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INTRODUCTION

The purpose of this map is to show the level of 
thermal maturity achieved by surface rocks in the area 
encompassing the Uinta, Piceance, and Eagle basins. 
Mean random vitrinite reflectance (Rm) is used to 
define the level of thermal maturity for this study. 
Vitrinite reflectance records the maximum degree of 
thermal maturity reached by a rock, and it is directly 
affected by local and regional thermal events. The 
thermal maturity of surface rocks can be used to 
estimate the thermal maturity of rocks in the 
subsurface. The spatial distribution of the levels of 
thermal maturity is essential for basin analysis 
because heat and heat flow play a major role in 
mineral formation, hydrocarbon generation and 
destruction, petroleum reservoir quality, and ground- 
water flow.

SAMPLING AND ANALYTICAL TECHNIQUES

In 1986, several hundred samples were collected 
from Pennsylvanian- through Quaternary-age rocks in 
the study area. Table 1 includes the location, 
formation, age, and field description for each sample. 
Dark-gray or black (commonly used as a possible 
indicator of organic richness) muds tone, shale, fine 
grained sandstone, limestone, coal, and gypsum were 
collected after digging approximately 1-2 ft into the 
outcrop to obtain relatively fresh, unweathered 
samples. In some areas, dark-gray or black rocks were 
not available, so buff to white samples were collected.

Mean random vitrinite reflectance (Rm in 
percent) was measured on all samples to determine the 
level of thermal maturity. Table 1 shows the Rm 
value, number of vitrinite reflectance measurements 
per sample, standard deviation for each sample, and 
comments about the quality of vitrinite. The quality 
of each sample can be judged by the comments as well 
as by the number of measurements and the standard 
deviation; the larger the number of measurements and 
the lower the standard deviation, the better the 
quality of the sample.

In table 1, the colu m n containing the sa m pie 
number also indicates the type of sample preparation. 
If the sample was coal, denoted by "(coal)", it was
mounted in epoxy, planed-off, polished, and analyzed. 
If the sample was of any other Ethology, it required
macerating, denoted by "(mac?1 , a technique used to 
extract the organic matter from the rock before 
analyzing.

PROBLEMS ASSOCIATED WITH SURFACE 
SAMPLING

The main problem with measuring vitrinite 
reflectance in surface samples (either coal or other 
rock types) is that organic matter in the samples can 
be weathered or oxidized. Weathering can generally 
be identified petrographically because the individual 
vitrinite grains exhibit a halo effect where the outer 
part of the grain is more weathered (higher 
reflectance) than the inner part (lower reflectance). 
These grains can be avoided when measuring vitrinite 
reflectance. Rarely, the weathering effects are so 
pervasive that the entire vitrinite grain is weathered, 
artificially raising the vitrinite reflectance.

Anomalously high Rm values are common in 
samples from highly oxidized fluvial sequences. In 
these sequences, coalifLed logs or coalified branches at 
the base of channel sandstone were collected. Even 
though these samples of coal were of very good 
quality, the resulting vitrinite reflectance values 
commonly were anomalously high when compared to 
nearby samples that were not taken from fluvial 
sequences. These anomalous reflectance values may 
indicate local thermal events. A more likely 
explanation is that these logs and twigs were subjected 
to extremely high temperatures, such as forest fires, 
before being incorporated into the sandstone. This 
problem is not obvious in the com ments in table 1.

Before rock types other than coal can be 
analyzed for vitrinite reflectance, organic matter has 
to be separated from the rock using a chemical 
digestion and sink-float method called maceration. 
The organic extract commonly contains several 
populations of vitrinite reflectance values, because 
reworked organic matter as well as contemporary 
organic matter was incorporated into the sediment



during deposition. For surface samples, the population 
having the lowest vitrinite reflectance should yield the 
"true" maturity of the vitrinite. This population will 
have recorded the thermal history of the rock since 
the time of deposition. Macerated samples generally 
have higher standard deviations than coal samples due 
to the greater range of vitrinite reflectance values and 
the presence of other types of organic matter.

In organic-poor rocks, the paucity of vitrinite 
grains means that the data are not statistically valid 
and should be used with caution. In some cases, 
vitrinite grains may be totally reworked and the "true" 
vitrinite population will be absent. Samples of this 
type generally have anomalous Rm values.

VITRINITE REFLECTANCE AS A TOOL FOR 
RESOURCE EVALUATION

The level of thermal maturity is essential when 
identifying favorable areas for mineral and petroleum 
resources. For example, vitrinite reflectance can be 
used to define important thermal thresholds in the 
generation and destruction of hydrocarbons. In general 
terms, organic matter can be divided into three 
types: sapropelic or fatty (Type I), humic or coaly 
(Type HI), and intermediate or Type IL Sapropelic 
organic matter is rich in hydrogen, generally occurs in 
rocks of marine origin, and generates primarily oil 
while undergoing thermal maturation (Tissot and 
others, 1974). Humic organic matter is hydrogen poor, 
occurs mainly in rocks of nonmarine origin, and 
generates methane gas during thermal maturation. 
The intermediate or Type n organic matter can be a 
source for both oil and gas (Tissot and others, 1974).

According to Waples (1980), the onset of oil 
generation in Types I and n organic matter occurs at a 
R m of approximately 0.60 percent. Above a Rm of 
1.20-1.30 percent, oil is unstable and breaks down into 
shorter chain hydrocarbons such as methane gas 
(Waples, 1980). The onset of methane gas generation 
by Type HL organic matter occurs at approximately 
0.73 percent Rm (Juntgen and Rarweil, 1966). Waples 
(1980) suggested that gas could continue to be 
generated from source-rocks having Rm values as high 
as 4.80 percent.

OTHER SOURCES OF DATA USED IN THIS REPORT

Data from the Eagle basin area, Colorado, were 
selected from a more comprehensive report by Nuccio 
and Schenk (1986). Sampling in that study was very 
closely spaced and all of it could not be included at the 
scale used in this report.

Sample numbers beginning with "UGMS" are 
unpublished vitrinite reflectance data from the Utah 
Geological and Mineral Survey.

Sample numbers beginning with "39" and "24" are 
unpublished vitrinite reflectance data contributed by 
Robert Kite of the U. S. Geological Survey.

Samples having numbers beginning with either 
"U-86" or "UB-86" were collected by Karen Franczyk 
of the U. S. Geological Survey.
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