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Previous regional studies of the Wi l l is ton Basin have ex­
a m i n e d b a s i n - w i d e w r e n c h s t y l e t e c t o n i c s a n d 
paleostructure. This study develops similar models on a field 
scale to aid identification of areas in or near existing fields for 
deve lopmenta l dri l l ing or secondary recovery operat ions. 
Geophys ica l studies integrated with geological and engineer­
i ng e v a l u a t i o n s p r o v i d e i n t e r p r e t a t i o n of r e s e r v o i r 
heterogeneities due to faulting, fracturing and facies changes 
on a scale useful for field development. 

Faults and shear l ineaments produce structures and seg­
mentation of Ordov ic ian Red River reservoirs in the southern 
Wi l l is ton Bas in . Product ion histories and pressure data indi­
c a t e s ign i f i can t la tera l d i s c o n t i n u i t i e s a n d n o n - r a d i a l 
drainage. These reservoir barriers can prevent efficient oil re­
covery from intervals wh i ch appear relatively homogeneous 
from log data. A n understanding of these l ineament and 
wrench-sty le deformation patterns can lead to better identifi­
cat ion of undrained reserves and dril l ing opportunities for 
addit ional oil recovery. 

Rework ing of old seismic data wi th new tools and per­
spectives has conf irmed the l ineament orientation on a field 
scale to provide a local model of wrench style deformation in 
the study area. L o w fold (400-800%), structurally ambiguous 
seismic data obtained during the 1970's w e r e reprocessed to 
provide better definition of field structures and fault trends. 
Use of reflection statics and radon stack provided significant 
noise reduction and clearer fault definit ion. These seismic 
data were interpreted in conjunct ion wi th log data and sedi­
menta t ion patterns to identify major fault patterns. The 
integration of seismic interval t ime data and formation thick­
nesses from we l l logs prov ided further understanding of 
deposit ional thinning, fault breaks, and porosity deve lop­
ments on a field scale. 

Assessment of Reservoir Heterogeneity Using 
Production Type-Curves: A Case Study of the 
Red River Formation in Harding County, South 
Dakota and Bowman County, North Dakota 

Mark A. Sippel 

Engineering Consultant, Denver, Colorado 

James E. Junkin 
Petrotek Engineering Corporation, Denver, Colorado 

This w o r k presents results f rom a reservoir c h a r a c ­
terization study to identify areas near producing oil we l ls 
wh ich could benefit from addit ional seismic and geological 
investigations to a id infield dri l l ing. Statistics of drainage 
shape factors, effective pore vo lume and drive mechanisms 
are presented for the Ordov ic ian Red River Formation in the 
southern Wi l l is ton Basin. Screening techniques are also pre­
s e n t e d to a i d i d e n t i f i c a t i o n of p o t e n t i a l r e s e r v o i r 
heterogeneity. 

W e l l s exhibit ing heterogeneous behavior can be targets 
for addit ional seismic and geological investigations to assess 
potential for further primary or secondary recovery by new 
dril l ing. The integrated use of production type-curves, supple­
mented wi th permeabil i ty data from drill-stem tests or cores, 
can produce insights about the degree and nature of reservoir 
heterogeneity. However , using type-curves developed for the 
radial-f low case in highly irregular drainage situations can 
lead to erroneous estimates for kh, S (damage or stimulation) 
and drained pore-volume. A technique has been deve loped 
based upon production dec l ine type-curves and analysis of 
data from mult i-well systems or non-radial drainage areas of 
unknown shapes. Product ion dec l ine type-curves based on 
those previously developed by other authors are appl ied to 
solution-gas drive production data from heterogeneous reser­
voirs in this work. U s e of this technique is demonstrated for 
both simulated and actual f ield data. The curves have been 
successfully used to estimate reservoir shape and we l l drain­
age areas a n d are suppor ted by geo log ica l -geophys ica l 
interpretations of reservoir geometry wh ich are shown by 
example cases. 

The Magic School Bus Inside Devonian 
Dolomites - South Alberta Shelf and Williston 
Basin 

Don L. Kissling 
Jackalope Geological Ltd, Berthoud, Colorado 

Broadly dissimilar textures exist among Devon ian dolo­

mites over the south Alber ta Shel f and Wi l l i s ton Bas in . 

Stratigraphic, facies, and areal distribution of dolomite tex­

t u res a n d t h e i r r e l a t i v e r e s e r v o i r c h a r a c t e r i s t i c s a r e 

documented by careful study of more than 400 cores and 
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3300 thin sections of the Ashern, Winn ipegos is , Dawson Bay, 
Duperow, and Birdbear formations of eastern and north-cen­
tral M o n t a n a , wes te rn Nor th Dako ta , a n d southeastern 
Saskatchewan and the Nisku Formation of southern Alberta. 
This paper attempts a brief excursion inside Devon ian dolo­
mites in the manner of the indomitable, ever unruffled Ms. 
Frizzle of The Magic School Bus*. Inferred origins of dolomite 
textures tentatively proposed herein are based largely on c o n ­
dit ions presumed inherent to interpreted deposit ional and 
burial environments and on the vo luminous literature on 
dolomite, but very little on critical geochemistry. Never the­
less, w h a t e v e r the origins of dist inct do lomi te textures, 
knowledge of their distribution patterns ult imately proves 
useful for predicting reservoir seals and the loss, preservation 
or enhancement of Devon ian reservoir porosity and perme­
ability. 

P redominan t l y anhedra l -mosa ic do lomicr i te textures, 
comprised of interlocking rhombs measuring 10 μm and in­
te rp re ted to h a v e b e e n depos i ted under h igh ly sa l i ne 
condit ions in salina to peritidal facies, characterize entire for­
mations or members (i.e. Ashern, Grotto) and individual strata 
or sedimentary infill wi thin other formations (i.e. W i n n i p e ­
gosis, Duperow, Birdbear, Nisku). Tight dolomicri te serves as 
vertical and updip reservoir seals. Suggested modes of forma­
t ion a re : 1) subaqueous prec ip i ta t ion of do lomi te f rom 
sub-gypsum brines, 2) syndeposit ional dolomite replacement 
of aragonite and calci te existing subaqueously beneath sub-
gypsum brines, 3) by repeated wett ing and evaporation of sea 
water over broad tidal flats, or 4) by shal low-burial brine 
reflux. 

P r e d o m i n a n t l y euhedra l do lomic rospar and coarser 
dolospar textures consisting of rhombs measuring 10-63(im 
and >63 μm, respectively, having appreciable intercrystalline 
porosity and often accompan ied by moldic, intraskeletal, and 
vuggy porosity, are developed in marine shelf, biostromal 
bank, Amphipora shoal, lagoon-fi l l, and peritidal facies. W i d e 
variations in porosity are partly a function of original deposi­
t ional textures and carbonate constituents. Intercrystall ine 
pores typical ly measure 10-200 μm in dolomicrospar and 
20-500 μm in dolospar, and chalky microporosity is notably 
rare. These textures, comprising the bulk of Devon ian reser­
voirs, are be l ieved to have resulted from seepage reflux 
dolomit izat ion; that is, mole-by-mole replacement of arago­
nite and calc i te by dolomite precipitated from sulfate brines 
substantially enr iched in M g ions and depleted in Ca ions, 
either in shal low-bur ia l settings or in deep-burial settings 
where high lithostatic pressures facilitate gypsum-to-anhydrite 
transformation and expulsion of Mg-r ich brines. Other deep-
b u r i a l m e c h a n i s m s , i n c l u d i n g m a s s i v e i n v a s i o n of 
dolomit izing fluids transmitted a long major faults and fracture 
systems or, on a smaller scale, a long stylolites and intercon­
nected vugs, may be responsible for most dolomit ization or 
for enhanced dolomit ization of the Duperow and Birdbear 
formations in the Wi l l is ton Bas in . 

Re la t i ve ly u n c o m m o n l eached or co r roded do lom i ­
crospar and dolospar textures may have originated by similar 

deep-burial processes, but involv ing vastly different pore-
water chemistry. Corroded, porous dolomite textures in the 
Duperow Formation of the South arch and Sweetgrass arch 
region of Montana and southern Alberta are accompan ied by 
microvugs, leaching-enlarged molds and vugs, leached and 
hydrated anhydrite cements, chalcedony and megaquartz re­
p lacement of anhydrite cements, and appreciable bitumen 
residue and pyrite l ining voids. Dril l stem tests in the D u ­
perow of that region invariably recover quantities of black, 
sulfurous, fresh to brackish water. These circumstances w e r e 
likely initiated by post-Laramide uplift and unroofing of the 
Belt and Little Belt Mounta ins of Montana and subsequent 
invasion of microbial-infested meteoric groundwater. Produc­
tion of the altered Duperow textures and mineralogy and the 
enormous carbon dioxide and nitrogen-charged Dupe row 
reservoirs beneath Kevin-Sunburst and Utopia domes may 
have resulted from northward-advancing fronts of organic 
and/or sulfuric acids generated by microbial degradation of 
pre-existing, in situ hydrocarbons. 

Tight, anhedral-mosaic dolomicrospar and dolospar tex­
tures are l ikewise present in all of the above-named facies 
and in all Devon ian carbonate formations. Although these 
textures may retain isolated molds and vugs, the virtual ab­
sence of intercrystalline porosity inhibits permeability, except 
where locally fractured. Perhaps some mechanisms suggested 
above had led to "over-dolomit izat ion," but now supple­
mented by addit ional ca lc ium, carbonate, and bicarbonate 
ions supplied from outside the sites of dolomit ization, so that 
dolomitization goes we l l beyond replacement of pre-existing, 
in situ aragonite and calci te. For example, concurrent vadose-
zone leaching of l ime mud and clasts and concurrent brine 
phreatic dolomitization above impermeable hydroseals may 
account for brecciat ion, over-dolomit izat ion, and porosity 
loss in Nisku barrier bank, lagoon fill, and tidal flat facies in 
southern Alberta. Regional inc idence of anhedra l -mosaic 
dolomicrospar and dolospar textures comprising much of the 
Winnipegosis and Dawson Bay formations wi th in and be­
yond the Wi l l is ton Bas in , appears less readily explained. 

Finally, it is not whol ly out of context to consider w h y 
particular Devon ian carbonate facies were not dolomit ized. 
W i n n i p e g o s i s p la t form marg in reefs a n d B i rdbea r stro-
matoporoid boundstone and bafflestone facies are typical ly 
preserved as tight l imestone, in places fortuitously creating 
reservoir seals in otherwise we l l dolomit ized sequences. B i -
otic composit ion and textures of these facies are those most 
likely to have accumulated under prevail ing currents and at 
least modest w a v e activity, condit ions wh ich wou ld foster 
syndeposit ional cementat ion and micrite lithification. Early 
l i thif ication and loss of permeabi l i ty c lear ly w o u l d have 
either prohibited or inhibited subsequent invasion of do lomi ­
tizing fluids. 

* The names The Magic School Bus and Ms. Frizzle are 
taken from the popular and similarly titled series of children's 
books wri t ten and illustrated by Joanna C o l e and B ruce 
Degen , published 1986-1994 by Scholastic Inc., N e w York. 




