
' • y \ 
^ 

V 

m "=̂  

I AREA 
• ,UT 

Davis 
PALYNOLOGY ANALYSIS I Hill ,' 

lPaly_ ; 
HILL AIR FORCE BASE GEOTHERMAL WELL #2 " """' 

LOCATION: SEC 5-5N-1W graS 
Davis County, Utah s^^" 

^g i ^ 'm 
PROCEDURE: Palynology samples were collected from cuttings between 0 ? ® o ^ 
to 3200 feet; each sample was composited over each 100 feet of inter- 6 g g ^ 
val. Routine processing included preparation of one slide mount from Ei^S"^ 
unoxidized residue for maturation estimate. The balance of the resi- o l i ^ 
due was oxidized, stained, and sieved through a 20u mesh. Mounts ^"^SlgJ 
were prepared of both the -̂20u and -20u fractions; the -20u fractions ŝ  e "̂"̂  
contained no useable palynomorphs. Preservation of palynomorphs was ^^-^ 
generally quite good and abundance per slide ranged from fair to ex
cellent. Three samples were barren of palynomorphs. 

RESULTS OF STUDY (Plate 1): Plate 1 displays the stratigraphic occur
rences of 45 palynomorph taxa. In addition, 12 reworked taxa were 
recorded. Through the application of the Composite Standard correla
tion technique, the interval between 0-2887 feet was determined to be 
Pleistocene. From 2887 to 3200 feet, the rocks are dated as upper
most Pliocene. The correlations were obtained from the data accumula
ted in the study of 22 wells and coreholes in the Salt Lake Basin. 
Through these correlations, it is calculated that about 1400 feet of 
Pleistocene have been removed by erosion. 

Figure 1 was prepared to show the diversity of various palynomorph 
taxa, and their relationship to various plant groups. 

MAJOR PLANT GROUPS 

REWORKED TAXA: Syncolporites, Triporopollenites, Ulmoideipites, Ptero-
caryapollenites, Maceopolipol1enites, Momipites, Caryapollenites (from 
lower Tertiary), and Hamulatisporites, chorate dinoflagellates, Pro-
teacidites, Cyathidites, Extratriporopol lenites (from Upper Cretaceous). 

The rather consistent appearances of reworked taxa reflect fluvial 
deposition. Good preservation of these forms suggests locations 
of Tertiary and Cretaceous outcrops were not remote from the site 
of deposition; these sources probably lay eastward. 

AQUATIC TAXA: Ovoidites, other algal cysts, Carex, Equisetum, Marsilea, 
Alisma. 

All aquatic taxa observed came from plants favoring swamp habitat, 2 
not open lacustrine. 

FUNGAL PALYNOMORPHS: Fungal spores and microthyreaceous fruiting bodies. 

Fungal remains reflect high moisture demand, moderate to warm tem- / 
peratures, and rotting conditions (marsh or wetland). A fruiting 
body noted at 400 feet implies a period of abundant rainfall. The 
genus is found today in areas where mean average rainfall is 40 _̂̂̂ ,.>j -
inches or more. " " 
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FERN AND MOSS SPORES: Laevigatosporites, Gleicheniidites, Leiotriletes, 
Cicatricosisporites. 

These spores reflect high moisture demand and moderate to warm 
temperatures. 

HERBACEOUS: Onagraceae, Persicaria, Polemoniaceae, tricol pate and tri-
colporate pollen. 

The three identified types are widely distributed in local marshy 
areas in semi-arid climate. 

GRASSES: Gramineae. 

The grasses require a lower amount of moisture than do the lower 
plant groups, and thrive in well-drained soils. As the grasses 
appear only at 600 and 2200 feet, there is no significant savan
na or prairie development in or near the site of deposition. 

ARBOREAL: Carya, Myrica, Betula. Corylus, Alnus (Alnipollenites). 

Arboreal plants require, in general, good soil drainage, moderate 
moisture, and moderate temperatures. The consistent appearance 

I of arboreal taxa, although not diverse, suggests the area had at 
least patchy deciduous forest cover throughout the Pleistocene, 
the occurrence of Carya is perhaps rework inasmuch as Carya has 
not been observed elsewhere in the Basin in the Pleistocene. The 
most consistent occurrence of arboreal taxa is Corylus which, al
though strictly speaking is a shrub, is included in the aboreals 
owing to the same living requirements. Alnipollenites, in the 
lower part of the section, reflects mountain, river and swamp y ' " 
conditions, and is widespread in areas of cooler temperatures. 

CONIFERS: Picea, Pinus, Abies, Taxodium (T-C-T) 

The identification of conifer species through pollen character 
has x\Q'̂ Qr been practical; accordingly, conifer diversity never 
exceeds five taxa. The presence of conifers in conjunction with 
other groups can indicate the presence of montane environment 
adjacent to site of deposition. Pinus indicates lower and warmer 
montane environment, Picea the higher and cooler elevations, and 
Abies higher and colder. Taxodium is of questionable value; iden
tical pollen grains may come from two distinct conifer groups that 
indicate warm, moist climate, or cold, dry climate, 

ARID CLIMATE FORMS: Compositae, Chenopodiaceae, Ephedraceae. 

In the lower part of the section arid climate forms are of low 
diversity or absent. At 1500 feet the diversity increases up
ward to the top of the section, 

COMPONENTS OF PALYNOLOGIC RESIDUES (Figure 2): Palynologic prepara
tions, excluding palynomorphs, contain varying amounts of organic and 
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inorganic materials, A visual estimate is made of residues to a) deter
mine relative abundance of plant remains for estimate of hydrocarbon 
source potential, and b) estimate inorganic component for assessment 
of depositional energy. 

The organics consist of plant structures, tissues, leaf cuticle, and 
tracheids. Inorganics consist of very finely divided black grains, 
partly pyrite, and semi-transparent gels that often contain aggluti
nated black grains. Calcium fluoride may be present, and may appear 
as smair transparent igrains or resemble broken glass; it is the result 
of imperfect removal of carbonates, by conversion to calcium fluoride, 
during processing. 

Through previous observation, in the Salt Lake Basin, several inferen
ces can be drawn from residue composition: 

1, Inorganics increase at the expense of organics. 

2, Inorganic abundance reflects increased depositional energy (coarse 
elastics), 

3, Organic abundance reflects decreased depositional energy (fine 
elastics). 

4, Calcium fluoride reflects carbonate content. --i 

5, Black carbonized content (oxidized slide mounts only) indicate 
presence of older reworked sediments. 

From 1300 feet downward, inorganics average high in abundance, and 
organics average low. From 1300 feet upward organics average high 
in abundance, and inorganics are absent. Carbonates (probably calcar
eous cement) are sporadic. Reworking occurred more frequently above 
1500 feet than below that point. 

MATURATION: All samples indicate this Pleistocene section was in pre-
generation stage. Organics, all of rather good preservation, indicate 
gas generation potential only. There was no evidence that the inter
val had at any previous time been subjected to elevated temperature. 

TIME DETERMINATION: The use of the Composite Standard correlation 
technique, used by Amoco biostratigraphers-to establish the relative 
age of a given section, was used experimentally in this study to con
vert relative time values into an approximation of absolute time, as
suming, according to available data, the age of the Pleistocene is 
1.8 million years. This conversion included placement of Kansan and 
Nebraskan glacial maxima, and the Aftonian interglacial event. Re
sults of this experiment are shown on Figure 1; it is.believed the 
reliability of these "absolute" ages is better than 85%. 

CONCLUSIONS: From the various observations discussed, several reason
able conclusions may be drawn. These are: 



1. The Pleistocene interval in this well was laid down under largely 
fluvial conditions. 

2. The lower half of the interval was laid down when the climate was 
wetter than was the upper half. The upper half became nearly semi-
arid. 

3. The lower part was laid down under fairly high energy conditions, 
the upper part under decreased energy conditions. 

4. Light forest and shrub covered the area in the lower part, opening 
later to patchy forests and extensive "sagebrush" areas. 

5. Stream drainage transported coarse elastics in the lower half. 
Drainage became sluggish, and developed local swamps in the upper, 
with no significant open water. 

6. Approximately 1400 feet of upper Pleistocene have been removed by 
erosion. 

7. Direction of sediment transport was westward by streams flowing 
off the Wasatch Front. 

8. Sediment sources included rocks of lower Tertiary and Upper Cre
taceous age. 

9. Stratigraphic levels of Kansan and Nebraskan glacial maxima, and 
the Aftonian interglacial event are suggested. 

10. Pleistocene geothermal paleotemperature was never appreciably 
higher than it is at present. 
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PALYNOLOGY ANALYSIS 

HILL AIR FORCE BASE GEOTHERMAL WELL #2 , 

LOCATION: SEC 5-5N-1W 
Davis County, Utah 

PROCEDURE: Palynology samples were collected from cuttings between 0 
to 3200 feet; each sample was composited over each 100 feet of inter
val. Routine processing included preparation of one slide mount from 
unoxidized residue for maturation estimate. The balance of the resi
due was oxidized, stained, and sieved through a 20u mesh. Mounts 
were prepared of both the -i-20u and -20u fractions; the -20u fractions 
contained no useable palynomorphs. Preservation of palynomorphs was 
generally quite good and abundance per slide ranged from fair to ex
cellent. Three samples were barren of palynomorphs. 

RESULTS OF STUDY (Plate 1): Plate 1 displays the stratigraphic occur
rences of 45 palynomorph taxa, in addition, 12 reworked taxa were 
recorded. Through"the application of the Composite Standard correla
tion technique, the interval between 0-2887 feet was determined to be 
Pleistocene. From 2887 to 3200 feet, the roeks are dated as upper
most Pliocene. The correlations were obtained from the data accumula
ted in the study of 22 wells and coreholes in the Salt Lake Basin, 
Through these correlations, it is calculated that about 1400 feet of 
Pleistocene have been removed by erosion. 

Figure 1 was prepared to show the diversity of various palynomorph 
taxa, and their.relationship to various plant groups, 

MAJOR PLANT GROUPS 

REWORKED TAXA: Syncolporites, Triporopollenites, Ulmoideipites, Ptero-
caryapollenites, Maceopoli pol1eni tes, Momipites, Caryapollenites (from 
lower Tertiary), and Hamulatisporites, chorate dinoflagellates, Pro-
teaeidites, Cyathidites, Extratriporopollenites (from Upper Cretaceous). 

The rather consistent appearances of reworked taxa reflect fluvial / 
deposition. Good preservation of these forms suggests locations 
of Tertiary and Cretaceous outcrops were not remote from the site , 
of deposition; these sources probably lay eastward, 

AQUATIC TAXA: Ovoidites, other algal cysts, Carex, Equisetum, Marsilea, 
Alisma, 

All aquatic taxa observed came from plants favoring swamp habitat, 
not open lacustrine. 

FUNGAL PALYNOMORPHS: Fungal spores and microthyreaceous fruiting bodies. 

Fungal remains reflect high moisture demand, moderate to warm tem- / 
peratures, and rotting conditions (marsh or wetland). A fruiting 
body noted at 400 feet implies a period of abundant rainfall. The 
genus is found today in areas where mean average rainfall is 40 ^̂,,, 
inches or more. 



FERN AND MOSS SPORES: Laevigatosporites, Gleicheniidites, Leiotriletes, 
Cicatricosisporites. 

These spores reflect high moisture demand and moderate to warm 
temperatures. 

HERBACEOUS: Onagraceae, Persicaria, Polemoniaceae, tricol pate and tri-
colporate pollen. 

The three identified types are widely distributed in local marshy 
areas in semi-arid climate. 

GRASSES: Gramineae. 

The grasses require a lower amount of moisture than do the lower 
plant groups, and thrive in well-drained soils. As the grasses 
appear only at 600 and 2200 feet, there is no significant savan
na or prairie development in or near the site of deposition. 

ARBOREAL: Carya, Myrica, Betula, Corylus, Alnus (Alnipollenites). 

Arboreal plants require, in general, good soil drainage, moderate . 
moisture, and moderate temperatures. The consistent appearance 
of arboreal taxa, although not diverse, suggests the area had at 
least patchy deciduous forest cover throughout the Pleistocene, 
the occurrence of Carya is perhaps rework inasmuch as Carya has 
not been observed elsewhere in the Basin in the Pleistocene. The 
most consistent occurrence of arboreal taxa is Corylus which, al
though strictly speaking is a shrub, is included in the aboreals 
owing to the same living requirements. Alnipollenites, in the 
lower part of the section, reflects mountain, river and swamp 
conditions, and is widespread in areas of cooler temperatures y 

CONIFERS: Picea, Pinus, Abies, Taxodium (T-C-T) 

The identification of conifer species through pollen character 
has never been practical; accordingly, conifer diversity never 
exceeds five taxa. The presence of conifers in conjunction with 
other groups can indicate the presence of montane environment 
adjacent to site of deposition. Pinus indicates lower and warmer 
montane environment, Picea the higher and cooler elevations, and 
Abies higher and colder, Taxodium is of questionable value; iden
tical pollen grains may come from two distinct conifer groups that 
indicate warm, moist climate, or cold, dry climate. 

ARID CLIMATE FORMS: Compositae, Chenopodiaceae, Ephedraceae. . 

In the lower part of the section arid climate forms are of low 
diversity or absent. At 1500 feet the diversity increases up
ward to the top of the section, 

COMPONENTS OF PALYNOLOGIC RESIDUES (Figure 2): Palynologic prepara
tions, excluding palynomorphs, contain varying amounts of organic and 
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inorganic materials, A visual estimate is made of residues to a) deter
mine relative abundance of plant remains for estimate of hydrocarbon 
source potential, and b) estimate inorganic component for assessment 
of depositional energy. 

The organics consist of plant structures, tissues, leaf cuticle, and 
tracheids. Inorganics consist of very finely divided black grains, 
partly pyrite, and semi-transparent gels that often contain aggluti
nated black grains. Calcium fluoride may be present, and may appear 
as small transparent grains or resemble broken glass; it is the result 
of imperfect removal of carbonates, by conversion to calcium fluoride', 
during processing. 

Through previous observation, in the Salt Lake Basin, several inferen
ces can be drawn from residue composition: 

1. Inorganics increase at the expense of organics. 

2. Inorganic abundance reflects increased depositional energy (coarse 
elastics), 

3. Organic abundance reflects decreased depositional energy (fine 
elastics). 

4. Calcium fluoride reflects carbonate content. -a 

5. Black carbonized content (oxidized slide mounts only) indicate 
presence of older reworked sediments. 

From 1300 feet downward, inorganics average high in abundance, and 
organics average low. From 1300 feet upward organics average high 
in abundance, and inorganics are absent. Carbonates (probably calcar
eous cement) are sporadic. Reworking occurred more frequently above 
1500 feet than below that point, 

MATURATION: All samples indicate this Pleistocene section was in pre-
generation stage, Organics, all of rather good preservation, indicate 
gas generation potential only. There was no evidence that the inter
val had at any previous time been subjected to elevated temperature. 

TIME DETERMINATION: The use of the Composite Standard correlation 
technique, used by Amoco biostratigraphers to establish the relative 
age of a given section, was used experimentally in this study to con
vert relative time values into an'approximation of absolute time, as
suming, according to available data, the age of the. Pleistocene is 
1.8 million years. This conversion included placement of Kansan and 
Nebraskan glacial maxima, and the Aftonian interglacial event. Re
sults of this experiment are shown on Figure 1; it is.believed the 
reliability of these "absolute" ages is better than 85%. 

CONCLUSIONS: From the various observations discussed, several reason
able conclusions may be drawn. These are: 



1. The Pleistocene interval in this well was laid down under largely 
fluvial conditions, 

2. The lower half of the interval was laid down when the climate was 
wetter than was the upper.half. The upper half became nearly semi-
a r i d , ..,-.'.-'• 

3. The lower part was laid down under fairly high energy conditions, 
the upper part under decreased energy conditions. 

4. Light forest and shrub covered the area in the lower part, opening 
later to patchy forests and extensive "sagebrush" areas. 

5. Stiream drainage transported coarse elastics in the lower half. 
Drainage became sluggish, and developed local swamps in the upper, 
with no significant open water. 

6. Approximately 1400 feet of upper Pleistocene have been removed by 
erosion. 

7. Direction of sediment transport was westward by streams flowing 
off the Wasatch Front. . • 

8. Sediment sources included roeks of lower Tertiary and Upper Cre
taceous age, 

9. Stratigraphie levels of Kansan and Nebraskan glacial maxima, and 
'- the Aftonian interglacial event are suggested. • - • • • • . 

10. Pleistocene geothermal paleotemperature was never appreciably 
higher than it is at present. 
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FIGURE 1 

H I L L AIR FORCE BASE GEOTHERMAL 
WELL NO. 2 

REWORKED 
TAXA 

> 

> 

r 
> 

FRESHWATER 
. AQUATICS 

Y 

/ 

FUNGAL 
PALYNOMORPHS 

> 

> 

FERN AND 
MOSS SPORES 

HERBACEOUS 

T ' 

> : 

> 

> : 

> > 

GRASSES 

> 

> 

ARBOREAL 

> 

\ 

J 

\ 

N O . O F T A X A : 1 i i I I I I i i I I 
0 10 

CONIFERS 

J 

A R I D 
CL IMATE 

FORMS 

> 

? 

1400'OF 
PLEISTOCENE 

ERODED 
o'Fgfet 

(0.7 MY) 

KANSAN M A X . 

(0.8 MY) 

(0.9 MY) 

(1 MY) 

AFTONIAN MAX 

1000 FT. 

(1.1 MY) 

(1.2 MY) 

(1 .3MY) 

(1.4 MY) 

NEBRASKA! 

M A X . 

(1.5 MY) 

. (1.6 MY) 

(1.7 MY) 

(1.8 MY) 

3000 FT. 



=>• v" . 4 COMPONENTS O F PALYNOLOGIC RESIDUES 
(EXCLUDING PALYNOMORPHS) - • 

FIGURE 2 ' ' 

H I L L AIR FORCE BASE GEOTHERMAL 
WELL NO, 2 

1000 

2000 

3000 

ydSMz-

V I S U A L ESTIMATE OF R E L A T I V E 
ABUNDANCE 

T 

R 

O 

C 

A 

TRACE 

RARE ' ; 

OCCASIONAL 

C O M M O N • 

A B U N D A N T 

..vA.;-,-



•A^ 
\ - • -

-.-,., 

am-/ 

y^-7il 

7jdSSS.,.73 
7 / / - 7^3 I 
7 / d ^ d o -\ I 

~\ d d ^ 3 i -
' ^ /22ZP: ' \3 

o 

ddlS^ 

t 'r 

.3.7 s 
: ^SP.7 
d373>J, 
'-37'S.d 

3 8^0' 
-37<z>z. 
md.-^ 

/ 

( 
- f -

1 

\ -
1 

• " 

. . J . 

, t . 

f 

1 

-i -

1 

!_• ̂ -̂  

. 

: • , <'^ 

I . . .1 



to 
\ w ^ ' ^ H -

-•--t-

- . i . 

yy/0pS3-7 lzJ^ \ - .^ . . 

. 7 ' ^ S \ y 3 .2.3r^U y 7 
.L.:.ai^]::.;. '/3>.3f7zL 
...y335\..z:,.3l3'S7:,.^.. 
.7.dP2 7 y . 7 3 3 X X 2 . 

..^7f.3-7-':-,./d3S,yZ7. 
_. ^o\.y.,..^7P,7dd.--X. 

..d^S7Z,..7z/SMS...-7,^. 

. . . . . . . . - . \ , . . . . . . ~ > j . 7...Sy . y .L . . -J_, 

M> 
\. -

.xp3d^S3:-. 

.1.....,:.-. 
^d 
7 S 

,373. .2^ 

z J - S \ % 
z d-37Si 
L 317 r^% 
.dlJr:S:t 
.:lZrS^ 

77P 7.^X7.1^2 ̂  

' • ^ 

.p. 
7 ^ 

-!-

• \ 

- . /5^ 
. \.J.3S.... 

-d^S 
.15^. 

:- -155.-

..://<?..., 

ITS, 

.. ,p^s 
. d f s 

.. difp. 
2d>S 

,. 2X7-. 
.27 5 

,. 2se>. 
- 2 d S 
-236. 

7S3S. 
. 7 7 6 . 
:.Z2^S 

7SZ7A 
iSS: 

J /S.377 
17322 
1233 7 

. . .72 '5S7 . 

:a '3Li:7.. 

•.3x7'32^:\ .. 
.773377,3 
- d3^3 2-7-. 
z J Z 3 t x . 7 
.:..\Z-5)-. I 

. n S p : 3..-
\/Z 7 / 5 yy.. 
127-T-.7. 
}Z..ZZ^.7 
17:^37.3.. 
XSXS- 7 
i2 .Z-^ : -y • 

I7A.O7:. X 

. I Z y ^ - ^ \-y 
U<dS7 f 

-13.<3) . : 
d d . ' ? d ' d 2 
I d ^ i S d x ^ 

-1773-. 3 
l i . ^ ^ . X. 

M s 
.7370..:...-
! ^ ^ -
\ 222d>: \. 
\ 3 2 S P 

'^3od '-

y\35dP. 
y \ 3 m . . 

33ko \ 
'SdS 3 . 
'3 7 0 \ 
W75:. .. 

z^S^. , 

-3SSX7-. -ms-

Z€>. 

dus.-

' v 7 

'277^--
h 7 7 S '• 

^(7.^5 ' 
•'' '-7z\ 

I S 7 7 7 • 
7 y d 7 S : . X z 
X3UM 7 7 7 . 
\d77kd.7 • . 2 1 
\ - d 7 7 d x 7 d 
\ d / U 7 d d ^ 3 
\-.l2,b73 7. :. 
77d.'.<i2:z\ ; 
i.-M-^4..-l:-: 
pPlX'lS^z,:-.. 
-Xdd^<?-y\ -̂  
:\I.272^:..'Z..\ 
3.ddZ7z.x.3^ 
1/2.33..7\.-3 

. k U ^ d - .^-x, 1 
•Mz..37..:..d7, 
3/dd7-r^^yP 
.d2^37y 
37.2^5:..: 
\ I Z ' 5 S ^ 
\ IP. 5 7 

UZ'M:-

.\iZ.::dS.... 
\/t<?.7. . 
:I3, o^\.. 
\ IS 7 7 7.. 

3/.5...dS... 
ds-dsa ,̂. 
•d3.^Sd 
y3yd7>^ 

73:757., 22 
/d -7g ' i 
7.373^2 7.3 
d M ' M d p 
W : 7 3 . ^ . \ 
7-22.. S ^ 3 7 
W , - 3 P . I P 
' /^/^.: 1 
'•' z S ^ 

T ' - y-.2-
' t--,---

J. 
S \ t — 

.-i- -f f-

: i .1 

- - • - ' • — i -

'1 I t 
_ ^ , I f . ; . 

'y~-

.1: 

2 ..l. 

. ._ . l .„ 

..... ,.., 

.—h . 1 . . . T 

- V - - - * - - * • • , " • • " - ? " - ' 

.a- -i.. 

- , — » „ 

SGz^y 

dS<> 3PP20. 

, ----t. 

T - ( 

* L.. .S:u—I 

2 ;,._. 

.... - , J 

• \ - 7 ! '„. 

- - X --I" " I - " 

;,..a, ,;... 

file:///32SP
file:///-d77dx7d

