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CHAPTER I 
INTRODUCTION 

The area that includes Comanche Creek field is typical 

of much of the Denver basin, which is also called the 

Denver-Julesburg basin. Oil and gas production, primarily 

from the Cretaceous D and J Sandstones of the Dakota Group, 

is scattered and difficult to predict. This is due to the 

diagenetic history and the complex geometry of the sands, 

particularly those of the J Sandstone interval. 

Location 

The six-township study area surrounding Comanche Creek 

field (T5S-T6S, R61W-R63W) is located in Arapahoe and Elbert 

Counties, Colorado, approximately thirty miles east-south

east of the city of Denver. 

Geologically, the study area lies on the eastern flank 

of the southern Denver basin. This basin is an asymmetric, 

Laramide-age feature with the city of Denver atop its north-

south trending axis. The beds of the western flank of the 

basin dip steeply, generally fourteen to forty-two degrees, 

basinward (Suryanto, 1979) while the gentle eastern flank 

dips westward regionally at about one-half degree. The 

Denver basin is bounded on the west by the Front Range 

Uplift and the Las Animas Arch, and on the north and east by 

the Chadron Arch and the Cambridge Arch (Figure 1). 
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Figure 1. Location of the study area in the Denver basin, 
Colorado. Structural contours are on the base of the Penn-
sylvanian. (After Martin, 1965). 
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Figure 2. Structural contour map of the study area, Arapahoe and Elbert Counties, ^ 
Colorado. Datum is top of J Sandstone. Dots represent data points. 
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Purpose and Objectives 

The purpose of this study is to examine the geometric, 

petrologic and diagenetic character of the J Sandstone in 

the Comanche Creek field area. 

This study of the J Sandstone has been guided by the 

following objectives: 

1. Define the geometry and structure; 

2. Determine the environment of deposition; 

3. Delineate the diagenetic history; 

4. Relate the above parameters to production of 

hydrocarbons from the J Sandstone in this area. 

Methods of Investigation 

Wireline well logs and completion reports from 330 

wells, and three well cores cut from the J Sandstone consti

tute the data base for the study. 

From the v/ell logs, isopachous maps, a structure map 

and cross-sections of the J Sandstone were constructed. A J 

Sandstone production map was prepared with data from com

pletion reports. 

The three well cores are from the Champlin 126 Amoco 

"B" No. 7, the Davis No. 1 Andy and the Davis No. 1 Brucher 

(see Figure 2 for locations). The two latter cores are only 

partial cores of the J Sandstone; the former is a complete 

core of the J interval. These three cored intervals of the 

J Sandstone were examined megascopically in order to iden-
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tify large-scale features and lithofacies within the 

formation. Sixty-eight thin sections were prepared from the 

cores. They were then studied with a petrographic micro

scope to determine mineral-grain constituents, grain size 

and maturity, fabric, porosity, and diagenetic relation

ships. A number of core samples were prepared for x-ray 

diffraction analysis in order to positively identify clay 

mineral constituents. 



CHAPTER II 
PREVIOUS WORK 

Since 1896 the Dakota Group, of which the J Sandstone 

is a formation, has been scrutinized by many workers. This 

chapter summarizes the conclusions of a number of these 

workers. 

In 1929, Levering recognized transgressive-regressive 

cycles in the Dakota Group. LeRoy (1950) found the Dakota 

Group to be of nearshore continental origin. Cobban and 

Reeside (1952) determined the top of the Mowry Shale, which 

directly overlies the J Sandstone across much of the Denver 

basin, to be the boundary between the Upper and Lower Cre

taceous. Haun (1959, 1963) found the Dakota Group rocks to 

be older to the south and east, toward their origin in 

northwest Kansas. In a provenance study, MacKenzie and 

Poole (1962) discriminated two suites of mineral grains: 

one originating from cratonic rocks of an eastern source 

area and the second originating from a western, sediment

ary, source area. 

Martin (1965) and Tohill (1972) described two regres

sive delta systems within the J Sandstone of the Denver 

basin; Tohill called them the "eastern delta" and the "west

ern delta." He described the western delta sediments as 

generally having only one genetic unit and being more mature 

than those of the eastern delta, which, he reported, has 
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three genetic units. Appparently the two delta systems 

interfinger somewhat. 

A large, eastwardly-prograding, shallow-marine delta 

between the cities of Denver and Colorado Springs has been 

described by Weimer (1970), Weimer and Land (1972), MacMil-

lan and Weimer (1976), and Poleschook (1978). Poleschook 

identified two separate intervals of deposition within the J 

Sandstone. Clark (1978) and Suryanto (1979) studied other 

areas of the western delta system. Suryanto found the J 

Sandstone to grade laterally, in his study area, from del

taic to interdeltaic, tide-influenced sediments. 

Tidal flat deposits at the top of the J Sandstone have 

been identified by MacKenzie (1972) at the Alameda Avenue 

roadcut, west of Denver. Chamberlain (1978) has written a 

field guide to the trace fossils along this same exposure. 

A number of papers have been published on specific oil 

and/or gas fields of the eastern flank of the Denver basin. 

Most of these concern the J Sandstone. They include the 

following: Fentress (1955), MacQuown and Millikan (1955), 

Nolte (1963), Ecker (1971a, 1971b), Geyer (1972), Matuszcak 

(1973), Reinert and Davies (1976), Land and Weimer (1978), 

and Peterson and Janes (1978). The consensus of these pa

pers is that the J Sandstone is a distributary sand with 

production of oil and gas from channel sands and transgres

sive, reworked sands; gas, only is produced from delta front 

sands and silts at Wattenberg field. 



8 

Of particular interest to this study are the works of 

Land and Weimer (1978), and Geyer (1972). The former study 

is of Peoria field, which borders the northeast corner of 

the study area; the latter study is of Latigo field, which 

lies partially within the study area, just southwest of 

Peoria field. Land and Weimer did a detailed core study of 

the specific depositional environments of the various beds 

of the J Sandstone; they found the active channel fill fac-

ies to be the producing zones. But these studies covered 

very limited areas, large enough only to define the partic

ular producing channel. No studies of the specific channel 

pattern of the J Sandstone have been published. Neither 

has a detailed diagenetic study of the J Sandstone been 

published. 

So, the general framework of the J Sandstone in the 

Denver basin has been reconstructed. Also, a few local 

details of it have been determined. Many details of this 

complex sandstone remain unknown. 



CHAPTER III 
DEPOSITIONAL ENVIRONMENTS AND 

STRATIGRAPHIC RELATIONSHIPS 

Introduction 

The J Sandstone, a Lower Cretaceous Albian Stage 

(Kauffman, 1977) formation within the Dakota Group, repre

sents a minor regressive phase in the overall transgression 

of the Cretaceous western interior seaway. 

The sequence of sands, silts and shales which consti

tute the J Sandstone prograded from east and west, as com

plex delta systems, tens to hundreds of miles into the shal

low seaway, following the regression of the seas to the 

northwest (MacKenzie and Poole, 1962; Haun, 1963; Martin, 

1965). With further downwarping the Cretaceous seaway later 

transgressed again from the north, joining seas transgres

sing from the south, according to Haun and Weimer (1960) and 

Martin (1965). The stratigraphic units involved in this re

gression-transgression cycle are, in ascending order, the 

Skull Creek Shale, the J Sandstone and the Mowry Shale mem

ber of the Huntsman Shale. Stratigraphic interpretation of 

these units is primarily based upon a single core, the 

Champlin 126 Amoco "B" No. 7 (hereafter referred to simply 

as the Champlin 126 B), isopachous maps and well-log cross-

sections. No microfossils were recovered from the core, nor 

were any found in thin sections; no body fossils were seen. 
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Skull Creek Shale 

Deposited with the first advancement of the Cretaceous 

sea, the Skull Creek Shale outcrops on the western flank of 

the Denver basin. At its base is a black, calcareous, fis

sile shale, grading upward to grey, sandy silts with incr

easing amounts of bioturbation (Poleschook, 1978; Suryanto, 

1979). 

In the Champlin 126 well the upper 12 feet of the 90-

foot-thick section of the Skull Creek Shale were recovered 

as core. This uppermost portion is a dark and medium grey, 

highly bioturbated, shaly, glauconitic, carbonaceous silt-

stone. Detrital grains consist primarily of subangular 

quartz grains, with abundant (10-15 percent) clay grains and 

traces (less than one percent) of plagioclase, tourmaline, 

muscovite, zircon and potassium feldspar. A thin, nonbio-

turbated, laminated siltstone interbed is poorly sorted and 

exhibits some distorted bedding. Trace fossils of Teichich-

nus, Terebellina, Thalassinoides, RhizocoraIlium and Aster-

osoma are present. These sediments are interpreted to be of 

a low-energy, lower delta front environment with sediment

ation rates slow and/or intermittent, allowing thorough re

working of the sediments by biogenic processes. 

J Sandstone 

In the studied cores of the J Sandstone, very fine- to 

fine-grained sandstones with moderately- to very well-sort-
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ed, subrounded to rounded grains constitute the bulk of the 

formation. The remainder consists of lesser amounts of 

siltstone, and even less shale. The sandstones are classi

fied as quartz arenites (Pettijohn, Potter and Siever, 

1973). Chert is present in quantities up to 5 percent. 

Sodium-rich plagioclase, potassium feldspar, muscovite and 

rounded zircon and tourmaline grains are present in amounts 

not exceeding a total of 2 percent. There is no significant 

change in detrital composition within the formation. This 

sedimentary suite matches well with that described by Mac

Kenzie and Poole (1962, p. 68) as having its source area to 

the west of the Denver basin. The compositional maturity, 

roundness of heavy mineral grains and sparseness of shales 

indicate a mature sedimentary provenance for these sedi

ments. The formation ranges from 75 to just over 100 feet 

in thickness in the study area. 

Upward from the base, the following three genetic units 

are represented in the J Sandstone interval within the study 

area: 1) upper delta front sands, 2) delta plain deposits 

and 3) transgressive sands and silts. Several writers, 

after studying outcrops and/or cores of the J Sandstone, 

have proposed stratigraphic models that are similar, with 

the units commonly designated as J3, J2, and Jl in ascending 

order. One such model, used by Land and Weimer (1978), was 

adapted to this study for core interpretation of the delta 

plain facies. Lack of bioturbation was used as a criterion 
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in distinguishing nonmarine sediments from marine and inter-

tidal sediments. Detrital clay content was used as an ad

ditional criterion for interpreting depositional environ

ments. Waage (1961) noted that in the Dakota Group (of 

which the J Sandstone is a formation), kaolinite is the dom

inant clay mineral in deltaic facies, whereas illite is dom

inant in marine facies, even where these facies are deeply 

intercalated. He stated that ash beds which are kaolinitic 

in deltaic facies are illitic in marine facies, concluding 

that the original depositional clay may have been illite. 

He also noted that it is generally accepted that kaolinite 

tends to form in an acidic depositional environment with 

circulation and renewal of water, such as the deltaic envi

ronment. Therefore, beds with a clay mineralogy dominantly 

illitic are here considered to be of marine to brackish-

water environments; those dominantly of a kaolinitic clay 

mineralogy are considered to be of fresh-water environments. 

Upper Delta Front 

The lowest unit of the J Sandstone is transitional with 

the underlying Skull Creek Shale; the boundary as defined in 

this investigation is a gradual (4 foot thick) transition 

from siltstones of the Skull Creek Shale to very fine-grain

ed sandstones of the J Sandstone. 

Other than a change in grain size, these sandstones 

differ from the underlying silts in being less intensely 
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bioturbated. Bioturbation decreases in intensity upwards, 

with a corresponding color change from medium grey to light 

grey. A few laminated beds and low-angle cross-laminated 

bedsets remain with only minor biogenic disturbance of bed

ding. The entire unit apparently was deposited originally 

as laminated and cross-laminated beds. This unit, totalling 

only 7 feet in thickness in the core, is interpreted to be 

of a low- to moderate-energy, upper delta front environment. 

Delta Plain 

Above the upper delta front sands lie the delta plain 

deposits of the J Sandstone. The boundary between the upper 

delta front and delta plain deposits was picked where bio

turbation ceased in the sands. This boundary is conform

able. The sands grade into a two-foot thick bed of kaolin

ite mudstone. Presence of kaolinite mudstone also indicates 

a nonmarine depositional environment (Krauskopf, 1979, p. 

153). 

As indicated in the lithology logs (Figures 3 and 4), 

lake, beach, splay channel, splay delta, bay and distrib

utary channel facies have been identified. The structure, 

grain size distribution, sorting, color and biogenic activ

ity of these facies can be seen in the lithology logs and 

core photos (Figures 5-7). In the following sections these 

facies will be described. Delta plain facies comprise the 

bulk of the J Sandstone. 
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Lake 

The kaolinite mudstone mentioned above is representa

tive of a lake with active fresh water movement (Grim, 

1968), which leached the clays present. X-ray diffraction 

analysis determined the clay mineralogy to be solely of 

kaolinite. Silts and sands compose 20 percent of the mud

stone. 

Distributary Channel 

Channel deposits are present in all three of the study 

cores. Active channel fill, partial abandonment fill and 

abandoned fill (Meckel, 1972) deposits were identified. The 

only complete core section of channel facies is in the 

Champlin 126 B core. 

The active channel fill in this core is a well- to very 

well-sorted sandstone of upper very fine- to upper fine

grained sands. The base is in sharp erosional contact with 

kaolinite mudstone. Grain size is greatest at the base, 

drops in the next few feet upwards, then remains stable. 

High-angle cross-bedding is common, with one set of cross-

beds at least 9 inches thick observed in the No. 1 Brucher 

core. Organic matter is common along bedding planes. Rip

up clasts are common also. Active channel fill was observed 

in well logs to be as much as 54 feet in thickness, often 

scouring completely through the upper delta front deposits. 
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Partial abandonment fill consists of thin-bedded to 

interlaminated deposits of silty sandstone, shaly silts and 

kaolinite mudstones with a high organic content. Deforma

tion structures, probably due to slumpage, are abundant. 

Ripple cross-stratification was observed in the No. 1 Andy 

core. Abandonment fill consists of dark grey, kaolinitic, 

silty shales with thin interbeds of shaly siltstone. 

Burrows are absent in all of these channel facies. 

Marsh 

In the Champlin 126 B core, the abandonment fill facies 

grade upward to brackish-water marsh deposits of dark grey, 

carbonaceous, illitic silty shales. This change is likely 

due to subsidence following channel abandonment. 

Splay Channel 

A 2-foot section of fine-grained, very well-sorted 

sandstone is present above the abandonment fill sediments of 

the Champlin 126 B well core. The sand is in erosional con

tact with the underlying bed, its base a turbid mixture of 

sand, silt and clay. This sand is interpreted as a crevasse 

splay channel. 

Splay Delta 

The abandonment fill in the Champlin 126 B core grades 

upward into moderately- to well-sorted sands. This facies. 
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interpreted to be a crevasse splay delta, grades upward to 

fine sands, then grades upward to silts. This is much like 

the succession of sediments in a classical delta sequence, 

but is only 10 feet thick. Thin active channel fill and 

partial abandonment fill features are present within the 

sands. Vertical burrows of Arenicolites and Diplocraterion 

indicate deposition within the intertidal zone. The change 

from supratidal to intertidal environments is probably due 

to subsidence of the sediments after channel abandonment. 

Bay 

Medium grey to dark grey, poorly to very poorly-sorted 

silts, clays and very fine-grained sands, with thin inter

beds of laminated sands, characterize bay deposits of the J 

Sandstone. They range from nonbioturbated, laminated and 

ripple cross-stratified beds to highly bioturbated beds. 

Intensity of bioturbation is here considered directly relat

ed to water salinity. High burrow intensity thus indicates 

marine water. Vertical burrows are present but not common. 

Beach 

Beach deposits in the Champlin 126 B well consist of an 

upward-coarsening sequence of well- to very-well sorted, 

laminated and low-angle cross-bedded sands containing the 

vertical burrows Arenicolites, Ophiomorpha and Diplocrater-
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ion. The beach sands are capped by silty sands, transition

al with overlying transgressive bay deposits. 

Transgressive Deposits 

In depositional continuity above the delta plain unit 

is a 12-foot section very similar to the upper delta front 

unit described earlier, but in reverse sequence. Laminated 

and cross-laminated medium grey, very fine-grained sands and 

silts grade upward into increasingly bioturbated silts. The 

burrows Teichichnus, Thalassinoides, RhizocoraIlium and Dip

locraterion are present; this assemblage indicates near-

shore, shallow marine environments (Howard, 1978). The gra

dation from nonbioturbated to highly bioturbated sediments 

represents the increasing salinity of the waters as the sea 

encroached over the delta system. Illite is the dominant 

clay mineral. 

Electric-log responses show this transgressive unit to 

be continuous across the study area, indicating a regional 

phenomenon. The unit ranges from 5 to 25 feet in thickness, 

and is typically about 20 feet thick. Minor sand bodies 

occur scattered about within this unit, but these were not 

mapped. 

Mowry Shale 

Unconformably above the J Sandstone in the core is a 

5-inch bed of well-sorted, rounded sands containing quartz 
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and chert grains, fish bones and cellophane grains. This 

lag sand, a concentrate formed following an episode of sub-

aerial exposure and erosion, is a marker bed across the 

study area. Similar deposits outcrop along the Front Range 

outcrops of the Denver basin (MacKenzie, 1971; Clark, 1978; 

Poleschook, 1978; Suryanto, 1979). This sand is the lower

most bed of the Mowry Shale, which was deposited as the Cre

taceous sea transgressed rapidly over the low-lying lands of 

the basin. Overlying and interlaminated with the upper inch 

or two of the sand is the black, fissile, siliceous shale 

characteristic of the Mowry Shale, a member of the Huntsman 

Shale. (The Huntsman Shale is the subsurface equivalent of 

the Benton Shale, which outcrops about 45 miles to west 

(Keroher and others, 1966)). 

The Mowry Shale contains several thin beds of bentonite 

and siltstone (Rubey, 1930; Haun, 1963; Suryanto, 1979). 

Resistivity responses on well logs indicated that the Mowry 

Shale is 10 to 15 feet thick in this area. An isopachous 

map of the Mowry Shale by Haun (1963) shows it to pinchout 

against the upper J Sandstone a few miles south of the study 

area, thickening to the northwest. It is not present in 

outcrops southwest of the study area (Poleschook, 1978). 



CHAPTER IV 
DIAGENESIS 

General Statement 

Cements, particularly quartz overgrowth and dickite, 

have effectively filled nearly all porosity within the J 

Sandstone. The exception to this is the distributary active 

channel fill lithofacies; it was found to have up to 10 per

cent porosity, half of it primary and half secondary, from 

dissolution of feldspar grains. 

Diagenesis began with syndepositional siderite forma

tion within the delta front-delta plain transition facies. 

Syntaxial quartz overgrowth cementation began very early, 

just postdepositionally, and continued in at least four sep

arate stages to occlude most of the porosity. Between these 

stages, cementation by chlorite, dickite and then barite 

occured to varying degrees. Later replacement by minor 

amounts of nodular siderite and ferroan dolomite occurred. 

Pressure solution of quartz occurred after formation of the 

carbonates. Late-stage migration of hydrocarbons into the 

J Sandstone took place, followed by flow of relatively fresh 

groundwater through the formation. Framboidal pyrite formed 

at some stage, but the timing of this could not be deter

mined. Photomicrographs illustrating the diagenesis of the 

J Sandstone may be found in the appendix (Figures 11-40). 

19 
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Syndepositional Minerals 

The nearly pure, very finely-divided kaolinite matrix 

of the mudstone at the base of the delta plain sequence in 

the Champlin 126 B well indicates that a humid climate with 

acidic groundwaters and runoff existed at the time of the J 

Sandstone deposition; it also suggests that much of the de

trital clays of the J Sandstone were highly kaolinitic. 

Siderite formed within this mudstone, and downward into 

the transitional zone of the delta plain to delta front. In 

the mudstone the siderite is in an ovoidal crystal form with 

zoned inclusions (see Figure 11). In the lower sands the 

siderite formed as poikilotopic nodules, replacing clay ma

trix and replacing quartz grains partially. In the upper 

few inches of the mudstone, inclusion-rich zones of siderite 

crystals have been dissolved selectively, leaving hollow 

crystals which were infilled by the matrix and partially 

crushed during compaction. This and differential compaction 

of the matrix around undissolved crystals are evidence that 

the siderite formed syndepositionally. 

Quartz 

Syntaxial quartz overgrowth was evident in almost every 

thin section, excluding only those of shales and mudstones, 

where the clay matrix around the quartz grains prevented it 

from occurring. Precise volume percentage counts of this 

cement were often difficult to make because few of the 
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quartz grains had distinct "dust rims" to define original 

grain boundaries. Estimates were made for each thin section 

after a number of well-defined grains were found. An aver

age of 18 percent quartz overgrowth cement, ranging from 14 

to 22 percent, was found in clean sands. The amount of 

quartz cement in bioturbated sands and siltstones was much 

less, only a few percent, due to the organic and clay matrix 

which left these rocks with little primary porosity to begin 

with. 

Point counts of the active channel fill sands of the 

No. 1 Brucher well core, in which most of the grains do have 

distinct "dust rims", yielded a value of 27 percent quartz 

cement. Adding to that the remaining 5 percent of preserv

ed primary porosity, and 2 percent pore-filling clays, gives 

a total of 34 percent porosity when quartz cementation be

gan. According to experimental results by Weller (1959), 

loose sand in water has an initial porosity of 37 percent. 

Therefore, quartz overgrowth cementation must have firmly 

cemented these sands while they were still within several 

hundred feet of the surface (Blatt, 1979). 

Four stages of quartz cementation were noted in the 

thin sections, each divided by a phase of cementation by 

another mineral. 

Chlorite 

Chlorite is seen in thin sections as a pore-filling 
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cement. It occurs scattered about in the rock in minute 

amounts and in thin horizontal intervals, seen only in the 

Champlin 126 B well core. Plates and rosettes of chlorite 

can be seen in Figure 14 as pore fill after some initial 

quartz overgrowth cementation. Further quartz overgrowth 

began infilling micropores between chlorite crystals, often 

encasing the chlorite in quartz. At 7505' in the core, 

chlorite cementation completely occluded porosity, prevent

ing further quartz cementation. Randomly oriented in most 

pores, the chlorite is commonly oriented into pseudocutans 

where further compaction of the sandstone, from deeper 

burial, has compressed the chlorite between sand grains. 

Dickite 

Dickite was found in every thin section, in amounts 

from traces to about 15 percent of the rock. It can be seen 

here and there in the core photographs (Figures 5-7) as a 

powdery white material in small nodules, vertical burrows 

and fractures. The majority of the dickite formed by recry-

stallization from detrital kaolinite, present in the matrix, 

burrowed clays, clay grains and ripup clasts. Some dickite 

is a pore-fill cement. Other dickite occurs in illite-lined 

"nodules" ranging in size from slightly larger than the 

grain size of the enclosing rock to 6 mm in diameter. 

Dickite pore-fill cement is limited to sands within a 

vertical distance of a few inches from detrital clays; 
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thick, clean sands are nearly devoid of dickite. This dis

tribution is probably due to horizontally-moving pore 

fluids. 

Dickite was distinguished from kaolinite by its larger 

crystal size; kaolinite platelets do not generally exceed a 

width of 4 microns, and dickite ranges in size from about 

2.5 microns up to hundreds of microns in diameter (Grim, 

1968; Bates, 1971). This type clay as seen in thin section 

occurs in dichotomous size groups: one, kaolinite platelets, 

did not exceed a 2 to 3 micron size; the other, dickite 

platelets, typically range from 8 to 15 microns in width. 

Results of x-ray analysis of 11 samples of the J Sandstone 

facies show that kaolinite/dickite is the major clay con

stituent, with minor amounts of illite present. Chlorite 

was present in one sample. Lack of smectitic clays is prob

ably due to transformation to illite, through dewatering at 

depth, of any smectite that may have been present. 

A mode of dickite nodule formation, not found described 

in previous literature, was encountered in the thin sections 

(see Figures 17-25). This began through nucleation of the 

dickite within detrital clay. Replacing detrital clay, ver-

micules and nuclei of dickite formed (Figure 17). The nu-

lei grew as pure dickite, mechanically displacing illite 

and silt outward from the growth front. This growth infers 

a strong "growth pressure" property of dickite. When the 

nodule of dickite reached the surrounding framework of sand. 
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the illite was compressed between the dickite and quartz 

into an optically-oriented lining. With continued growth of 

the dickite, pressure solution of the surrounding quartz 

at the quartz-illite boundary occurred (Weyl (1959) stated 

that clay films act as a catalyst to pressure solution of 

quartz.). The results of this can be seen where the quartz 

grains form smooth, convex-outward surfaces, particularly in 

the larger nodules. Quartz dissolution did not occur where 

the illite lining was absent. The illite linings, usually 

incomplete and of varying thickness, differ in each nodule 

according to where the dickite first nucleated. In many 

nodules the dickite grew from several centers simultaneous

ly, and illite septae were often formed at their junctures. 

In a similar way, dickite masses displace chlorite in 

primary pores, orienting the chlorite into pseudocutans 

around itself (Figure 15). 

Dickite was not seen replacing feldspar grains; many 

feldspar grains were dissolved partially, but none were seen 

being replaced. Secondary porosity from dissolution of un

stable grains, such as feldspars, probably began between the 

chlorite and dickite phases of diagenesis, because dickite 

is found in secondary pores and chlorite is not. 

A third stage of quartz overgrowth cementation occcured 

while dickite pore fill cementation continued. This simul

taneous cementation resulted in ragged-edged quartz over-
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growths, which at first glance appear to be highly etched 

quartz grains. 

Barite 

A very minor amount of authigenic barite is present in 

the core of the Champlin 126 B well. At 7491 feet, and 

probably limited to that foot of sand is an occurrence of 

poikilotopic barite replacing dickite nodules and dickite 

pore fill. The barite was distinguished from very-similar 

celestite by its high relief and birefringence slightly 

higher than that of quartz. 

The fouth stage of quartz overgrowths replaced much of 

the barite. Barite in nodules was generally protected from 

quartz replacement by clay linings. 

Late-Stage Diagenesis 

Several diagenetic events occurred after the quartz and 

dickite cementation of the J Sandstone, when fluid flow was 

greatly reduced. 

Siderite nodules and ferroan dolomite replaced up to 8 

percent of the rock locally. Unlike the earlier siderite, 

these minerals were formed after dickite. 

Clayton and Swetland (1980) have determined that the 

beds of the east flank of the Denver basin are thermally im

mature, that the petroleum found in them has migrated from 

the mature source beds of the basin-axis area. This migra-
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tion of hydrocarbons into the remaining 10 percent porosity 

of the active channel fill sand of the No. 1 Brucher well 

effectively halted quartz overgrowth cementation, if any had 

been occurring at the time, by its presence in the pores. 

Pressure solution of quartz grains occurred postdating 

formation of carbonate cements, as evidenced by fractured 

carbonate cements adjacent to microstylolites. Base-ex

changing clays (such as illite, smectites, and chlorites), 

particularly clay films, also act as catalysts to silica 

solution (Weyl, 1959). 

These conclusions are certainly supported in this in

vestigation. Clay wisps, carbonaceous wisps (former plant 

matter) and thin clay clasts have developed into stylolite 

seams. These seams, which part readily, are abundant in the 

active channel sands of the No. 1 Brucher well, with ampli

tudes of up to one centimeter. Dickite, a non-base-exchang

ing clay mineral, does not promote silica solution, as can 

be seen in Figure 37. The pressure solution of silica prob

ably had negligible effects on the porosity because it af

fected only a small portion of the formation. 



CHAPTER V 
GEOMETRY AND DISTRIBUTION 

OF SAND BODIES 

Introduction 

Good to excellent well control was available for much 

of the study area, as can be seen in Figure 2. This control 

allowed detailed structural and isopachous mapping to be 

done. Isopachous mapping of sand bodies within the J Sand

stone was done using two separate sets of data: resistivity 

value cutoffs of 12.5 and 25 ohm-meters were used to calcu

late feet-of-sand values for each well in the study area; 

the two sets of data were mapped separately, then compared 

in order to better define the actual distribution of the 

sands. An ambiguous portion of one map was often well de

fined in the other. Much disagreement remains between the 

maps on details, but the overall pattern of distribution is 

in good agreement. 

In the core of the Champlin 126 B well is a total of 44 

feet of sand with 15 feet of clean, well-sorted sands in the 

active channel fill and beach facies. The thickness of sand 

read from the resistivity log of this well is 42 feet at 

12.5 ohm-meters and 14 feet at 2 5 ohm-meters. Therefore, 

the two maps represent closely the actual total thickness of 

sands and of clean sands, respectively. 

Individual sand bodies were found to be impossible to 

correlate accurately, due to the geometry of the sands. 

27 
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Individual "shoestring" sand bodies, ranging in width from 

2000 feet to a mile, meander and bifurcate, and crosscut 

each other. A 50-foot-thick channel sand in one well may be 

completely absent in a well a quarter of a mile away. 

Thinner sands of other lithofacies, such as beaches, cre

vasse splays and bars, cannot be correlated and therefore 

cannot be mapped. Therefore only isopachous maps of the net 

(total) sand in the J Sandstone interval were constructed. 

Thirty-two percent of the wells were seen in logs to 

have some water-saturated sands. Where this occurred, the 

spontaneous-potential curve was used in conjunction with the 

resistivity curve to offset the too-low sand reading that 

would result if the resistivity curve alone were used. 

Geometry and Depositional Model 

The deltaic nature of the J Sandstone has been estab

lished in previous chapters. What remains is the determin

ation of how the sand is distributed and of the type of del

ta system that would cause this distribution. 

Figures 8 and 9, the isopachous maps, clearly show the 

sands to be a complex of meandering, anastomosing "shoe

string" sand bodies. In cross-section, these sands can be 

seen to have scoured into to existing substrate of the time 

(Figure 10); this is a positive indication of channel ac

tion. Spotcheck cross-sections were made of the major sand 

bodies; single to multistory sands were found, but no major 
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bars or beaches were identified. Major beaches or bars 

would indicate moderate to strong wave action. Bar-finger 

sands, also not present, indicate deep-water, birdfoot-type 

delta deposition (Fisk, 1961). 

The channel sands have a general bearing of east-west 

to northeast-southwest. Because the sediment source has 

been determined to be from the west, it is assumed that the 

channel flow was from west to east overall. 

Interdistributary areas in the study area are built up 

by thin deposits of silts, sands and shales. The sands and 

silts are overbank and crevasse deposits from nearby chan

nels . 

The lack of parallel sets of tidal channels and bars 

precludes the possibility that high tidal ranges existed. 

Ripples were found in the transgressive facies of the core; 

they may have been present in the delta front deposits, but 

they are often difficult to see in cores. These ripples, 

and the beach deposits in the core, indicate that wave ac

tion had some impact upon the delta formation. 

The shallow-water depositional mode of the delta system 

can easily be recognized, because the depth of the water 

could not have been much greater than the 60 to 80 foot 

thickness of the prodelta-delta front sequence. 

As a conclusion, the J Sandstone in the study area is 

part of a shoal-water delta system, not highly influenced by 
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tide or wave action, that prograded roughly eastward into 

the Denver basin. 

A close modern analog to this is the Lafourche delta of 

the Mississippi delta complex. It also is characterized by 

a network of distributary channels prograding across shallow 

(20 to 30 feet deep) waters, laying down delta front sheet 

sands ahead of the channels. The Lafourche delta differs in 

that its channels have low sinuosity, and in that there is a 

great deal of mud in its delta plain deposits. 



CHAPTER VI 
PETROLEUM GEOLOGY 

Ninety percent of the oil and gas production of the 

Denver basin comes from the D and J Sandstones, primarily 

from stratigraphic traps (Clayton and Swetland, 1980). 

Figure 2 illustrates the structure of the top of the J Sand

stone, which is an undulatory plane dipping about 1/2 degree 

westward. No faults are present in the area. Structural 

noses are up to 50 feet in height. 

Figure 9 shows clearly that production in the J Sand

stone is limited to the channel sands. Much of this pro

duction is from traps formed where the channel sands cross a 

structural nose. The rest of the traps are stratigraphic, 

from updip pinchout of permeability through facies change or 

possibly from differential cementation of the sand. 

In all of the producing wells, at least 20 feet of sand 

was penetrated. Sixty of the 330 wells drilled in the study 

area produce from the J Sandstone. This number would be 

larger, but 77 wells which produce from the D sand in 

Deadeye and Dragoon fields, and also overlie J Sandstone 

channel sands, were not tested for production from the J 

Sandstone. 

Several problems face exploration efforts in the J 

Sandstone in this area. First, porous channel sands must be 

found. Channel sands cover only about 40 percent of the 

study area, are difficult to predict due to their meander-
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ing, bifurcating nature, and may be filled by cements rather 

than hydrocarbons. Second, traps need to be present to cap

ture migrating hydrocarbons. Structural noses of updip me

ander bends may provide come traps. Permeability barriers 

due to updip cementation have been reported by Reinert and 

Davies (1976). Land and Weimer (1978) infer several reser

voirs within the same channel complex, separated by imperm

eable partial abandonment and abandonment fill facies. 

Third, the channel sands, even though porous, may be 

saturated with water. As stated earlier, 32 percent of the 

v/ells were found to have water-saturated sands to some ex

tent; some of these are completely filled with water. In 9 

wells the salinity of the pore water was measured. Salinity 

as low as 280 parts per million (ppm) and as high as 8000 

ppm, averaging 3250 ppm, were measured. Compared to normal 

marine salinities, about 35,000 ppm, this water is relative

ly fresh. This means that the formation is most likely hy-

drodynamically linked to surface exposures to the west. Ny-

lund (1978) reports a strong northeastward hydrodynamic gra

dient within the J Sandstone at Kachina field, approximately 

50 miles east of the study area. Geyer (1971) stated 

chloride contents of 1000 ppm and less in the area south of 

Ironhorse field (partially within the study area) to be the 

reason his company limited its exploration efforts to areas 

north of Elbert County. The premise for this is that most 

of the petroleum accumulations south of this boundary had 
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been washed out by flow of water through the formation. 

This explains why production from the J Sandstone is rare 

south of the study area, which is at the southernmost tip of 

the generally north-south-trending "fairway" of Denver basin 

production. It also means that good production should be 

found updip within these same sands. 



CHAPTER VII 
SUMMARY AND CONCLUSIONS 

The J Sandstone represents a minor regressive phase in 

the overall transgression of Early Cretaceous seas over the 

subsiding Denver basin. It was deposited in the study area 

as an eastward-prograding shoal-water delta sequence of 

delta front, delta plain and transgressive sands, silts and 

clays. Wave and tidal influence was low to moderate. The 

deltaic depositional environment transformed detrital clays 

to primarily kaolinte. 

Paragenesis proceeded in the J Sandstone as follows: 

1. Syndepositional siderite nodules and crystals; 

2. Syntaxial quartz cement; 

3. Chlorite cement; 

4. Syntaxial quartz cement; 

5. Dickite cement and replacement of detrital clay; 

6. Syntaxial quartz cement; 

7. Barite cement and replacement of dickite; 

8. Syntaxial quartz cement; 

9. Siderite and ferroan dolomite nodules, poikilo

topic ferroan dolomite cement; 

10. Silica pressure solution, hydrocarbon influx; 

11. Influx of relatively fresh groundwater. 

The timing of pyrite nodule formation could not be dis

cerned. Active channel fill sands are the only lithofacies 

with significant porosity remaining. 
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Figure 5. Photographs of the cored section of the J Sand
stone, Champlin 126 Amoco "B" No. 7 well. See Figure 2 for 
location. 
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Figure 6. Photographs of the cored section of the Davis Oil 
No. 1 Brucher well. See Figure 2 for location. 
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Figure 7. Photographs of the cored section of the Davis Oil 
No. 1 Andy well. See Figure 2 for location. 
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Key to Photomicrographs 

Most of the photomicrographs were taken with a reticle 

that imposes a micrometer scale onto the field of view. The 

length of the smallest division, d, is expressed in microns 

at the beginning of each caption. 

The photomicrographs were taken through a polarizing 

microscope. The pictures taken with polarizers crossed are 

denoted as such with the symbol "X" at the beginning of the 

caption. The others were taken with polarized transmitted 

light. 

All thin sections were stained with potassium ferri-

cyanide and alizarin-red S in order to distinguish carbon

ate minerals. Pores were impregnated by epoxy, most of 

which was blue in color. 

Key features of many photomicrographs are labeled with 

symbols and explained in the captions. 

The core footage from which the photomicrographs were 

taken is listed at the beginning of each caption. Since 

footages do not overlap between the three cores, the name of 

the well is not necessary in each caption. Footages from 

7450' to 7530' are of the Champlin 126 B well; those from 

8030' to 8058' are of the No. 1 Brucher well; and those from 

8149' to 8166' are of the No. 1 Andy well. 

The last two photomicrographs were taken with an elec

tron microscope. 
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Figure 11. 7507'; d=25 microns; X. Siderite crystals (s) 
developed within kaolinite mudstone. 

Figure 12. 7506'; d=40 microns. Siderite crystals (blue) 
partially dissolved, crushed and infilled by matrix of 
kaolinite mudstone. 
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Figure 13. 7505'; d=25 microns, 
(greenish-brown). 

Chlorite pore-fill cement 

Figure 14. 7491'; d=4 microns. Chlorite pore-fill cement 
(small green platelets) preceeded by and followed by syntax
ial quartz cement. The first generation of quartz cement 
(qc) is seen as the massive overgrowth on the quartz grain 
with a "dust rim". Many chlorite crystals were entombed 
within second-stage quartz overgrowths. Dickite filled many 
micropores between chlorite crystals. 
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Figure 15. 7491'; d=4 microns. Dickite (d) displaced chlor
ite in a primary pore. Note the alignment and density of 
chlorite platelets immediately surrounding the dickite mass. 

Figure 16. 7491'; d=4 microns; X. Same field of view as 
Figure 15, above. Note the optical orientation of the 
chlorite (c) around the dickite. 



55 

Figure 17. 8042'; d=10 microns; X. Vermicular dickite 
crystals (vd) and nuclei of dickite (d) which have formed 
within a ripup clast. Ferroan dolomite crystals (fd) are 
also present. Note the optical orientation of clays around 
the dickite. 

P 

Figure 18. 7491'; d=25 microns. Masses of dickite (d) 
which have replaced some burrow clay. Blue epoxy fills spa
ces where material was plucked out of the rock during thin-
section preparation. 
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Figure 19. 7491'; d=10 microns; X. Dickite mass (d) which 
has formed within a silty clay grain. Silt grains were dis
placed, as was illite (i) which is formed into an optically 
oriented, discontinuous lining. 

Figure 20. 7505'; d=25 microns; X. Dickite nodule, proba
bly after a ripup clast, with an irregular illite lining 
(i) and septum-like illite. 
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Figure 21. 7491'; field of view approximately 2 mm across; 
X. Large dickite nodule. Note smooth, convex edge of nod
ule where solution of quartz has occurred against the illite 
lining. Note also that grains are unaffected where the ill
ite lining is absent. 
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Figure 22. 7491'; field of view approximately 2 mm across; 
X. A large, septated nodule with silt and sand grains in
cluded within the illite septae. 
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Figure 23. 7505'; d=40 microns; X. Two dickite nodules, 
probably after clay grains. One quartz grain (q) has under
gone some solution against a thin illite lining. Pores are 
filled in this field of view by syntaxial quartz cement and 
pore-filling dickite. 

Figure 24. 7466'; d=40 microns; X. Dickite (d) has appar
ently replaced some of the organic matter filling a vertical 
burrow (right is up in photo). Ferroan dolomite crystals 
(fd) formed at a later time. 



Figure 25. 7504'; d=40 microns; X. Primary kaolinitic cla 
matrix in sandstone has been replaced by dickite. Only 
minute amounts of illite are present in this field of view 

Figure 26. 7505'; d=10 microns; X. Simultaneous growth of 
epitaxial quartz cement and pore-filling dickite cement re
sulted in ragged-edged, "pseudoetched" quartz grains. 



Figure 27. 7491'; d=10 microns; X. Barite crystal (cente 
of photo) after dickite nodule. Note illite lining, which 
was not replaced. 

Figure 28. 7491'; d=10 microns; X. Quartz cement (qc) ha 
mostly replaced barite cement (b) in primary pores. 



Figure 29. 7491'; d=10 microns; X. Syntaxial quartz ceme 
(q) has grown into a secondary pore. The quartz growth ha 
been impeded in places by dickite and a dark material. Mo 
tied grain in upper right of photo is chert. 

Figure 30. 7484'; d=40 microns; X. "Orthoquartzite." Vei 
few "dust rims" are present on quartz grains to testify to 
the massive amount of quartz cementation which has taken 
place. 



Figure 31. 8054'; d=40 microns. Primary and secondary 
porosity (blue) in active channel fill sandstone. Only a 
minor amount of this is plucked porosity. Grain boundarie 
are well defined in this sand. 

Figure 32. 8051'; d=40 microns. Oil stains in primary an 
secondary pores of the same sand as that in Figure 31 



Figure 33. 7454'; d=25 microns; X. Poikilotopic ferroan 
dolomite cement (mottled blue-green) after quartz cement e 
filling primary porosity in basal lag sand of the Mowry 
Shale. 

Figure 34. 7454'; d=8 microns; X. Same sand as above fig 
ure. Ferroan dolomite (fd) has replaced dickite (d) par
tially. 



Figure 35. 7510'; d=10 microns. Siderite nodule has replc 
ed both matrix and quartz grains. Note arrow pointing to 
"neck" of syntaxial quartz cement which remains unreplacec 

Figure 36. 7506'; d=40 microns. Ripup clasts in base of 
active channel sand. Illitic clast, far right, has become 
solution seam. Up is to the right in the photo. Kaolinit 
clasts (light brown) remain unaltered by pressure solution 



Figure 37. 7506'; d=40 microns. Intense silica solution 
has occurred in the sands with illitic clays (on the left 
half of the photo) and along layers of organic material 
(black). Sands on the right side of the photo, which have 
kaolinitic matrix, have not been subjected to silica solu
tion. Up is to the left in the photo. 

Figure 38. 7503'; d=40 microns. A tourmaline grain (below 
and left of center) protected the quartz grains directly 
below it from solution, forming a "finger" of quartz. 



Figure 39. 8041'; field of view is approximately 130 mi
crons wide. Electron micrograph of fracture-fill dickite. 

Figure 40. 8041'; field of view is approximately 55 micror 
wide. Detail of dickite platelets from above figure. 
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