
T-3355

GENETIC SEQUENCE ANALYSIS OF CARBONATE AND EVAPORITE STRATA, 

UPPER MISSION CANYON (MADISON GROUP), 

MISSISSIPPIAN, WILLISTON BASIN, NORTH DAKOTA

By

Ming Lu 

1986

Arthur lakes library 
COLORADO SCHOOL of MINES 
GOLDEN, COLORADO 80401



ProQuest Number: 10782898

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed, 

a note will indicate the deletion.

ProQuest.

ProQuest 10782898

Published by ProQuest LLC (2018). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code 

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway

P.O. Box 1346
Ann Arbor, Ml 48106 - 1346



T-3355

A thesis submitted to the Faculty and the Board of Trustees of the Colorado School of 

Mines in partial fulfillment of the requirements for the degree of Master of Science 

(Geology).

Golden, Colorado

Date: /Z . 198

Signed: A4,
Ming Lu

Approved:
Dr. T. A. Cross 
Thesis Advisor

Golden, Colorado
Date: 1 V2 3 /. 198

Head, Department of Geology and 
Geological Engineering

II



T-3355

ABSTRACT

Numerical models under development simulate facies distributions and strata! 

geometries within time-bounded or "genetic" stratigraphic sequences. The models have 

demonstrated a theoretical basis for identifying time lines directly through lithostratigraphic 

analysis. These time lines may then be used as the basis for chronostratigraphic correlation 

with a temporal resolution greater than provided by other methods. Although the models 

were developed to simulate genetic sequences of siliciclasdc marine shelf to coastal-plain 

strata, they also should apply to carbonate and evaporite strata of basin, shelf and sabkha 

environments.

This study tests the applicability of the models to carbonate and evaporite strata of the 

Upper Mission Canyon Formation (Mississippian), Williston basin, North Dakota. From 

detailed facies analysis of cores, three repeated, systematic vertical successions of facies 

were recognized. Names assigned to these successions, basinal, marginal marine and 

supratidal successions, correspond to their inferred depositional positions. Each observed 

and ideal succession is asymmetric, in the sense that the shallowest water facies of one 

genetic sequence is succeeded by the deepest water facies of the following generic 

sequence. Because each generic sequence, regardless of the facies it contains, represents a 

progradarional event that occurred essentially synchronously throughout the basin, the 

boundaries of correlative generic sequences are time lines.

Boundaries of generic sequences identified from five cores were used to erect a detailed 

chronostratigraphic correlation along a cross section approximately parallel to depositional 

strike. An essential step to ensure accurate correlations is to establish the hierarchial 

stacking patterns (stratigraphic thickening and thinning trends) of generic sequences. When 

normalized to the total stratigraphic thickness of Upper Mission Canyon strata in each well, 
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the hierarchial stacking patterns of genetic sequences are similar, even where comparing 

different facies successions. That is, the thicknesses of genetic sequences at respective 

positions in the hierarchy are proportional to total stratigraphic thickness in the five wells 

studied.

Chronostratigraphic correlation is accomplished by matching the number and stacking 

pattern of genetic sequences between wells. Changes in thickness and facies of correlative 

genetic sequences along depositional strike are attributed to structurally controlled 

variations in paleobathymetry. Genetic sequences along paleotopographic highs are thin 

and consist predominantly of supratidal or marginal marine facies successions. By 

contrast, genetic sequences along paleotopographic lows are thick and consist 

predominantly of basinal facies successions. In most instances, genetic stratigraphic 

correlation of these wells shows that time lines are discordant to facies. Conventional 

methods of correlating consist of matching similar well log signatures from well to well, 

equivalent to matching similar lithologies. Such "correlations" often are purely 

lithostratigraphic and result in inaccurate description of the lateral distribution of time

equivalent facies.

In the Midale interval, correlative genetic sequences are of equal thickness among the 

five wells. By contrast, marked thickness changes of correlative genetic sequences occur 

among wells in the Mohall, Sherwood and Bluell intervals. These changes in thickness 

within correlative strata are attributed to differential tectonic movement during those times. 

Correlation by conventional methods fails to reveal these thickness changes. This 

comparison illustrates that genetic stratigraphic correlation, because it focuses on the 

temporal relationships of lithologically similar or diverse strata, also is a powerful 

methodology to deduce timing of deformation within a basin.
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After gaining confidence in the methodology of recognizing and correlating genetic 

sequences, facies and facies successions observed in cores were calibrated to geophysical 

well log responses. The basinal succession is characterized by two pairs of gamma-ray 

peaks and troughs. The marginal marine succession is characterized by a gradual increase 

in gamma-ray (API units) response, from a low to a peak. The supratidal succession is 

characterized by a gradual decrease in gamma-ray (API units) response, from a peak to a 

low.

Using these criteria, genetic sequences and their hierarchial stacking patterns were 

determined from geophysical well log signatures, without confirmatory core data, along a 

cross section approximately parallel to depositional dip. Identical numbers of generic 

sequences were recognized and stacking patterns of generic sequences similar to those 

previously described were observed. In addition, the hierarchial stacking pattern shows a 

general thinning trend to a minima in the Midale interval. Corresponding to the thickness 

minima, generic sequences of the Midale interval thin toward the basin. That is, time

equivalent strata are stratigraphically compressed toward the basin center and expanded 

toward the basin margins. By contrast, genetic sequences within the Sherwood interval 

thicken toward the basin. Time-equivalent strata are stratigraphically expanded toward the 

basin center and compressed toward the basin margins. These geometries are predicted by 

the numerical models.
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