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Abstract 
 

The Frobisher-Alida and Tilston intervals are log-marker defined stratigraphic units within the Mississippian Madison Group.  The Frobisher-
Alida interval is a third-order sequence, while the Tilston interval is the uppermost fourth-order cycle within the underlying third-order 
sequence.  These intervals consist dominantly of carbonate and evaporite lithologies.  Cores will illustrate porosity occurrence in the different 
types of flow units that characterize the Frobisher-Alida and Tilston intervals in western North Dakota.  The Bluell-B1 dolostone flow unit in 
Elkhorn Ranch field represents a lagoonal facies.  Porous stromatolitic dolostone occurs widely in this facies but the best reservoir quality is in 
a burrowed dolostone subfacies that formed near the center of the lagoon.  Rival limestone reservoirs in Indian Hill and Glass Bluff fields 
represent a bar-island-shoal complex.  Interparticle and fenestral porosity occurs in skeletal-oolitic-pisolitic packstone and grainstone.  
Sherwood-E dolostone in Davis Creek field and Sherwood-C dolostone in Big Stick field represent a restricted-marine facies.  Intercrystal 
dolomite porosity occurs in burrowed, peloidal mudstone.  The Glenburn-A calcareous dolostone flow unit in TR field represents a low-energy, 
open-marine facies.  Intercrystal dolomite porosity occurs in the matrix of skeletal wackestone and packstone.  A middle Frobisher-Alida 
limestone in northwest North represents a high-energy, open-marine facies.  Skeletal grainstone is the dominant lithology.  Effective porosity 
occurs in interparticle pores between crinoid and bryozoan fragments.  A lower Tilston limestone flow unit in southwest North Dakota formed 
in a vast oolitic shoal that extended from North Dakota to Wyoming.  Porosity occurs in interparticle pores between ooid grains. 
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Galloway, 1989

Surfaces and 
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after Embry, 
1993, 2002, 
2009

Sequence 
stratigraphy 
after Petty, 
2010



Iverson 1A 
9428’

Midale-Rival (Facies III) 
Contact in 

Glass Bluff field

Midale-Rival contact = MFS

Midale black skeletal wackestone; 
estimated depth of deposition = 40-60 m

Rival facies III with black Midale 
sediment fill in fenestral pores; 
estimated depth of deposition = 0-5 m

Photograph 
from NDIC



Facies II
Lagoonal Environment

Stromatolitic Boundstone, Intraclastic-Peloidal-
Calcimicrobial/Algal Wackestone & Packstone

Dolostone Flow Units

Cores
State #1-16; 144-101-16 SESW (NDIC # 9578): 9460-9470’
USA # 3-29; 144-101-29 NWSE (NDIC # 9182): 9240-9250’
Fed. # 1-33; 144-101-33 SESW (NDIC # 10229): 9290-9302’
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Calcispheres in Facies II

• Calcispheres are walled, spherical grains with a diameter of 60—
250 μm (Scholle and Ulmer-Scholle, 2003)

• A range of origins have been assigned.  Paleozoic calcispheres are 
most commonly referred to as algae or problematica.

• In the Mission Canyon, calcispheres are very common in facies II; 
they are characteristic of stressed environments

• Calcisphere-moldic porosity commonly occurs in the best facies II 
reservoir rock in the Bluell-B1 zone (next slide top photographs) 
and other facies II zones (next slide bottom photographs).













Depth  Porosity 
 Ka
9290-91 0.4 0.11
9291-92 11.1 0.26
9292-93 0.5 0.15
9293-94 15.6* 1.7*
9294-95 0.5 0.50
9295-96 4.4 0.17
9296-97 15.6* 3.5*
9297-98 18.0* 14.*
9298-99 16.4* 20.*
9299-00 0.4 0.06
9300-01 0.4 0.46
9301-02 0.5 0.08

Facies II

Facies I

Facies II

Facies V

Facies II Data: 144-101-33 SESW; UVI #1-33 (NDIC #10229)

Facies II

Facies II

Facies I

Facies I

IP (1983): 208 BOPD & 49 BWPD (30-day average)
Bluell-B1 (3’) & Sherwood-C (8’)
Cum: 717 MBO
Current: 30 BOPD

* = Average of 3-5 plugs/foot (2” diameter) 
used for routine and special core analysis 
testing

B1

B2
B3

A









Elkhorn Ranch Field
Bluell-B1 Flow Unit Development

= Bluell-B1 Vertical Completion
= Bluell-B1 Horizontal Completion

• Vertical development during 1970’s-
1980’s; some individual B1 
completions produced >500,000 BO

• 3 new-drill horizontal wells drilled 
1997-2013 with average production 
of 397 MBO as of mid-2021

• 9 re-entry horizontal wells drilled 
2006-2007 with average production 
of 198,000 as of mid-2021

Map of Maximum 
Bluell B1 Porosity
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Barrier Bar-Island/Shoal Complex

Skeletal*-Oolitic-Pisolitic-Intraclastic-Peloidal 
Grainstone & Packstone

Skeletal* = 
Calcareous Algae & Calcimicrobial Grains Landward

Open-Marine Grains Seaward

Limestone Flow Units

Cores
Hicks #1, 151-102-6 N2SW (NDIC #10536): 9470-9502’
Iverson #1A, 151-103-1 NWNE (NDIC #10942): 9425-9450’
Deer Pass #20-1, 153-101-20 SESW (NDIC #10431): 9060-9090’
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Facies IV
Restricted-Marine Facies

Burrowed, Sparsely Fossiliferous, Peloidal 
Mudstone-Wackestone

Dolostone Flow Units

Cores
State #32-33, 139-100-32NWSE (NDIC #12430): 9276-9302’
David 1-25, 142-101-25 SWNE (NDIC #7273): 9410-9430’



Modified from 
cross sections in 
Petty (2010)

Rival, Bluell, 
Sherwood and 
Mohall correlations 
between north-
central ND and 
southwest ND taken 
from LeFever and 
Anderson,  1989

= Location of 
facies IV cores

Frobisher
-Alida 
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Model



Facies IV: 
Restricted-
marine

Facies I: Supratidal-intertidal

Grey = Oil fields with 
secondary or minor 
production from Sherwood-E

Black = oil fields with 
Sherwood-E as main flow unit

Sherwood-E Facies 
Southwest North Dakota 

Modified from Petty (1996, fig. 17)
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Low-relief, intertidal to shallow 
subtidal shoal-barriers allowed 
high-saline waters formed in 
sabkha-salina to flow seaward 
(suggested by Fischer et al., 1987)

Restricted-marine conditions 
induced by saline waters that 
stressed environment
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30-day IP: 1,732 BOPD &  0 BWPD
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0 100
GR API Core Porosity

20 10 0
0 100

GR API Core Porosity
20 10 0

30-day IP: 58 BOPD &  23 BWPD
Cum: 203,467 BO & 371,702 BW

Facies IV

Facies III

Sherwood-E

Sherwood-D

Sherwood-C
Facies II

Facies IV

T139N-R100W Sec. 32 NWSE
State #32-33 NDIC #12430

T142N-R101W Sec. 25 SWNE
David #1-25 NDIC #7273

E E’Stratigraphic Cross Section E-E’

Landward (Updip)

FGRM

FGRM = Fryburg gamma-ray marker bed = K1 marker bed = base Sherwood 

FGRM

Tightly 
Cemented







Modified 
from 
Petty, 1988, 
fig. 14
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Routine Core Analysis Special Core Analysis
 Permeability to air (md) Type Plug Data
Depth Max. 90 degree Vertical Porosity Analysis Depth Porosity Perm. (Ka md)
9410-11 46  58 20.0 Plug 9410-11 19.5 30.0
9411-12 88  73 22.0 Plug
9412-13 48  41 18.3 Plug  9412.5 20.7 42.1
9413-14 122  169 23.1 Plug 9413.0 22.3 44.3
9414-15 220 195 235 17.8 W.C. 9413.5 21.0 17.6
9415-16 327 325 386 19.5 W.C. 9415.0 22.9 73.9
9416-17 36 27 15 10.8 W.C.
9417-18 69 64 67 17.2 W.C. 9417-18 24.7 129.0
9418-19 80 73 26 18.0 W.C. VF 9418-19 19.2 22.0
9419-20 1935 1.8 1094 2.6 W.C. VF
9420-21 254 126 64 19.0 W.C.
9421-22 514 503 436 20.1 W.C.  9421-22 24.4 109.6 
9422-23 697 503 630 21.6 W.C.  9422.0 23.4 113.0
9423-24 752 641 547 19.9 W.C.  9422-23 21.0 80.5
9424-25 0.29 2.8 13 17.9 W.C.
9425-26 287 260 132 16.6 W.C.
9426-27 0.16  36 6.7 Plug
9427-28 194 193 13 17.2 W.C.
9428-29 3.8  2.3 12.1 Plug
9429-30 17 17 11 10.3 W.C.

Note: whole-core routine-core analysis permeability data is not valid

David #1-25; 142N-101W, Sec. 25 SWNE; NDIC #7273



Depth Ka Ø%

Top K-1
Top Mohall

Facies III
Limestone: medium-grained microbial-
intraclastic grainstone at top, transitional to 
very fine grained, intraclastic-skeletal 
grainstone at base 
Low porosity; calcite-cemented

Facies IV
Dolostone: sparsely fossiliferous, peloidal 
mudstone-wackestone
Intercrystal porosity
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State #32-33; 139N-100W, Sec. 32 NWSE; NDIC #12430



Facies V
Open-Marine (Low-Energy)

Skeletal Wackestone & Packstone

Dolomitic Limestone and
Calcareous Dolostone Flow Units

Core
State #4-23; 141-101-23 SESW (NDIC # 6701): 9173-9191’



Modified from 
cross sections in 
Petty (2010)

Rival, Bluell, 
Sherwood and 
Mohall correlations 
between north-
central ND and 
southwest ND taken 
from LeFever and 
Anderson,  1989

= Location of 
facies V core

Frobisher
-Alida 
Facies 
Model
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State #4-23 NDIC #6701
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Facies VI
Open-Marine (High-Energy)

Crinoid-Bryozoan Skeletal Grainstone:
Mounds or Mechanical Accumulations

Limestone Flow Units

Core
Wehrman #1-19, 163-101, Sec. 19 (NDIC #8721): 7216-7246’
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Frobisher-Alida

= Dominantly skeletal grainstone; 

G’G #8721 Wehrman 1-19
163-101-19 SESE

010010010
N-D ɸN-D ɸN-D ɸ

= Microcrystalline Dolostone
= Cherty Packstone & Wackestone

1981 discovery well  
for Big Dipper field 
Red River cum:
325, 807 BO

#9482 Carter 1-5
163-101-5 SENE



Core depths 7216-7246’ in the Wehrman #1-19 core (NDIC #8721) consists dominantly 
of crinoid-bryozoan grainstone with good visible interparticle porosity



7242’; Ø = 12.0%, Ka = 89 md

Facies VI: Crinoid-Bryozoan 
Grainstones with Good 

Interparticle Porosity and 
Good Permeability

X25

Wehrman 1-19, 163-101-19 SESE
7241’; Ø = 11.0%, Ka = 123 md

X25

Wehrman 1-19, 163-101-19 SESE

Wehrman 1-19, 163-101-19 SESE

X25

7241’; Ø = 11.0%, Ka = 123 md



Wehrman 1-19, 163-101-19 SESE
7244’; Ø = 12.6%, Ka = 46 md

Wehrman 1-19, 163-101-19 SESE
7244’; Ø = 12.6%, Ka = 46 md

Wehrman 1-19, 163-101-19 SESE
7244’; Ø = 12.6%, Ka = 46 md

X25

X25 X25

Facies VI: Crinoid-Bryozoan 
Grainstones with Good 

Interparticle Porosity and 
Good Permeability



Tilston
Oolite Shoal Facies

Oolitic Grainstone and
Skeletal-Oolitic Grainstone

Limestone Flow Unit

Cores
Jacobs #F14-24-P; 134-96-24 SWSW (NDIC #511): 8051-8110’
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134-96-24
Jacobs #F-14-24P

NDIC #511

137-87-14 141-82-15

Datum: Top Bottineau/Lodgepole
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Note: the base-Tilston log marker corresponds exactly with the biozone boundary between 
Mamet foraminifer zone 8 and zone 9.  This is the best-constrained biozone boundary 
within the Madison (Petty, 2005).



8100 Log Depth

8100 Core Depth

8050 Log Depth

8050 Core Depth

Top Lower Tilston

Base Lower Tilston Interval= base Frobisher-Alida = base Mission Canyon Formation
Top Bottineau Interval = Top Lodgepole Formation

8018-23: Dolostone; burrowed skeletal mudstone
8023-26: Cherty grainstone (base) to packstone (top)

8026-35: Limestone; porous oolitic grainstone

8035-51: Limestone; calcite-cemented oolitic 
grainstone

8051-83: Limestone; porous oolitic grainstone with 10% 
skeletal grains and preserved interparticle porosity

Base core

8083-8110: Limestone; porous, skeletal-oolitic 
grainstone, with 17% skeletal grains and preserved 
interparticle porosity

01020
Porosity (%)

134-96-24 SWSW
Jacobs F-14-24 NDIC #511
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