. ' h
S—L ? Dolomite; silty mudst, blocky. ﬁ/
(_,( F*F%E' i#| Limestone: calcisphere mudstone, s 1o pel, vuggy.
B e B
[> A 1250 |g| Limestone: Ortonella mudst, g:?_\p_onc te pel wkest.
( (' : % Limestone: Ortonella wkest, g to olncolite wkest&
. : & . oolite mudst, vuggy por. év_o
) A { : # Limestone: oncolite packst, grades n est, vuggy.
{ 21 ® Limestone: siltv mudst.
\\" ]: Limestone: calcisphere mudst, grades to calcisphe
- 1+ = #| fenestral mudst & Ortonella wkest, ripup
\ : 5 ®| Limestone: coated pellet mudst, few origolites.
N \: LECETE: 4/ Limestone: calcisphere mugst, wavy lams, argillense.
. )i Limestone: Ortonella mudst.
) | - —=hE—=1E | Limestone: pelletal mudst, grades to ¢ ere mudst
l A If : """ Limestone: calcisphere mudstonw, grades to Ortonella
( T wkest & pelletal mudst, vuggy.
] - J | Limestone: calcisphere mudst,
; \‘ : Limcistone: calcisphere mudstone, bdd, grades to sl argil
: < Ie_alclsphera mudst. <r>
' imestone: Ortonella wkest.
\E Il:imastonai Ortonella wkest. bellet udst & oolite wkest
f lm_lastone. calcisphere mudst, vu ydes to sl
T d |argil.
R GEL 3 s =
™~ -lﬁ e | 3 _d -‘-—--"““-\ s
I : P
] T T =5
. ST , T
[ II: _/ "-—’ o —
e L 1275 S 208 1 ) ]
%: N ! Rt 0] !
o o TD-m> )
1 i:
______ _Hole Diameter (HD) Delta-T (DT)
125 (MM) 375 300 (US/M) 100
Gamma Ray (GR)
0 (GAPI) 150
L]




Frobisher
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F | o

Cycles within the Frobisher Lowstand Systems Tract. Individual cycles consist of highly
argillaceous mudstones (erosional bases ~Arg) which grade into vuggy porosity limestones

(Vug). Note ripup clast (with vuggy porosity development) incorporated into the argillaceous

base of the cycle. (Details of this feature in the following core photo). (2D14-34-3-1W2M,
11245-1253m).
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Detail of erosional contact / flooding surface at the top of a typical cycle within the Frobisher
Beds Lowstand Systems Tract. Individual cycles grade up from argillaceous mudstone into
vuggy porosity limestones. Incorporation of a ripup with vuggy porosity development suggests
the vuggy porosity developed by exposure and dissolution prior to the next flooding event.
(2D14-34-3-1W2M, 1244.4m, (G).
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Alida

Transgressive Surface of Erosion pebble lag/exposure surface at the Alida crinoidal/Alida
restricted lagoonal contact. The surface acts as a bottomseal for trapping oil in the
Handsworth Pool (9-21-10-7W2M, 3891 feet).

Lake and Seifort, 2003
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