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ABSTRACT

Paradox Formation salt cycle top and base depths from 
more than 600 oil and gas wells within the Paradox Basin 
of Utah are incorporated into a well data spreadsheet and 
their distribution shown on an accompanying map. Some 
data from potash exploration holes were included. Wire-
line geophysical logs from 174 wells were reviewed and 
salt cycles correlated following current industry nomen-
clature. Ancillary location and header data were also in-
cluded. Data were collected from previous workers, and 
some data include only the first or uppermost salt cycle 
encountered in a well. A basin-wide map showing wells in-
cluded in the well data spreadsheet, and further identify-
ing which wells encountered more than one salt cycle, was 
generated. Outlines of areas covered by selected past salt 
and potash studies are also shown on the map.

INTRODUCTION

Location of Study Area

The study area is the Utah portion of the 
Paradox Basin, a depositional basin that 
covers an area of about 12,000 square 
miles of southeast Utah and southwest 
Colorado, and which extends a short dis-
tance into northwestern New Mexico (fig-
ure 1). The study area is sparsely popu-
lated with only a few small towns. Access 
to the basin is fair with major highways 
crossing the area and an east-west rail-
road line crossing the northern end of the 
basin, with a spur extending southeast-
ward along the axis of the basin to the In-
trepid Potash mine near Moab, Utah.

Background

In response to a State solicitation for con-
tract proposals from the Utah Geological 
Survey, the authors submitted a proposal 
on June 9, 2010, to create a Paradox Basin 
salt database. The proposal was selected 
competitively from the proposals re-
ceived, and was funded under State of 
Utah Contract number 116047, which was 
signed in July 2010. 

Purpose and Scope of Project

The purpose of this study was to develop a database of the 
salt cycles in the Pennsylvanian Paradox Formation of the 
Hermosa Group from selected wells in the Utah portion of 
the Paradox Basin.

The scope of the study includes:

1. A spreadsheet of wells penetrating the Paradox salt se-
quence with depths and tops of correlated individual salt 
cycles. This spreadsheet is appended as an Excel file.

2. A project map showing well locations, outlines of areas 
covered by selected past salt and potash studies, the mas-
ter correlation section location, the land grid, and basic 
geographic information. This base map is appended as a 
.pdf file.

WELL DATABASE OF SALT CYCLES 
OF THE PARADOX BASIN, UTAH

Figure 1. Paradox Basin location map (after Raup and Hite, 1992).
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3. A final report describing the methodology, problems en-
countered, recommendations for future work, and refer-
ences.

The authors primarily used oil and gas well data and 
down-hole geophysical wireline logs downloaded from 
the Utah Division of Oil, Gas, and Mining website. Not all oil 
and gas wells in the Paradox Basin were reviewed; only a 
geographically distributed subset that were felt to be rep-
resentative and deep enough to penetrate the full salt sec-
tion of the basin were examined. Some data were included 
from potash drill holes, but most of this type of data is con-
fidential and not readily available. The study focused on 
identifying and correlating depths for up to 29 salt cycle 
tops and bases. Potash presence is noted as comments in 
spreadsheet cells, but a thorough investigation of potash 
present in various salt cycles in the wells was outside the 
scope of the project. Also, no salt cores were evaluated for 
the database. All measurements are in feet and miles; no 
metric conversions are included in the text.

Previous Studies

Geologists and engineers have extensively studied the 
Paradox Basin due to its interesting geology, oil and gas 
and potash resources, salt tectonics, and potential for use 
for high-level nuclear waste disposal. Although there are 
hundreds of geologic reports and maps for the Paradox 
Basin, there are only a few that are good basic overviews 
of the Paradox Basin geology of Utah. These include Elston 
and Shoemaker (1961), Woodward Clyde Consultants, 
Inc. (1979), Baars and Stevenson (1981), Doelling (2001), 
Doelling (2004), Hintze (2005), and Hintze and Kowallis 
(2009). Good general discussions of the basin’s potash re-
source include Hite (1960), Ritzma and Doelling (1969), 
Hite and Cater (1972), Hite and Lohman (1973), Britt 
(1977), Hite and Buckner (1981), and Anderson (2008).

GENERAL GEOLOGY

Thick salt deposits of Middle Pennsylvanian age are pres-
ent in an area of approximately 12,000 square miles in the 
Paradox Basin of southeast Utah and southwest Colorado. 
The salt deposits consist of cyclical sequences of thick ha-
lite units separated by thin units of black shale, dolomite, 
and anhydrite. Over much of the Paradox Basin the salt de-
posits occur at depths over 5000 feet. Many halite units 
are several hundred feet thick and locally several contain 
economically valuable potash deposits, usually in their up-
permost levels. The greatest thicknesses of salt and evapo-
rites are found in a trough-like depression bordering the 
ancestral Uncompahgre uplift (figure 1) along the north-
east margin of the basin (Hite and Lohman, 1973). 

In the Paradox Basin, a wedge-shaped sequence of sedi-

mentary rocks overlies a basement complex of Precam-
brian crystalline rocks. Paleozoic and Mesozoic rocks 
dominate the sedimentary sequence; there are also local 
Tertiary intrusives as well as Quaternary cover. The units 
of interest in this study are in the Paradox Formation of 
the Hermosa Group (figure 2). The Paradox Formation can 
range in thickness from 500 ft to more than 9000 ft. There 

Figure 2. Regional stratigraphic column (from Hintze and 
Kowallis, 2009; used with permission).
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are up to 29 salt cycles in the Paradox Formation, but not 
all cycles are present at every location. By convention, the 
cycles are numbered in descending vertical order from 
surface to depth. Figure 3 shows a detailed version of the 
Paradox Formation salt cycle stratigraphy.

“Along the northeast margin of the basin, bordering the 
Uncompahgre uplift, the salt-bearing rocks of the Paradox 
Formation are faulted down against the Precambrian core 
of the uplift and covered by a thick wedge of coarse Perm-
ian age clastics. The top of the salt in this 
area is from 14,000 to 15,000 feet below 
surface. In the rest of the basin depths 
to the salt average about 5,000 to 6,000 
feet, except in salt anticlines where lo-
cally it is brought up to within 500 feet 
of the surface” (Hite and Lohman, 1973).

METHODS

Listed below are the steps followed in 
this study to compile and organize well 
and wireline data into the salt cycle well 
data spreadsheet appended to this re-
port.

1. Select oil and gas wells to be evaluat-
ed based on their proximity to “master” 
wells or cored wells found on cross sec-
tions correlated by Hite (Hite, 1960; Hite 
and others, 1972; etc.), distance from 
faults and anticlines, and geographical 
distribution. Determine well API num-
bers.

2. Go to Utah Division of Oil, Gas, and 
Mining (DOGM, at http://www.ogm.
utah.gov), Oil & Gas Program, LiveData 
Search, “Well Information,” “Formation 
Tops,” insert the well’s API number in 
appropriate box, and click “Submit.” 
(http://oilgas.ogm.utah.gov/Data_Cen-
ter/LiveData_Search/scan_data_lookup.
cfm) 

Note the depths to the tops of relevant 
Pennsylvanian and Mississippian age 
formations. This information is often 
collected from Well Completion Reports 
submitted by well operators during the 
course of filings, and may not necessar-
ily be accurate. Sometimes these tops 
are actually pre-drilling estimations of 
formation top depths. All information is 
in feet. In this study, relevant formation, 

member, or zone tops are “Hermosa” (“Honaker Trail”), 
“Paradox,” “Molas,” “Pinkerton,” and “Mississippian” 
(“Redwall”, “Leadville”); others may include “Ismay,” “Des-
ert Creek,” “Akah,” “Barker Creek,” and “Alkali Gulch” oil 
zones. These data reveal if a well was drilled deep enough 
for evaluation purposes. Note that column headers can be 
clicked to sort data by depth. Note also that DOGM’s UTM 
coordinate information is in NAD27, not NAD83.

3. Return to DOGM LiveData Search “Main Menu.” Click 

Figure 3. Detailed salt stratigraphy (after Morgan and others, 1991).
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“Well Logs” tab, “Search Well Logs,” insert well API num-
ber in appropriate box, click “Submit.” Well wireline logs 
that are in the DOGM scanned system are listed. These are 
in .tiff format. There are no .las format files available. Not 
all wells drilled have logs in the system.

Note that the various logs’ minimum and maximum logged 
depths are given. Compare depths to those noted in the 
Formation Tops step above. Download well log types de-
sired by right-clicking “Download” under the “Available 
Logs” header. Have a pre-made file directory and file folder 
ready for this. Navigate to directory and folder, and label 
file with API number and log type for ease in follow-on 
work (e.g., 4303716238-Sonic). For salt evaluation work, 
the natural gamma, density, sonic, neutron, and sample 
wireline well logs are valuable and should be acquired.

4. Open the well wireline log in an appropriate viewing 
software package. Weatherford’s “PreView” free, down-
loadable software was used for this project (version 
11.01.1863 dated June 29, 2010, Weatherford Interna-
tional Ltd., www.weatherford.com ). In PreView, logs can 
be depth registered, text can be added, and marker or cor-
relation lines can be annotated. Multiple versions of the 
software can be run side-by-side on a monitor to aide in 
on-screen correlations. If one is an expert in log interpre-
tations and fully knowledgeable of the salt cycles of the 
Paradox Basin, this method of cycle recognition and cor-
relation work may be useful.

However, the authors’ preferred method was to print paper 
copies of the logs, and correlate them by placing logs phys-
ically side-by-side for visual comparisons. Printing was 
easy with the Weatherford “PreView” software; clicking 
“File” and “Print Preview” allows one to select individual 
pages or ranges of pages to print, and also allows for scal-
ing of the printed logs. A printed scale of 1 inch = 100 feet 
was used in this study. For some logs the “Settings” button 
needs to be clicked and “Log Height” adjusted in order for 
the logs to print to the scale desired.  After printing, the 
pages can be taped together with suitable overlap.

5. Inspect the selected well wireline log and compare it to 
logs from adjacent wells, especially if those adjacent logs 
have been previously correlated and completed satisfacto-
rily. Especially helpful are well logs that have been vetted 
in published literature, or analyzed by knowledgeable spe-
cialists in the field, or are from wells for which core was 
also available. 
 
This study used well log and cross sections interpreted 
and correlated by Robert Hite (Hite, 1960; Hite and oth-
ers, 1972) as a reference to make subsequent correlations 
for other wells. We often first focused on locating and 
correlating major shale marker beds (“Gothic,” “Chimney 
Rock,” “Marker A,” “Marker B,” “Marker C,” “Cane Creek,” 
“Marker D”) within well logs, and afterward identifying 
the salt cycles between the marker beds. The marker beds 
usually display a gamma-ray log kick that wraps around 

off-scale not to be confused with potash beds which can 
exhibit similar kicks. A few other minor, yet seemingly 
widespread, thin marker beds were noted in the Paradox 
Formation sequence, especially in salts 10 and 18, and be-
tween salts 18 and 19.

In an effort to help minimize correlation errors, an initial 
“master section” trending northwest-southeast through 
the central portion of the basin was created consisting 
of only Hite-correlated well logs (see Appendix A project 
map). Especially helpful were wells studied by Hite and 
others (1972). Next, wells located approximately along 
this trend and between those Hite wells were correlated 
to the Hite wells. Finally, other wells located farther off this 
master section were correlated back to the original Hite 
wells.

6. Compare logs to the idealized Paradox salt sequence. 
Figure 6 of Morgan and others (1991) is a good, simplified 
stratigraphic guide to follow when working on well logs. 
If no structural complications are present, then the regu-
lar sequence of salt cycles should be present in the order 
shown, along with intervening shale-dolomite-anhydrite 
marker beds, which were laid down under shallow marine 
to marginal marine, low-energy depositional conditions. 
Some salt cycles (especially the lower salts) may thicken, 
thin, or be absent due to paleotopography or diagenetic 
conditions. Some upper salt cycles may not be present due 
to diagenetic conditions (dissolution of salts and conver-
sion to anhydrite).

7. Look for features characteristic of individual salt cycles. 
Some general and some more specific observations con-
cerning log responses or characteristics of different salt 
cycles follow.

Most salt cycle tops and bottoms appear “blocky” in gam-
ma-ray and sonic wireline log responses, with no apparent 
“fining upward” or “coarsening upward” log patterns.

Potash beds are found at or near the top of salt cycles 5, 
6, 9, 13, 16, 18, 19, 20, 21, 22, and 24. A major carnallite 
“marker” zone is in the middle of salt 6. Potash bed iden-
tification was not the focus of this study, but potash com-
ments are included in the spreadsheet.

The top of a salt cycle in this study is defined as the top 
(uppermost) halite in the cycle’s lithology, not the top an-
hydrite in the sequence, if an anhydrite is present. Simi-
larly, the base of a salt cycle is the lowest halite in the cycle, 
not including any adjacent lower anhydrite.

· Salt cycle 1 (S1) is usually not present.
· The so-called “Paradox Marker” bed or zone is a persis-
tent shale zone (high natural gamma kick) between salt 
cycle 1 (S1) and salt cycle 2 (S2).
· S2 is usually the uppermost salt present. It is often an 
anhydrite, or partially so.



Well database of salt cycles of the Paradox Basin, Utah 5

· S3 often has a few distinctive, approximately 5-ft-thick, 
moderate gamma-ray kicks in its upper portion that be-
come recognizable with study of multiple wireline logs. S3 
may consist entirely of anhydrite, or only its upper and/
or lower portions. This is the first salt above the “Gothic 
Shale” marker.
· S4 thickens and thins throughout the basin and is not too 
distinctive. Often the upper 20 ft may be an anhydrite.
· S5 may contain a major sylvite bed (potash bed which 
displays a “strong” gamma-ray log kick) near its top, from 
a few feet to up to 20 ft or more thick. This is the first salt 
above the “Chimney Rock” marker.
· S6 usually contains the diagnostic “Carnallite Marker 
Bed” (which displays a “weak” gamma-ray log kick), which 
is from 20 to 80 ft thick (often up to 100 ft thick) and is 
present in the middle of S6. Thin potash beds may be pres-
ent near the top of S6.
· Salt cycles 7 and 8 often appear almost merged, with only 
a very thin non-salt bed separating them. They could be 
considered a couplet or “twins”.
· Salt 9 may contain a major sylvite bed near its top, from 5 
to 50 ft thick, and may also contain an additional carnallite 
zone.
· Salts 10 and 18 often have a distinctive, higher natural 
gamma-ray log spike near their mid points. These spikes 
are usually thin (5 to 10 ft maximum) yet seemingly re-
gional shale partings. They are often very diagnostic of 
these two salt cycles.
· Salt cycles 11, 12, 14, and 15 may be thin, or discontin-
uous throughout portions of the basin. Portions of their 
beds may consist of anhydrites.
· S11 is the first salt below the “A Marker” and is usually 
nondescript.
· S12 is often absent, or is thin and may consist of anhy-
drite.
· S13 often displays multiple beds of thin to moderately 
thick “mixed” potash, described in literature as a mixture 
of sylvite, halite, and carnallite. This potash zone is en-
countered from the middle to the top of S13, and can reach 
from 25 ft to 75 ft thick.
· S14 is the first salt below the “B marker”, and is usually 
nondescript.
· S15 is often nondescript.
· S16 often has a carnallite zone (weak to modest, higher 
natural gamma-ray log signature) in its middle, from 25 ft 
to 100 ft thick.
· S17 is usually rather thin. 
· S18 often has potash near its top, sometimes in two dis-
tinctive beds separated by halite. The potash is usually de-
scribed as sylvite, and is from 7 ft to 80 ft thick. It also has 
a weak but distinctive natural gamma-ray log spike near 
its center, probably a thin but regionally significant shale 
parting.

· S19 often has potash near its top, usually described as 
sylvite, from 25 ft to 200 ft thick.

· S20 is the first salt below the “C Marker”, and is usually 
nondescript.

· S21 often contains a substantial potash zone (up to 100 
ft thick in its middle or near its top). This is the first salt 
above the “Cane Creek Marker Bed.”

· Salts below (deeper than) the Cane Creek Marker Bed are 
usually much harder to correlate, probably due to sporadic 
in-filling of basin paleotopographic lows, and the on-lap 
and off-lap nature of these salt cycles. Salt cycle correla-
tions below the Cane Creek Marker Bed are difficult and 
unreliable; therefore, less time was expended on correlat-
ing those beds, especially because salt or potash resources 
are much less economic at greater depth.

· Salt cycles 22 through 25 may be thin or discontinuous 
throughout portions of the basin, and often show as cou-
plets or “twins”.

· Salt cycles 26 through 29 were rarely present, and are the 
most difficult cycles to correlate.

Table 1 lists minimum, average, and maximum salt and in-
terbed thickness derived from the well data spreadsheet.

8. Daniels and others (1980), Figure 7 of BPB Instruments 
(1981), and Nelson (2007) give good discussions on wire-
line logging responses for interpreting evaporite deposits. 
Table 2 is a synthesis of parameters from these references.

As this study was a first-pass through several hundred 
logs from oil and gas wells and potash exploration holes, 
lengthy examinations of log responses were not possible 
or practical. Instead, salt cycles were quickly established, 
usually from visual inspection of a single log, although 
there may be multiple logs available, either from DOGM or 
from log vendors, for each well. Also, in some locations, 
numerous wells can be closely spaced. 

From this study, Paradox halite displays near-baseline (es-
sentially zero) natural gamma-ray log signatures (low con-
tent of naturally occurring radioactive components); seem 
to lie in the 65-70 microsecond/ft range (67 on average) 
on sonic logs; have very high resistance values (so resis-
tivity or laterolog curve deflections should be well to the 
right); have high neutron log responses (low water con-
tents); and, if a true density log is available, halite density 
is close to 2.16g/cc.

9. Annotate the paper wireline logs in pencil, marking the 
various salt cycles and marker beds. Lightly color known 
or suspected potash beds with red pencil on the gamma-
ray log curve.

10. Compile the oil and gas well data, or potash explora-
tion hole data, into a single, flat Excel spreadsheet. Table 3 
lists the categories of data used in this study.
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Table 1. Paradox Formation salt cycle and interbed thickness statistics.

Salt Minimum Average Maximum Interbed Minimum Average Maximum

S1 20 87 267 S1 to S2 40 85 190
S2 10 168 760 S2 to S3 15 80 300
S3 5 73 288 S3 to S4 20 74 270
S4 5 70 210 S4 to S5 9 43 225
S5 5 113 855 S5 to S6 18 75 242
S6 25 228 483 S6 to S7 5 25 75
S7 20 81 170 S7 to S8 4 10 40
S8 5 54 175 S8 to S9 10 45 135
S9 15 126 365 S9 to S10 10 43 160

S10 15 139 940 S10 to S11 5 35 132
S11 5 56 2940 S11 to S12 2 18 65
S12 5 15 65 S12 to S13 6 24 90
S13 40 141 580 S13 to S14 5 27 70
S14 5 68 330 S14 to S15 3 18 110
S15 5 49 775 S15 to S16 3 21 85
S16 15 133 297 S16 to S17 5 17 55
S17 5 39 315 S17 to S18 2 10 110
S18 90 243 835 S18 to S19 3 19 610
S19 11 244 1055 S19 to S20 5 48 245
S20 10 102 318 S20 to S21 4 21 180
S21 5 225 1820 S21 to S22 25 90 265
S22 5 46 300 S22 to S23 5 17 60
S23 5 60 265 S23 to S24 4 22 125
S24 10 86 485 S24 to S25 5 17 150
S25 10 50 115 S25 to S26 5 30 170
S26 20 78 240 S26 to S27 5 30 225
S27 10 130 834 S27 to S28 15 42 155
S28 15 120 240 S28 to S29 13 84 256
S29 21 108 204

Table 2. General log responses and characteristics of evaporite rock sequences.

Rock/ 
Mineral

Density
Natural 
Radio-
activity

Gamma 
Ray 

Response

Water 
Content

Neutron 
Response

Sonic 
Response

Sonic 
Actual

Resistivity  
Response

g/cc relative relative relative relative relative ms/ft relative
Anhydrite 2.96 None Low Very low High High 52 High
Halite 2.16 None Very low Very low High Low 67 High
Sylvite 1.99 Very high Very high Low High High Low
Carnallite 1.61 Low Intermed High Intermed High Low
Shale 2.2–2.6 High High Intermed Low Low Low
Dolomite 2.87 None Low Low High Intermed Variable
Limestone 2.2–2.6 None Low Low High Intermed Variable
Gypsum 2.32 None Low Intermed Low Low High
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In the spreadsheet, each row or line (record) contains 
data for an individual well; each column (field) is a par-
ticular attribute or characteristic related to a well, or salt 
contained in it. Columns also show relevant header and 
location information, references, and depth data related 
to salt tops and bottoms for all salt cycles and intervening 
non-salt units.

Often, the top and base of salts were nominally estimated 
to the nearest five foot depth interval for this study. Sus-
pected potash zones within the salt cycles were noted on 
the paper logs as comments in the appropriate cells of the 
spreadsheet. Many of the potash observations were taken 
from a study by Britt (1977).

RESULTS

A simple though extensive well data spreadsheet (in Excel 
format) was created with depths and elevations for the 
top and base of salt cycles of the Paradox Formation in the 
Utah portion of the Paradox Basin. More than 600 oil and 
gas wells and more than 100 potash exploration holes are 
incorporated into the spreadsheet, and their distribution 
is shown on the accompanying map. 

Wireline geophysical logs from 174 oil and gas wells were 
reviewed and salt cycles correlated following Hite’s salt 
cycle nomenclature. Salt cycle data were collected from 
previous studies, some of which include only the depth of 
the first or uppermost salt cycle encountered.

A basin-wide map displaying which wells were included in 
the spreadsheet, and further identifying which wells en-
countered one or more salt cycles, is provided. Outlines of 
areas covered by selected past salt and potash studies are 
also shown on the map.

Some problems were encountered during this project, and 
they are listed below:

· The DOGM well database is incomplete; there are several 

instances of known oil and gas wells not currently listed 
in the DOGM online database. Additionally, not all publicly 
available geophysical well logs are in the DOGM online da-
tabase. The authors tracked down some logs available via 
private vendors, but did not acquire them due to budget 
constraints.

· In the accompanying well data spreadsheet, several fields 
for multiple records could not be populated completely, as 
information from either DOGM or the log header was miss-
ing. Examples of some missing data are: UTM coordinates 
(rare); quarter-quarter section designations; total depths; 
or ground, Kelly bushing, or derrick floor elevations. Ad-
ditional time to search for and fill in such missing data was 
deemed unfeasible.

· Some salt cycles are thickened or repeated by flowage, 
folding, or faulting, and the spreadsheet does not ade-
quately capture where salt thicknesses are anomalous, as 
this was outside the scope of the project.

· Many salt cycles were found to have anhydrite layers 
either directly above, directly below, or both above and 
below the main halite bed of a particular salt cycle. This is 
especially apparent for cycles 2 through 4, 11 and 12, and 
for several salt cycles below the Cane Creek Marker Bed. 
Some previous workers include these anhydrite layers 
with the halite and reference the anhydrite’s top (or base) 
as the top (or base) of a salt cycle. This study’s spreadsheet 
only uses the salt as the beginning and end of a cycle.

· Correlations of salt cycles below the Cane Creek Marker 
Bed are difficult and may be unreliable.

· Some comments for data cells in the spreadsheet do not 
display fully when “mousing” or “cursoring” over them. 
The authors are not sure of the cause, and do not know of 
a “universal” fix for viewing all such comments.

RECOMMENDATIONS

· Approximately 25 oil and gas wells identified within UGS 
in-house databases for San Juan County could not be com-
pleted during this study. Data from wireline logs for these 
25 wells could be compiled and incorporated into the proj-
ect spreadsheet in the future.

· The DOGM well database for this study was downloaded 
on July 8, 2010. There are no doubt additional oil and gas 
wells drilled in the Paradox Basin since then. Data from 
these newer wells could be compiled and incorporated 
into the well data spreadsheet.

· There are dozens of additional oil and gas wells in Grand 
and San Juan Counties that could be incorporated into the 
well data spreadsheet. Consultation with UGS staff could 

Table 3. Drill data categories used in this study.

Oil & Gas wells
Potash Exploration 

holes

County
Spread-

sheet
Printed 

logs
Spread-

sheet
Printed 

logs

Emery 17 15 0 0
Grand 184 88 56 0

San Juan 403 71 51 0
Wayne 2 0 0 0

Totals 606 174 107 0
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develop a list of additional wells to study and add.

· Searches could be made via private data vendors for se-
lect wells not in the DOGM database. For important wells 
without adequate DOGM coverage, purchase of a small 
number of significant logs could be warranted.

· Consideration should be given to evaluating well logs in 
Colorado adjacent to the Utah border to aid in correlation 
and future contouring efforts. Strategically located wells 
within a buffer of 3 to 6 miles could be considered for in-
corporation into the well data spreadsheet.

· A multitude of interpreted maps can be generated from 
the data within the database spreadsheet. A few maps to 
consider might be:

> isopach map of the entire Paradox Formation salt 
package

> isopach maps of individual salt cycles
> isopach maps of interburden intervals between indi-

vidual salt cycles
> structure contour map on the top of the uppermost 

Paradox Formation salt cycle
> structure contour maps on the tops (or bases) of in-

dividual salt cycles
> overburden map to the top of the uppermost Paradox 

Formation salt
> overburden maps on the tops (or bases) of individual 

salt cycles

· With an appropriate cross-section generating program, 
a few stratigraphic and/or structural cross sections could 
be prepared depicting key parts of the Paradox Basin.

· Additional study of the wells in the current database 
to identify the location and thickness of potash beds on 
the well wireline logs is warranted. Estimates of potash 
bed grade could be made with reference to a log’s natu-
ral gamma ray deflections and the log’s scaling. If enough 
wells with both potash core chemical analyses and gamma 
ray wireline logs can be located and studied in the Paradox 
Basin, a basin-specific correlation or cross plot might be 
possible of gamma ray log response versus K2O content.

ACKNOWLEDGMENTS

Initial lists of candidate oil and gas wells and the general 
spreadsheet format were obtained from Utah Geological 
Survey (UGS) files of David Tabet and Craig Morgan. Digital 
wireline logs for this study were obtained predominantly 
from the Utah Division of Oil, Gas, and Mining (DOGM). 
Our present study benefited greatly from previous work 
or permission to use interpretations of salt cycles from 
logs from Robert Hite, Terry Britt, Paul Anderson, and Tom 
Faddies.    

REFERENCES

Anderson, P.B., 2008, Potash and oil and gas development 
—potential conflicts and solutions, northern Paradox 
Basin, Utah: unpublished report prepared for The 
Utah School and Institutional Trust Lands Administra-
tion, variously paginated.

Baars, D.L., and Stevenson, G.M., 1981, Tectonic evolution 
of the Paradox basin, Utah and Colorado, in Wiegand, 
D.L., editor, Geology of the Paradox Basin: Denver, 
Rocky Mountain Association of Geologists—1981 
Field Conference, p. 23–32.

Behre Dolbear & Co., 1962, Lisbon Valley potash project 
report by Behre Dolbear & Co. for Superior Oil Co.: 
Unpublished report for the Anaconda Company. [copy 
obtained from Anaconda Collection, American Heri-
tage Center, University of Wyoming; Anaconda Collec-
tion, AC1962, #60902, 110pg].

Britt, T.L., 1977, Geologic report on the Robert’s potash 
property, Grand County, Utah: unpublished report for 
the Anaconda Company [copy obtained from Anacon-
da Collection, American Heritage Center, University of 
Wyoming].

BPB Instruments Ltd., 1981, Coal interpretation manual, 
100 p.

Confederation Minerals, 2011, Report on the potash po-
tential of the Green River potash project area, Grand 
County, Utah, prepared for American Potash LLC by 
Gordon J. Allen, August 15, 2009: online, www.confed-
erationmineralsltd.com, accessed March 2011.

Daniels, J.J., Hite, R.J., and Scott, J.H., 1980, Geophysical 
well log measurements in three drill holes at Salt 
Valley, Utah: U.S. Geological Survey Open-File Report 
81–36, 65 p.

Doelling, H.H., 2001, Geologic map of the Moab and east-
ern part of the San Rafael Desert 30' x 60' quadrangles, 
Grand and Emery Counties, Utah, and Mesa County, 
Colorado: Utah Geological Survey Map 180, scale 
1:100,000.

Doelling, H.H., 2004, Geologic map of the LaSal 30’ x 60’ 
quadrangle, San Juan, Wayne, and Garfield Counties, 
Utah, and Montrose and San Miguel Counties, Colora-
do: Utah Geological Survey Map 205, scale 1:100,000.

Elston, D.P., and Shoemaker, E.M., 1961, Preliminary struc-
ture contour map on top of salt in the Paradox Mem-
ber of the Hermosa Formation in the salt anticline 
region, Colorado and Utah: U.S. Geological Survey Oil 
and Gas Investigations Map OM-209, scale 1:250,000.

Hintze, L.F., 2005, Utah's spectacular geology—how it 
came to be: Provo, Brigham Young University Press, 
203 p.

Hintze, L.F., and Kowallis, B.J., 2009, Geologic history of 
Utah: Provo, Brigham Young University Special Pub-
lication 9, 224 p.



Well database of salt cycles of the Paradox Basin, Utah 9

Hite, R.J., 1960, The stratigraphy of the saline facies of the 
Paradox Member of the Hermosa Formation of south-
eastern Utah and southwestern Colorado: U.S. Geolog-
ical Survey Open-File Report 60–70, 15 p.

Hite, R.J., 1973, Shelf carbonate sedimentation controlled 
by salinity in the Paradox Basin, southeast Utah, with 
comment, in Marine evaporites, origin, diagenesis, and 
geochemistry: Stroudsburg, Penn., Dowden, Hitchin-
son, and Ross, p. 147–165.

Hite, R.J., 1976, A potential target for potash solution min-
ing in cycle 13, Paradox Member, near Moab, Utah: U.S. 
Geological Survey Open-File Report 76–755, 5 p.

Hite, R.J., 1977, Subsurface geology of a potential waste 
emplacement site, Salt Valley anticline, Grand County, 
Utah: U.S. Geological Survey Open-File Report 77–761, 
26 p.

Hite, R.J., 1978a, A potential target for potash solution 
mining in cycle 18, Paradox Member of the Hermosa 
Formation, San Juan County, Utah and Dolores and 
Montezuma Counties, Colorado: U.S. Geological Sur-
vey Open-File Report 78–147, 3 p.

Hite, R.J., 1982, Potash deposits in the Gibson dome area, 
southeast Utah: U.S. Geological Survey Open-File Re-
port 82–1067, 8 p.

Hite, R.J., and Buckner, D.H., 1981, Stratigraphic correla-
tions, facies concepts, and cyclicity in Pennsylvanian 
rocks of the Paradox Basin, in Wiegand, D.L., editor, 
Geology of the Paradox Basin: Denver, Rocky Moun-
tain Association of Geologists 3rd Annual Field Con-
ference and Guidebook, p. 147–160.

Hite, R.J., and Cater, F.W., 1972, Pennsylvanian rocks and 
salt anticlines, Paradox basin, Utah and Colorado, in 
Mallory, W.W., editor-in-chief, Geologic Atlas of the 
Rocky Mountain region: Rocky Mountain Association 
of Geologists, p. 133–138.

Hite, R.J., and Lohman, S.W., 1973, Geologic appraisal of 
Paradox Basin salt deposits for waste emplacement: 
U.S. Geological Survey Open-File Report 73–114, 75 p.

Morgan, C.D., 1992, Cane Creek exploration play area, 
Emery, Grand, and San Juan Counties, Utah: Utah Geo-
logical Survey Open-File Report 232, 15 p.

Morgan, C.D., Yonkee, W.A., and Tripp, B.T., 1991, Geologi-
cal considerations for oil and gas drilling on state pot-
ash leases at Cane Creek anticline, Grand and San Juan 
Counties, Utah: Utah Geological Survey Circular 84, 24 
p.

Nelson, P.H., 2007, Evaluation of potash grades with gam-
ma-ray logs: U.S. Geological Survey Open-File Report 
2007–1292, 14 p.

Norman, R.R., 1966, Geologic report concerning the South 
Salt Wash area, Grand and Emery Counties, Utah: un-
published report to the Anaconda Company [copy ob-
tained from Anaconda Collection, American Heritage 
Center, University of Wyoming].

Pitts, G.E., 1961, The carnallite deposits of the Seven Mile 
monocline, Grand County, Utah: Unpublished report 
to the Anaconda Company [copy obtained from Ana-
conda Collection, American Heritage Center, Univer-
sity of Wyoming].

Raup, O.B., and Hite, R.J., 1991a, Preliminary lithologic and 
mineralogical data from the Delhi-Taylor Oil Company, 
Cane Creek No. 1 core hole, Grand County, Utah: U.S. 
Geological Survey Open-File Report 91–324, 24 p.

Raup, O.B., and Hite, R.J., 1991b, Preliminary stratigraphic 
and lithologic data from the Delhi-Taylor Oil Company, 
Shafer No. 1 core hole, San Juan County, Utah: U.S. Geo-
logical Survey Open-File Report 91–373, 34 p.

Raup, O.B., and Hite, R.J., 1992, Lithology of evaporate 
cycles and cycle boundaries in the upper part of the 
Paradox Formation of the Hermosa Group of Pennsyl-
vanian age in the Paradox Basin, Utah and Colorado: 
U.S. Geological Survey Bulletin 2000-B, 37 p.

Raup, O.B., and Hite, R.J., 1996, Bromine geochemistry of 
chloride rocks of the Middle Pennsylvanian Paradox 
Formation of the Hermosa Group, Paradox Basin, Utah 
and Colorado: U.S. Geological Survey Bulletin 2000-M, 
117 p.

Ritzma, H.R., and Doelling, H.H., 1969, Mineral resources, 
San Juan County, Utah, and adjacent areas, part 1—
petroleum, potash, groundwater, and miscellaneous 
minerals: Utah Geological and Mineralogical Survey 
Special Studies 24, p. 17–32.

Woodward-Clyde Consultants, 1979, Completion report 
for a three-hole drilling and testing program, Salt Val-
ley anticline, Grand County, Utah: Contract Report by 
Woodward-Clyde Consultants for the Battelle Memo-
rial Institute, Office of Nuclear Waste Isolation, ONWI-
35, 5 vol.

ADDITIONAL REFERENCES

Ackermann, H.D., 1979, Seismic-refraction survey to the 
top of salt in the north end of the Salt Valley anticline, 
Grand County, Utah: U.S. Geological Survey Open-File 
Report 79-1212, 31 p.

Agapito Associates, Inc., 2008, Paradox Basin potash proj-
ect report for Transit Holdings Ltd.: unpublished draft 
report to Transit Holdings Ltd., December 24, 2008, 
25 p.

Anonymous, 1961, Graphic core log of the San Jacinto Pe-
troleum Corporation’s Salt Valley #3 well: Utah Geo-
logical Survey unpublished file data, 71 p.

Baker, A.A., 1933, Geology and oil possibilities of the Moab 
district, Grand and San Juan County, Utah: U.S. Geolog-
ical Survey Bulletin 841, 95 p.

Baltz, E.H., 1957, Distribution and thickness of salt in the 
Paradox basin in southwestern Colorado and south-



Utah Geological Survey10

eastern Utah, a preliminary report: U.S. Geological 
Survey Trace Element Inventory 706, 42 p.

Bankey, V., Grauch, V.J.S., and Kucks, R.P., 1998, Utah aero-
magnetic and gravity maps and data - a website for 
distribution of data (on-line version): Online, pubs.
usgs.gov/of/1998/ofr-98-0761/, accessed April 16, 
2009.

Brown, A.L., 2002, Outcrop to subsurface stratigraphy of 
the Pennsylvanian Hermosa Group, southern Paradox 
Basin, U.S.A.: Baton Rouge, Louisiana State University 
Ph.D. Dissertation, 181 p.

Byerly, P.E., and Joesting, H.R., 1959, Regional geophysi-
cal investigations of the Lisbon Valley area, Utah and 
Colorado: U.S. Geological Survey Professional Paper 
316-C, 50 p.

Case, J.E., and Joestings, H.R., 1972, Regional geophysical 
investigations in the central Colorado Plateau: U.S. 
Geological Survey Professional Paper 736, 31 p.

Chidsey, T.A., Jr., 2004, Major oil plays in Utah and vicinity 
(PUMP 8), quarterly technical progress report, report-
ing period-start date: April 1, 2004. end date: June 
30, 2004; Fractured Shale – Paradox: Online, http://
geology.utah.gov/emp/pump/pdf/pumprpt8.pdf, ac-
cessed December 2008.

Chidsey, T.A., Jr., 2005, Major oil plays in Utah and vicin-
ity (PUMP 11), quarterly technical progress report, 
reporting period-start date: January 1, 2005, end 
date: March 31, 2005; Fractured Shale – Paradox: On-
line, http://geology.utah.gov/emp/pump/pdf/pum-
prpt11.pdf, accessed December 2008.

Condon, S.M., 1995, Geology of pre-Pennsylvanian rocks 
in the Paradox Basin and adjacent areas, southeastern 
Utah and southwestern Colorado: U.S. Geological Sur-
vey Bulletin 2000-G, 46 p [contains structure contour 
map on top of the Precambrian and on the Miss. Lead-
ville Ls.]

Dames and Moore, Inc., 1978, Inventory and market anal-
ysis of the potash resources of the Paradox Basin of 
Utah: unpublished report by Dames and Moore for the 
U.S. Bureau of Land Management, 61 p.

Dane, C.H., 1935, Geology of the Salt Valley anticline and 
adjacent areas, Grand County, Utah: U.S. Geological 
Survey Bulletin 863, 179 p.

Daniels, J.J., 1984, Hole-to-hole resistivity measurements 
at Gibson Dome (drill hole GD-1) Paradox Basin, Utah: 
U.S. Geological Survey Open-File Report 82-320, 27 p.

Daniels, J.J., Scott, J.H., and Hite, R.J., 1979, Analysis of bore-
hole geophysical data in an evaporite sequence at Salt 
Valley, Utah: U.S. Geological Survey Open-File Report 
80-525, 19 p. [also in Society of Professional Well Log 
Analysts 20th Annual Logging Symposium, June 3–6, 
1979, Transactions, 19 p.]

De Cicco, D.A., Pera, E.M., Allen, E.G., and Lutz, G.A., 1977, 
Leasable mineral and waterpower land classification 

map of the Moab quadrangle, Utah, Colorado: U.S. 
Geological Survey Open-File Report 77-612, scale 
1:250,000.

Doelling, H.H., 1981, Stratigraphic investigations of Para-
dox Basin structures as a means of determining the 
rates and geologic age of salt-induced deformation—a 
preliminary study: Utah Geological and Mineral Sur-
vey Open-File Report 29, 88 p.

Doelling, H.H., 1982, Geological studies of the Salt Valley 
anticline—progress report: Utah Geological and Min-
eral Survey Open-File Report 30, 24 p.

Dyer, B.W., 1945, Discoveries of potash in eastern Utah: 
American Institute of Mining Engineers, Mining Tech-
nology, v. IX, 6 p.

Edwards, J.M., Ottinger, N.H., and Haskell, R.E., 1967, Nu-
clear log evaluation of potash deposits, in SPWLA 8th 
annual logging symposium: Denver, Transactions of 
the Society of Petrophysicsts and Well Log Analysts 
Paper 1967L, p. L1–L12. 

Evans, R., and Linn, K.O., 1970, Fold relationships within 
evaporites of the Cane Creek anticline, Utah, in Rau, 
L.L., and Dellwig, L.F., editors, Symposium on salt, 3rd: 
North Ohio Geological Society, v. 1, p. 286–297.

Friedman, J.D., Case, J.E., and Simpson, S.L., 1994, Tecton-
ic trends of the northern part of the Paradox Basin, 
southeastern Utah and southwestern Colorado, as 
derived from Landsat multispectral scanner imaging 
and geophysical and geologic mapping: U.S. Geological 
Survey Bulletin 2000-C, 28 p.

Grant, T.A., 1984, Investigation of potential alternate study 
areas in the Paradox Basin region, Utah: Contract Re-
port by Woodward-Clyde Consultants for the Battelle 
Memorial Institute, Office of Nuclear Waste Isolation, 
ONWI-482, 66 p.

Gwynn, J.W., and Boden, T., 2006, Industrial mineral, 
metal, and geothermal potential of the Crescent Junc-
tion tract, Grand County, Utah: unpublished contract 
report done by Utah Geological Survey for the Utah 
School and Institutional Trust Lands Administration, 
variously paginated. [Appendix D contains a lithologic 
log of the San Jacinto Petroleum Corp. – Salt Valley #3 
well, section 25, R.22S., R.19 E., SLBM]

Hewitt, W.P., 1970, Potential potash evaluation of the 
Seven Mile anticline area, northwest of Moab and the 
Monte Cristo area southeast of Moab: Letter from W.P. 
Hewitt, director of the Utah Geological and Mineral-
ogical Survey to Donald G. Prince, Director, Division of 
State Lands on January 14, 1970, 5 p.

Hildenbrand, T.G., and Kucks, R.P., 1983, Regional magnetic 
and gravity features of the Gibson dome area and sur-
rounding region, Paradox Basin, Utah—a preliminary 
report: U. S. Geological Survey Open-File Report 83-
359, 34 p.

Hite, R.J., 1960a, Stratigraphy of the saline facies of the 
Paradox Member of the Hermosa Formation of south-



Well database of salt cycles of the Paradox Basin, Utah 11

eastern Utah and southwestern Colorado, in Smith, 
K.G., editor, Geology of the Paradox Basin fold and 
fault belt: Durango, Colorado, Four Corners Geological 
Society 3rd Annual Field Conference and Guidebook, 
p. 86–89.

Hite, R.J., 1960b, Correlation diagram of the “Saline Fa-
cies” of the Paradox Member of the Hermosa Forma-
tion of southeastern Utah and southwestern Colorado, 
in Smith, K.G., editor, Geology of the Paradox Basin 
fold and fault belt: Durango, Colorado, Four Corners 
Geological Society 3rd Annual Field Conference and 
Guidebook, p. 86–89.

Hite, R.J., 1961, Potash-bearing evaporite cycles in the salt 
anticlines of the Paradox Basin, Colorado and Utah, in 
Short papers in geologic and hydrologic sciences: U.S. 
Geological Survey Professional Paper 424-D, p. D135-
D138.

Hite, R.J., 1963, Problems of joint development of potash 
and oil and gas in the Paradox Basin, in Crawford, A.L., 
Oil and gas possibilities of Utah, re-evaluated: Utah 
Geological and Mineralogical Survey Bulletin 54, p. 
519–526.

Hite, R.J., 1967, Distribution and geologic habitat of marine 
halite and associated potash deposits: U.S. Geological 
Survey Open-File Report 67–113, 35 p.

Hite, R.J., 1968, Salt deposits of the Paradox Basin, south-
east Utah and southwest Colorado, in Mattox, R.B., 
editor, Saline deposits: Geological Society of America 
Special Paper 88, p. 319–330.

Hite, R.H., 1969, Salines, in Hilpert, L., editor, Mineral and 
water resources of Utah: Utah Geological and Mineral 
Survey Bulletin 73, p. 206–215.

Hite, R.J., 1970, Shelf carbonate sedimentation controlled 
by salinity in the Paradox basin, southeast Utah, in 
Rau, L.L., and Dellwig, L.F., editors, Cleveland, North-
ern Ohio Geological Society Third Symposium on Salt, 
vol. 1, p. 48-66.

Hite, R.J., 1972, Shelf carbonate sedimentation controlled 
by salinity in the Paradox Basin, southeast Utah, in En-
vironments of sandstone, carbonate and evaporite de-
position: Mountain Geologist, v. 9, no. 2-3, p. 329–344.

Hite, R.J., 1975, An unusual northeast-trending fracture 
zone and its relations to basement wrench faulting in 
northern Paradox Basin, Utah and Colorado, in Fassett, 
J.E., and Wengerd, S.A., editors, Canyonlands Country: 
Durango, Colorado, Four Corners Geological Society 
8th Annual Field Conference, p. 217–224.

Hite, R.J., 1978b, Geology of the Lisbon Valley potash de-
posits, San Juan County, Utah: U.S. Geological Survey 
Open-File Report 78-148, 21 p.

Hite, R.J., 1983, Preliminary mineralogical and geochemi-
cal data from the D.O.E. Gibson Dome core hole no. 1, 
San Juan County, Utah: U.S. Geological Survey Open-
File Report 83-780, 57 p. [contains elevation data for 

salt cycles in the D.O.E. Gibson Dome No. 1 Core hole, 
section 21, T.30S., R.21E., SLBM].

Hite, R.J., and Gere, W.C., 1958, Potash deposits of the Para-
dox Basin, in Sanborn, A.F., editor, Guidebook to the 
geology of the Paradox Basin: Intermountain Associa-
tion of Petroleum Geologists 9th Annual Field Confer-
ence, p. 221–225.

Hite, R.J., Raup, O.B., Peterson, J.A., and Molenaar, C.M., 
1972, Carbonate and evaporite facies of the Paradox 
Basin, in Environments of sandstone, carbonate and 
evaporite deposition: Mountain Geologist, v. 9, no. 2-3, 
p. 299–328.

Hodges, P.A., and Banfield, A.F., 1962, Potash resources of 
Lisbon Valley, San Juan County, Utah: Behre Dolbear & 
Company Report to Superior Oil Company [copy ob-
tained from Anaconda Collection, American Heritage 
Center, University of Wyoming].

Huber, G.C., 1981, Geology of the Lisbon Valley uranium 
district, southeastern Utah, in Epis, R.C., and Callen-
ders, J.F., editors, Western slope Colorado and eastern 
Utah: New Mexico Geological Society 32nd Field Con-
ference, p. 177–182.

Huffman, A.C., Jr., and Condon, S.M., 1993, Stratigraphy, 
structure, and paleogeography of Pennsylvanian and 
Permian rocks, San Juan Basin and adjacent areas, 
Utah, Colorado, Arizona, and New Mexico: U.S. Geo-
logical Survey Bulletin 1808-O, 44 p.

Jackson, D., Jr., 1973, Solution mining pumps new life into 
Cane Creek potash mine: Engineering and Mining 
Journal, v. 174, no. 7, p. 59–69.

Joestings, H.R., and Case, J.E., 1962, Regional geophysical 
studies in Salt Valley-Cisco area, Utah and Colorado: 
Bulletin of the American Association of Petroleum Ge-
ologists, v. 46, no. 10, p. 1879–1889.

Jones, C.L., Bowles, C.G., and Bell, K.G., 1960, Experimental 
drill hole logging in potash deposits of the Carlsbad 
district, New Mexico: U.S. Geological Survey Open-File 
Report 60-84, 61 p.

Kelley, V.C., 1958, Tectonics of the region of Paradox Basin, 
in Sanborn, A.F., editor, Guidebook to the geology of 
the Paradox Basin: Intermountain Association of Pe-
troleum Geologists 9th Annual Field Conference and 
Guidebook, p. 31–38.

Ketner, K.B., Cathcart, J.B., Hite, R.J., Vine, J.D., and Wolf-
bauer, C.A., 1977, Resource investigations of selected 
industrial minerals in the U.S.: U.S. Geological Survey 
Open-File Report 77-719, 60 p.

Kitcho, C.A., 1981, Characteristics of surface faults in the 
Paradox Basin, in Wiegand, D.L., editor, Geology of the 
Paradox Basin: Denver, Rocky Mountain Association 
of Geologists – 1981 Field Conference, p. 1–22.

Kitcho, C.A., 1987, Evaluation of seismic reflection data 
in the Davis and Lavender Canyons study area, Para-
dox Basin, Utah: Contract Report by Woodward-Clyde 



Utah Geological Survey12

Consultants for the Battelle Memorial Institute, Office 
of Nuclear Waste Isolation, ONWI-606, 51 p.

Kohler, J.F., 2009, Determination whether prospecting is 
necessary—potash prospecting permit applications, 
UTU-086426 to UTU-086431, UTU-086568 to UTU-
086602, San Juan County, Utah (T. 28-30 S., R. 20-23 
E.): U.S. Bureau of Land Management Mineral Report 
Form 3060-1, May 12, 2009, 39 p.

Lekas, M.A., and Dahl, M.H., 1956, The geology and ura-
nium deposits of the Lisbon Valley anticline, San Juan 
County, Utah, in Thune, H.W., Alexander, R.G., Snyder, 
C.T., and Wells, L.F., editors, Cedar City to Las Vegas: 
Intermountain Association of Petroleum Geologists 
Guidebook 7th Annual field Conference, p. 161–168.

Lewis, R.W., 1965, Potassium, in Mineral facts and prob-
lems: U.S. Bureau of Mines Bulletin 630, p. 721–731 
[contains potash resource calculations for the Para-
dox Basin and other deposits].

Lindberg, M.L.L., 1946, Occurrence of bromine in carnall-
ite and sylvite from Utah and New Mexico: American 
Mineralogist 31, p. 486–494, [also Washington Acad-
emy Science Journal 30, p. 136.]

Mansfield, G.R., 1932, Last three government tests find 
potash--Summary of government core tests (New 
Mexico and Utah): U.S. Geological Survey, Press Memo 
no. 62309, May 9, 1932.

Mansfield, G.R., 1942, American potash reserves: Indus-
trial & Engineering Chemistry 34, p. 1417–1421.

McCleary, J.A., Rogers, T., and Ely, R., 1983, Stratigraphy, 
structure, and lithofacies relationships of Devonian 
through Permian sedimentary rocks, Paradox Basin 
and adjacent areas, southeastern Utah: Contract Re-
port by Woodward-Clyde Consultants for the Battelle 
Memorial Institute, Office of Nuclear Waste Isolation, 
ONWI-485, 148 p.

McCleary, J.A., and Romie, S.E., 1986, Stratigraphic and 
structural configuration of the Navajo (Jurassic) 
through Ouray (Mississippian-Devonian) Formations 
in the vicinity of Davis and Lavender Canyons, south-
eastern Utah: Contract Report by Woodward-Clyde 
Consultants for the Battelle Memorial Institute, Office 
of Nuclear Waste Isolation, ONWI-594, 187 p.

Meritt, P.C., 1966, Potash: Mining Engineering, v. 18, no. 10, 
p. 100-114.

Molenaar, C.M., Baars, D.L., and Campbell, J.A., 1979, First 
day, Moab, Utah eastward to Onion Creek, Castle Val-
ley, and westward to Dead Horse Point, Shafer Trail, 
Shafer Dome, Cane Creek Anticline, and return to 
Moab, in Baars, D.L., editor, Permianland: Durango, 
Colorado, Four Corners Geological Society 9th Field 
Conference and Guidebook.

Neff, A.W., 1960, Comparisons between the salt anticlines 
of south Persia and those of the Paradox Basin, in 
Smith, K.G., editor, Geology of the Paradox Basin fold 

and fault belt: Durango, Colorado, Four Corners Geo-
logical Society 3rd Field Conference, p. 56–64.

Norman, R.R., 1970, Potash investigations—a geologic re-
port on the Ten Mile area, Grand County, Utah: unpub-
lished Company Report Prepared by Buttes Oil and 
Gas Company, 44 p.

Norman, R.R., 1987, Possible nuclear storage at the Ten 
Mile potash area: unpublished report from Buttes Re-
sources to the U.S. Department of Energy.

Nuccio, V.F., and Condon, S.M., 1996, Burial and thermal 
history of the Paradox Basin, Utah and Colorado, and 
petroleum potential of the Middle Pennsylvanian Par-
adox Formation: U.S. Geological Survey Bulletin 2000-
O, 39 p.

Nurmi, R.D., 1978, Use of well logs in evaporite sequences: 
Society of Economic Paleontologists and Mineralo-
gists Short Course 4, Transactions, 95 p.

O’Sullivan, R.B., 1996, Structure contour map of the Para-
dox Basin area, Colorado, Utah, New Mexico, and Ari-
zona: U.S. Geological Survey Miscellaneous Field In-
vestigations MF-2322, scale 1:500,000 [structures on 
base of Cretaceous Dakota Sandstone or equivalent].

Parker, J.M., 1981, Lisbon field area, San Juan County, Utah, 
in Wiegand, D.L., editor, Geology of the Paradox basin: 
Rocky Mountain Association of Geologists 1981 Field 
Conference, p. 89–100.

Peterson, J.A., and Hite, R.J., 1969, Pennsylvanian evapo-
rite-carbonate cycles and their relation to petroleum 
occurrence, southern Rocky Mountains: American As-
sociation of Petroleum Geologists Bulletin, v. 53, no. 4, 
p. 884–908.

Phillips, M., 1975, Cane Creek mine solution mining proj-
ect Moab potash operations, Texasgulf Inc., in Fassett, 
J.E., and Wengerd, S.A., editors, Canyonland Country: 
Durango, Colorado, Four Corners Geological Society 
8th Annual Field Conference and Guidebook, p. 1089–
1091.

Pitts, G.E., 1956, Crescent Valley potash report: Unpub-
lished report to the Anaconda Company. [copy ob-
tained from Anaconda Collection, American Heritage 
Center, University of Wyoming].

Raup, O.B., Gude, A.J. 3rd, and Groves, H.L., Jr., 1967, Rare-
earth mineral occurrence in marine evaporites, Para-
dox Basin, Utah, in Geological Survey research: U.S. 
Geological Survey Professional Paper 575-C, p. C38-
C41.

Raup, O.B., Gude, A.J. 3rd, Dwornik, E.J., Cuttitta, F., and 
Rose, H.J., Jr., 1968, Braitschite, a new hydrous calcium 
rare-earth borate mineral from the Paradox Basin, 
Grand County, Utah: The American Mineralogist, v. 53, 
p. 1081–1095.

Raup, O.B., Hite, R.J., and Groves, H.L., Jr., 1970, Bromine 
distribution and paleosalinities from well cuttings, 
Paradox Basin, Utah and Colorado, in Rau, L.L., and 



Well database of salt cycles of the Paradox Basin, Utah 13

Dellwig, L.F., editors, A symposium on salt, 3rd: North 
Ohio Geological Society, v. 1, p. 40–48.

Richfield Oil Corporation, 1962, Lockhart Dome area, San 
Juan Co., Utah potash project: unpublished Richfield 
Oil Company Report, variously paginated. [copy ob-
tained from Anaconda Collection, American Heritage 
Center, University of Wyoming].

Sanborn, A.F., editor, 1958, Geology of the Paradox Basin: 
Intermountain Association of Petroleum Geologists 
Guidebook 9th Annual Field Conference and Guide-
book, 308 p.

Severy, C.L., Kline, M.H., and Allsman, P.T., 1949, Investiga-
tions of the Thompson magnesium well, Grand County, 
Utah: U.S. Bureau of Land Management RI-4496, 21 p.

Swinney, C.M., 1962, Cane Creek area potash project: un-
published Anaconda Copper Company Inter-Office 
Communication to M.L. Natland, March 16, 1962, vari-
ously paginated.

Thackston, J.W., Preslo, L.M., Hoexter, D.E., and Donnelly, 
N., 1984, Results of hydraulic tests at Gibson Dome 
No. 1, Elk Ridge No. 1, and E.J. Kubat boreholes, Para-
dox Basin, Utah: Contract Report by Woodward-Clyde 
Consultants for the Battelle Memorial Institute, Office 
of Nuclear Waste Isolation, ONWI-491, 99 p.

Tixier, M.P., and Alger, R.P., 1970, Log evaluation of non-
metallic mineral deposits: Geophysics, v. 35, no. 1, p. 
124–142.

Trimble, R.B., 1962, Lockhart dome area, San Juan County, 
Utah, potash prospect: unpublished report for Ana-
conda Company, variously paginated. [copy obtained 
from Anaconda Collection, American Heritage Center, 
University of Wyoming].

Trudgill, B.D., and Arbuckle, W.C., 2009, Reservoir char-
acterization of clastic cycle sequences in the Paradox 
Formation of the Hermosa Group, Paradox Basin, 
Utah: Utah Geological Survey Open-File Report 543, 
145 p.

Utah Division of Oil, Gas, and Mining, 2010, LiveData search 
– online oil and gas information system, Utah Division 
of Oil, Gas, and Mining (DOGM): Online, http://oilgas.
ogm.utah.gov/Data_center/LiveData_Search/main_
menu.htm, initially accessed July 2010.

Utah Automated Geographical Reference Center, 2010, 
GIS Data & Resources, Utah Automated Geographical 
Reference Center (AGRC): Online, http://gis.utah.gov/
gisresources, initially accessed July 2010.

Van Alstine, P.A., 1969, Monte Cristo potash test, June 12th 
letter to R.W. Mashaw with attachments: Texas Gulf 
Sulphur Company Internal Correspondence, miscel-

laneous pagination.

Watts, R.D., 1982, Interpretation of Schlumberger DC re-
sistivity data from Gibson dome—Lockhart basin 
study area, San Juan County, Utah: U.S. Geological Sur-
vey Open-File Report 82-704, 13 p.

Weir, G.W., Puffett, W.P., and Dodson, C.L., 1961, Prelimi-
nary geologic map and section of the Mount Peale 
4 NW [Lisbon Valley] quadrangle, San Juan County, 
Utah: U.S. Geological Survey Mineral Investigations 
Field Studies Map MF-151, scale 1:24,000.

Welsh, J.E., 1963, Paradox Basin salt disconformities (and 
their relationship to oil production), in Crawford, A.A., 
editor, Oil and gas possibilities of Utah, re-evaluated: 
Utah Geological and Mineralogical Survey Bulletin 54, 
p. 487–494.

Williams, P.L., 1964, Geology, structure, and uranium de-
posits of the Moab quadrangle, Colorado and Utah: U. 
S. Geological Survey Misc. Geol. Inv. Map I-360.

Williams-Stroud, S., 1994, The evolution of an inland sea of 
marine origin to a non-marine saline lake, the Penn-
sylvanian Paradox Salt, in Sedimentology and geo-
chemistry of modern and ancient saline lakes: Society 
of Economic Paleontologists and Mineralogists (Soci-
ety for Sedimentary Geology) Special Publication No. 
50, p. 293–306.

Woodward-Clyde Consultants, 1982a, Geologic charac-
terization report for the Paradox basin study region 
—Utah study areas, vol. IV, Lisbon Valley: Contract re-
port by Woodward-Clyde Consultants for the Battelle 
Memorial Institute, Office of Nuclear Waste Isolation, 
ONWI-290, 6 vol.

Woodward-Clyde Consultants, 1982b, Gibson Dome No. 
1 borehole, Gibson Dome study area of the Paradox 
Basin region, San Juan County, Utah: Contract Report 
by Woodward-Clyde Consultants for the Battelle Me-
morial Institute, Office of Nuclear Waste Isolation, 
ONWI-338, 6 vol.

Woodward-Clyde Consultants, 1982c, Completion report 
for the Elk Ridge No. 1 borehole, Elk Ridge Study area 
of the Paradox Basin region, San Juan County, Utah: 
Contract Report by Woodward-Clyde Consultants 
for the Battelle Memorial Institute, Office of Nuclear 
Waste Isolation, ONWI-401, 3 vol.

Woodward-Clyde Consultants, 1982d, E.J. Kubat borehole 
– Elk Ridge study area of the Paradox Basin region, 
San Juan County, Utah: Contract Report by Woodward-
Clyde Consultants for the Battelle Memorial Institute, 
Office of Nuclear Waste Isolation, ONWI-403, 393 p.



1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1

1 1 1 1 1 1 1 1
1 1 1 1 1

1 1

1 1 1 1 1 1 1 1 1 1 1 1

11 1 1

1 1 1 1 1 1 1 1 1 1 1 1

11 1 1

1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1

1 1 1 1 1 1 1
1 1 1

1 1 1 1 1 1

1 1 1 1 1
1 1

1 1 1

1 1 1 1 1 1

1 1
1 1 1

1

1 11 1 1 1 1 1 1 1

1 1 11 11 1 11 11 1 1 1 1 1

1 1 1 111 1 1 11 1 11 1 1
11

1 1 1 111 11 11 1 11 11 1
1

1 1 11 1 1 11 1 11 11 1 1 1

1 1 11 1 11 1 111 1 1 1 1 1

1 11 1 11 1 11 1 111 1 1 1

1 11 1 111 11 111 1 1 1 1

111 1 1 11 11 1 1 11 1 1 1

1 11 1 1 1 11 1 1 1 11 1 1 1

1 1 1
1 1 1 11 1 1 1 1 1 1 1 1

1
1 11 1 1 11 11 1 1 1 1 1 1

1 1 11 1 1 11 11 1 1
1 1 1 1

1 1 1 1 1 1 11 11 1 1 1 1 1 1

1 11 11 1 111 1 11 11 1 1

1 1 11 1 1 1 1 11 1 11 1 1 1

2 2 2 2 2 2 2 2 2 2 2
2 2 2 2 2

2 2 2 2 2 2 2 2 2 2 2
2 2 2 2 2

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

2 2 2 2 2 2 2 2 2 2 2 2 2 2

2 2

2 2 2 2 2 2 2 2 2 2 2 2 2 2

2 2

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

2 2

2 2 2 2 2 2 2 2 2 2 2 2

22 2 2

2 2 2 2 2 2 2 2 2 2 2 2

22 2 2

2 2 2 2 2 2 2 2 22 2 2 2

2 2 2 2

2 2 2 2 2 2 2
2 2 2

2 2 2 2 2 2

2 2 2 2 2
2 2

2 2 2

2 2 2 2 2 2

2 2
2 2 2

2

2 22 2 2 2 2 2 2

2 2 22 2 2 22 22 2 2 2 2 2

2 2 2 22 2 2 22 2 22 2 2 2
2

2 2 22 2 22 2 222 22 2 2
2

2 2 222 2 22 2 22 22 2 2 2

2 2 22 2 22 22 22 2 2 2 2 2

2 2 22 22 2 22 2 222 2 2 2

2 22 2 22 22 22 22 2 2 2 2

222 22 22 22 2 2 22 2 2 2

2 22 2 2 2 222 2 2 222 2 2

2 2 2
2 2 2 22 2 2 2 2 2 2 2 2

2
2 22 2 2 22 22 22

2 2 2 2

2 2 2 22 2 22 22 2 2
2 2 2 2

2 2 2 2 2 2 22 22 2 2 2 2 2 2

2 22 22 2 222 2 22 22 2 2

2 2 22 2 22 22 2 2 22 2 2 2

3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 33

3 3 3 3 3 3 3 3 3 3 3
3 3 3 33 3

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

3 3 3 3 3 3 33 3 3 3 3 3 3 3 3 3

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

3

3 3 3 3 3 3 3 3 3 3 3 3 3

33 3

3 3 3 3 3 3 3 3 3 3 3 3 3

33 3

3 3 3 3 3 3 3 3 3 3 3 3 3

3 3 3

3 3 3 3 3 3 3
3 3 3 3

3 3 3 3 3

3 3 3 3 3
3 3

3 3 3 3

3 3 3 3 3

3 3
3 3 3

3

3 33 33 3 3 3 3 3

3 3 333 3 3 33 3 3 3 3 3 3

3 3 333 3 33 33 3 3 33
3

3 3 33 3 33 3 33 33 3 3
3

3 33 333 3 3 3 33 33 3 3 3

3 33 3 33 33 33 33 3 3 3

3 3 3 3 33 3 3 3 333 33 3

3 33 33 3 3 333 3 3 3 3 3

333 33 333 3 3 33 3 3 3

3 33 3 3 3 33 3 333 33 3

3 3 3
3 3 3 33 3 3 3 3 3 3 3

3
3 33 3 3 333 33

3 3 3 3

3 3 3 33 3 33 33 3
3 3 3 3

3 3 3 3 3 3 33 33 3 3 3 3 3

3 33 33 3 3
3 33 3 33 3 3

3 3 33 3 3 33 3 33 3 3 3 3

4 4 4 4 4 4 4 4 4 4
4 4 4 4 44

4 4 4 4 4 4 4 4 4 4
4 4 4 44 4

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

4 4 4 4 4 4 4 4
4 4 4 4 4 4

4

4 4 4 4 4 4 4 4 4 4 4 4 4 4
4

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

4

4 4 4 4 4 4 4 4 4 4 4 4 4

44 4

4 4 4 4 4 4 4 4 4 4 4 4 4

44 4

4 4 4 4 4 4 4 4 4 4 4 4 4

4 4 4

4 4 4 4 4 4 4
4 4 4 4

4 4 4 4 4

4 4 4 4 4
4 4

4 4 4 4

4 4 4 4 4

4 4
4 4 4

4

44 4 44 4 4 4 4 4

4 44 44 44 44 4 4 4 4 4 4 4

4 4 4 444 44 44 4 4 44
4 4

4 4 44 4 44 44 44 4 4 4
4 4

4 4 44 4 4 4 44 44 4 4 4 4 4

4 44 4 44 444 4
4

44 4
4 4

4 4 44 44 44 4 444 44 4 4

4 4 44 4 4 444 4 4 444 4 4

444 4 44 44 4 4 44 44 4

4 44 4 4 4 44 44 44 44 4

4 4 4
4 4 4 44 4 4 4 4 4 4 4 4

4
44 4 4 4 444 44

4 4 4 4

4 4 4 44 4 44 44 4
4 4 4 4

4 4 4 4 4 4 44 44 4 4 4 4 4

4 44 44 4 4 44 44 44 4 4 4

4 4 44 4 44 4 4 44 4 4 4 4

5 5 5 5 5 5 5 5 5 5
5 5 5 5 55

5 5 5 5 5 5 5 5 5 5
5 5 5 55 5

5 5 5 5 5 5 5 5 5 55
5 5 5 5 5

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
5

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
5

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

5

5 5 5 5 5 5 5 5 5 5 5 5 5

55 5

5 5 5 5 5 5 5 5 5 5 5 5 5

55 5

5 5 5 5 5 5 5 5 5 5 5 5 5

5 5 5

5 5 5 5 5 5 5
5 5 5 5

5 5 5 5 5

5 5 5 5 5
5 5

5 5 5 5

5 5 5 5 5

5 5
5 5 5

5

55 55 5 5 5 5 5 5

5 5 555 5 55 5 5 5 5 55 5 5

5 5 5 555 55 55 5 5 55
5 5

5 5 55 5 55 55 55 5 55
5 5

5 5 55 5 5 55 5 55 5 5 5 5 5

55 5 5 5 55 55 5 5 55 5 5 5 5

5 5 5 55 5 55 5 555 55 5 5

5 5 55 55 5 555 5 5 55 5 5

555 555 55 5 55 5 55 5 5

5 555 5 5 5 55 5 55 55 5 5

5 5 5
5 5 5 55 5 55 5 5 5 5 5

5
55 5 5 5 55 55 55

5 5 5 5

55 5 55 5 55 5 55 5
5 5 5 5

5 5 5 5 5 5 5 55 55 5 5 5 5 5

5 5 55 5 5 5 55 55 5 5 5 5 5

5 5 55 55 5 5 5 55 5 5 5 5

6 6 6 6 6 6 6 6 6 6
6 6 6 6 66

6 6 6 6 6 6 6 6 6 6
6 6 6 66 6

6 6 6 6 6 6 6 66 6 6
6 6 6 6 6

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

6 6 6 6 6 6 66 6 6 6 6 6 6 6 6 6

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
6

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
6

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

6

6 6 6 6 6 6 6 6 6 6 6 6 6

66 6

6 6 6 6 6 6 6 6 6 6 6 6 6

66 6

6 6 6 6 6 6 6 6 6 6 6 6

6 6 6

6 6 6 6 6 6 6
6 6 6 6

6 6 6 6 6

6 6 6 6 6
6 6

6 6 6 6

6 6 6 6 6

6 6
6 6 6

6

66 66 6 6 6 6 6 6

6 6 666 6 66 6 6 6 66 6 6 6

6 6 6 666 6 66 6 6 6 66
6 6

6 6 66 6 66 66 66 6 66
6 6

6 6 66 6 6 66 6 66 66 6 6 66

6 6 66 66 66 6 666 6 6 66 6

66 6 666 66 6 666 66 6 6

6 666 66 6 666 6 66 6 6

666 666 66 66 6 66 6 6

6 666 66 6 66 66 66 6 6

6 6 6
6 6 6 66 6 66 6 6 6 6

6 66 6 6 6 66 66 66
6 6 6

6 66 66 6 66 666 6
6 6 6

6 6 6 6 6 6 6 66 66 6 6 6 6

6 6 66 6 6 6 66 66 6 6 6 6

6

6 6 66 66 6 6 6 66 6 6 6 6 6

7 7 7 7 7 7 7 7 7 7
7 7 7 7 77

7 7 7 7 7 7 77 7 7 7
7 7 7 77 7

7 7 7 7 7 7 7 7 7 7 7
7 77 7 7

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7
7

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7
7

7 7 7 7 77 7 7 7 7 7 7 7 7 7
7

7 7 7 7 7 7 7 7 7 7 7 7 7

7 7 7

7 7 7 7 7 7 7 7 7 7 7 7 7

77 7

7 7 7 7 7 7 77 7 7 7 7 7

7 7 7

7 7 7 7 7 7 7 7 7 7 7

7 7 7 7 7

7 7 7 7 7 7 7

7 7 7 7
7 7 7 7 7

7 7 7 7 7 7 7 7

7
7 7 7 7 7 7 7

7 77 77 7 77 7 7 7 7 77 7 7

7 7 77 77 77 77 7 7 7 77 7 7

7 7 77 77 77 7 77 7 77
7 7

7 7 777 77 7 77 77 77
7 7

7 77 77 7 7 77 7 77 7 7 7 7

7 7 77 7 77 7 7 77 7 77 7 7

7 777 77 7 777 7 77 7 7

77 77 7 77 777 7 77 7 7

77 7 777 7 7 7 77 7 7 7 7

7 7 7 7 7 7 77 7 77 7 7 77

7
7

7 7 7 7 77 77 7 7 7 7 7

7 77 77 7 77 777 7
7 7 7

77 77 7 7 7 7777 7 7 7 7

7 7 7 7 7 7 77 777 7 7 7 7

7 7 77 77 7 7 7 77 7 7 7 7 7

8 8 8 8 8 8 8 8 8 8
8 8 8 8 8 8

8 8 8 8 8 8 8 8 8 88
8 8 8 88 8

8 8 8 8 8 8 8 8 8 8 8 8 88 8 8

8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8

8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8

8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
8

8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
8

8 8 8 8 88 8 8 8 8 8 8 8 8 8
8

8 8 8 8 88 8 8 8 8 8 8 8 8

8 8 8

8 8 8 8 8 8 8 8 8 8 8 8 8

88 8

8 8 8 8 8 8 8 8 8 8 8 8 8

8 8 8

8 8 8 8 8 8 8 8 8 8 8

8 8 8 8 8

8 8 8 8 8 8 8

8 8 8 8
8 8 8 8 8

8 8 8 8 8 8 8 8

8
8 8 8 8 8 8 8

8 88 88 8 88 8 8 8 8 88 8 8

8 8 8 888 8 88 8 8 8 88 8 8

8 8 88 88 88 8 88 8 88
8 8

8 8 88 8 88 8 8 88 8 8 8
8 8

8 88 88 8 8 88 8 8 8 8 8 8 8

8 8 88 8 88 8 8 8 88 88 8 8

8 888 88 8 88 88 8 88 8 8

888 88 88 888 8 8 88 8 8

88 8 888 8 88 8 88 8 8 8 8

8 8 8 8 8 8 88 8 88 8 8 88 8

8
8

8 8 8 8 88 8 88 8 8 8 8 8

88 8 88 8 88 8 88 8
8 8 8 8

8 8 88 8 8 8 88888 8 8 8 8

8 8 8 8 8 8 88 888 8 8 8 8 8

8 88 88 8 88 8 8 88 8 8 8 88

9 9 9 9 9 9 9 9 9 9
9 9 9 9 99

9 9 9 9 9 9 9 9 9 9
9 9 9 99 9

9 9 9 9 9 9 9 9 9 9
9 9 99 9 9

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
9 9

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
9

9 9 9 9 99 9 9 9 9 9 9 9 9 9
9

9 9 9 9 9 9 9 9 9 9 9 9 9

9 9 9

9 9 9 9 9 9 9 9 9 9 9 9 9

99 9

9 9 9 9 9 9 9 9 9 9 9 9 9

9 9 9

9 9 9 9 9 9 9 9 9 9 9

9 9 9 9 9

9 9 9 9 9 9 9

9 9 9 9
9 9 9 9 9

9 9 9 9 9 9 9 9

9
9 9 9 9 9 9 9

9 9 99 99 9 99 9 9 9 99 9 9 9

9 9 9 999 9 99 9 9 9 99 9 9

9 9 99 9 9 99 9 99 9 99
9 9

9 9 99 9 9 99 99 99 9 9
9 9

9
9 99 9 99 9 999 9 99 9 9 9 9

9 9 9 999 99 9 99 9 99 9 9

9 99 99 9 99 99 9 99 9 9 9

999 99 99 9 99 9 9 99 9

99 99 99 99 9 9 99 9 9 9

9 9 9 9 9 9 99 9 9 9 9 99 9

9
9

99 9 9 99 9 9 9 9 9 9 9

9 9 9 99 9 99 99 9
9 9 9 9

9 9 99 9 9 99999
9 9 9 9

9 9 9 9 9 9 99 999 9 9 9 9 9

9 9 99 9 99 9 9 9 99 9 9 9

10 10 10 10 10 10 10 10 10 10 10
10 10 10 10 1010

10 10 10 10 10 10 10 10 10 10 10
10 10 10 1010 10

10 10 10 10 10 10 10 10 10 10 10
10 10 1010 10 10

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10

10 10 10 10 10 10 10 10 10 10 10 10 10

10 10 10

10 10 10 10 10 10 10 10 10 10 10 10 10

1010 10

10 10 10 10 10 10 10 10 10 10 10 10 10

10 10 10

10 10 10 10 10 10 10 10 10 10 10

10 10 10 10 10

10 10 10 10 10 10 10

10 10 10 10
10 10 10 10 10

10 10 10 10 10 10 10 10

10
10 10 10 10 10 10 10

10 10 101010 10 1010 1010 10 10 10 10 10

10 10 10 101010 1010 1010 10 10 10 10 10

10 10 1010 10 10 1010 10 1010 10 10 10
10

10 10 1010 10 10 1010 1010 1010 10 10
10

10 10 1010 10 1010 10 10 1010 10 10 10 10

10 10 10 10101010 1010 10 1010 1010 10

10 10 1010 10 10 1010 10 10 10 1010 10 10

101010 10 1010 10 1010 1010 10 1010 10

1010 1010 1010 10 1010 10 1010 10 10 10

10 10 10 10 10 10 1010 10 10 10 10 1010 10

10
10

1010 10 10 1010 10 10 10 10 10 10 10

10 10 10 1010 1010 101010 10
10 10 10 10

10 10 1010 10 10 10101010 10
10 10 10 10

10 10 10 10 10 10 1010 1010 10 10 10 10 10

10 10 1010 10 10 10 1010 10 1010 10 10 10

11 11 11 11 11 11 11 11 11 11 11
11 11 11 11 11

11 11 11 11 11 11 11 11 11 11 11
11 11 11 1111

11 11 11 11 11 11 11 11 11 11 11
11 11 1111 11

11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11

11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11

11 11 11 11 11 11 11 11 11 11 11 11 11 11

11 11

11 11 11 11 11 11 11 11 11 11 11 11 11 11

11 11

11 11 11 11 11 11 11 11 11 11 11 11 11 11

11 11

11 11 11 11 11 11 11 11 11 11 11 11

11 11 11 11

11 11 11 11 11 11 11 11 11 11 11 11

1111 11 11

11 11 11 11 11 11 11 11 11 11 11 11

11 11 11 11

11 11 11 11 11 11 11 11 11 11

11 11 11 11 11 11

11 11 11 11 11 11 11

11 11 11
11 11 11 11 11 11

11 11 11 11 11 11 11

11
11 11 11 11 11 11 11

11 11 111111 11 1111 1111 11 11 11 11 11

11 1111 1111 1111 1111 1111 11 11 11 1111

11 11 1111 11 11 1111 11 11 1111 11 11
11

11 11 1111 11 11 11 11 111111 1111 11 11
11

11 11 1111 11 11 1111 11 11 1111 11 11 11 11

11 11 11 11 1111 1111 1111 11 1111 1111 11

11 11 1111 11 11 11 1111 11 11 11 11 1111 11

111111 11 1111 1111 11 11 1111 11 1111 11

1111 111111 11 1111 1111 1111 1111 11 11

11 11 11 11 11 1111 1111 11 11 11 11 1111 11

11
11

1111 11 11 1111 11 11 11 11 11 11 11 11

11 11 11 1111 1111 111111 11 11
11 11 11 11

11 11 1111 11 11 1111111111 11
11 11 11 11

11 11 11 11 11 11 1111 1111 11 11 11 11 11 11

11 11 1111 11 11 11 11 1111 11 1111 11 11 11

12 12 12 12 12 12 12 12 12 12 12
12 12 12 12 12

12 12 12 12 12 12 12 12 12 12 12
12 12 12 1212

12 12 12 12 12 12 12 12 12 12 12
12 12 1212 12

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

12 12 12 12 12 12 12 12 12 12 12 12 12 12
12 12

12 12 12 12 12 12 12 12 12 12 12 12 12 12
12 12

12 12 12 12 12 12 12 12 12 12 12 12 12 12

12 12

12 12 12 12 12 12 12 12 12 12 12 12

12 12 12 12

12 12 12 12 12 12 12 12 12 12 12 12

1212 12 12

12 12 12 12 12 12 12 12 12 12 12 12

12 12 12 12

12 12 12 12 12 12 12 12 12 12

12 12 12 12 12 12

12 12 12 12 12 12 12

12 12 12
12 12 12 12 12 12

12 12 12 12 12 12 12

12
12 12 12 12 12 12 12 12

12 12 12121212 12 1212 1212 12 12 12 12 12

12 12 12 12121212 12 1212 1212 12 12 12 12

12 12 12 121212 12 12 1212 12 12 1212 12 12
12

12 12 121212 1212 12 12 12121212 12 12 12
12

12 12 1212 12 12 12 1212 12 1212 12 12 12 12

12 12 12 12 1212 1212 1212 12 1212 1212 12

12 1212 1212 12 1212 1212 12 12 12 1212 12

121212 1212 121212 12 1212 1212 1212 12

1212 121212 12 1212 1212 12 1212 12 12 12

12 12 12 12 12 1212 12 1212 12 12 12 1212 12

12
12

1212 12 1212 1212 12 12 12 12 12 12 12

12 12 12 1212 1212 121212 12 12
12 12 12 12

12 12 1212 12 12 1212121212 12
12 12 1212

12 12 12 12 12 12 1212 1212 12 12 12 12 12 12

12 12 1212 12 12 12 12 1212 12 1212 12 12 12

13 13 13 13 13 13 13 13 13 13 13
13 13 13 13 13

13 13 13 13 13 13 13 13 13 13 13
13 13 13 1313

13 13 13 13 13 13 13 13 13 13 13
13 13 1313 13

13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13

13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13

13 13 13 13 13 13 13 13 13 13 13 13 13 13
13 13

13 13 13 13 13 13 13 13 13 13 13 13 13 13
13 13

13 13 13 13 13 13 13 13 13 13 13 13 13 13

13 13

13 13 13 13 13 13 13 13 13 13 13 13

13 13 13 13

13 13 13 13 13 13 13 13 13 13 13 13

1313 13 13

13 13 13 13 13 13 13 13 13 13 13 13

13 13 13 13

13 13 13 13 13 13 13 13 13 13

13 13 13 13 13 13

13 13 13 13 13 13 13

13 13 13
13 13 13 13 13 13

13 13 13 13 13 13 13

13
13 13 13 13 13 13 13 13

13 13 13131313 13 1313 1313 13 13 13 13 13

13 1313 13131313 13 1313 1313 13 13 13 13

13 13 13 131313 13 13 1313 13 13 1313 13 13
13

13 13 131313 1313 13 13 13 1313 13 1313 13
13

13 13 1313 13 13 13 1313 13 1313 13 13 13 13

13 13 13 13 131313 13 1313 13 1313 1313 13

13 1313 13 1313 1313 1313 13 13 13 1313 13

13 1313 1313 131313 13 1313 1313 1313 13

1313 13 1313 13 1313 13 13 13 1313 13 13 13

13 13 13 13 13 1313 13 1313 13 13 13 1313 13

13
13

1313 13 1313 1313 13 13 13 13 13 13 13

13 13 13 1313 1313 131313 13 13
13 13 13 13

13 13 1313 13 13 13131313 13 13
13 13 1313

13 13 13 13 13 13 1313 1313 13 13 13 13 13 13

13 1313 1313 13 13 13 1313 13 1313 13 13 13

14 14 14 14 14 14 14 14 14 14 14
14 14 14 14 14

14 14 14 14 14 14 14 14 14 14 14
14 14 14 1414

14 14 14 14 14 14 14 14 14 14
14 14 14 1414 14

14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14

14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14

14 14 14 14 14 14 14 14 14 14 14 14 14 14

14 14

14 14 14 14 14 14 14 1414
14 14 14 14 14

14 14

14 14 14 14 14 14 14 14 14 14 14 14 14 14

14 14

14 14 14 14 14 14 14 14 14 14 14 14

14 14 14 14

14 14 14 14 14 14 14 14 14 14 14 14

1414 14 14

14 14 14 14 14 14 14 14 14 14 14 14

14 14 14 14

14 14 14 14 14 14 14 14 14 14

14 14 14 14 14 14

14 14 14 14 14 14 14

14 14 14
14 14 14 14 14 14

14 14 14 14 14 14 14

14
14 14 14 14 14 14 14

14 14 141414 14 1414 1414 14 14 14 14 14

14 14 141414 14 1414 1414 14 14 14 14 14

14
14 14 1414 14 14 1414 14 14 1414 14 14

14

14 14 1414 14 14 1414 1414 1414 14 14
14

14 14 1414 14 14 1414 14 14 1414 14 14 14 14

14 14 14 14 141414 14 1414 14 1414 1414 14

14 14 1414 14 14 14 1414 14 14 14 14 1414 14

141414 14 1414 1414 1414 1414 14 1414 14

1414 141414 14 1414 14 14 14 1414 14 14 14

14 14 14 14 14 1414 1414 14 1414 14 14 14 14
14

14
14

1414 14 14 1414 14 14 14 14 14 14 14 14

14 14 14 1414 1414 141414 14 14
14 14 14 14

14 14 1414 14 14 14141414 14 14
14 14 14 14

14 14 14 14 14 14 1414 1414 14 14 14 14 14 14

14 14 1414 14 14 14 14 1414 14 1414 14 14 14

15 15 15 15 15 15 15 15 15 15 15
15 15 15 15 1515

15 15 15 15 15 15 15 15 15 15 15
15 15 15 1515 15

15 15 15 15 15 15 15 15 15 15 15
15 15 1515 15 15

15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
15

15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
15

15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
15

15 15 15 15 15 15 15 15 15 15 15 15 15

15 15 15

15 15 15 15 15 15 15 15 15 15 15 15 15

1515 15

15 15 15 15 15 15 15 15 15 15 15 15 15

15 15 15

15 15 15 15 15 15 15 15 15 15 15

15 15 15 15 15

15 15 15 15 15 15 15

15 15 15 15
15 15 15 15 15

15 15 15 15 15 15 15 15

15
15 15 15 15 15 15 15

15 15 151515 1515 15 1515 15 15 15 15 15 15

15 15 15 151515 1515 1515 15 15 15 15 15

15 15 15 1515 15 15 1515 15 1515 15 15 15
15

15 15 1515 15 15 1515 1515 1515 15 15
15

15 15 1515 15 1515 15 15 1515 15 15 15 15

15 15 15 1515 1515 1515 15 1515 1515 15

15 15 1515 15 15 15 1515 15 15 15 1515 15

151515 15 1515 15 1515 1515 15 1515 15

1515 1515 1515 15 15 15 15 1515 15 15 15

15 15 15 15 15 15 1515 15 15 15 15 1515 15

15
15

1515 15 15 1515 15 15 15 15 15 15 15

15 15 15 1515 1515 151515 15
15 15 15 15

15 15 1515 15 15 15151515 15
15 15 15 15

15 15 15 15 15 15 1515 1515 15 15 15 15 15

15 15 1515 15 15 15 1515 15 1515 15 15 15

16 16 16 16 16 16 16 16 16 16
16 16 16 16 1616

16 16 16 16 16 16 16 16 16 16
16 16 16 1616 16

16 16 16 16 16 16 16 16 16 16
16 16 1616 16 16

16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16

16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16

16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
16

16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
16

16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
16

16 16 16 16 16 16 16 16 16 16 16 16 16

16 16 16

16 16 16 16 16 16 16 16 16 16 16 16 16

1616 16

16 16 16 16 16 16 16 16 16 16 16 16 16

16 16 16

16 16 16 16 16 16 16 16 16 16 16

16 16 16 16 16

16 16 16 16 16 16 16

16 16 16 16
16 16 16 16 16

16 16 16 16 16 16 16 16

16
16 16 16 16 16 16 16

16 161616 16 16 1616 16 16 16 16 1616 16 16

16 16 16 161616 16 1616 16 16 16 1616 16 16

16 16 1616 16 16 1616 16 1616 16 1616
16 16

16 16 1616 16 16 1616 1616 1616 16 16
16 16

16 16 1616 16 1616 16 1616 16 16 16 16 16 16 16

16 16 16 16161616 1616 1616 16 1616 16 16

16 16 1616 1616 16 1616 1616 16 1616 16 16

161616 16 161616 16 1616 16 16 1616 16

1616 1616 1616 1616 16 16 1616 16 16 16

16 16 16 16 16 16 1616 16 16 16 16 1616 16

16
16

1616 16 16 1616 16 16 16 16 16 16 16

16 16 16 1616 16 1616 1616 16
16 16 16 16

16 16 1616 16 16 16161616 16
16 16 16 16

16 16 16 16 16 16 1616 161616 16 16 16 16 16 16

16 16 1616 16 1616 16 16 16 1616 16 16 16

17 17 17 17 17 17 17 17 17 17
17 17 17 17 1717

17 17 17 17 17 17 17 17 17 17
17 17 17 1717 17

17 17 17 17 17 17 17 17 17 17
17 17 1717 17 17

17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17

17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17

17 17 17 17 17 17 17 17 17 17 17 17 17 17 17
17

17 17 17 17 17 17 17 17 17 17 17 17 17 17 17
17

17 17 17 17 1717 17 17 17 17 17 17 17 17 17
17

17 17 17 17 17 17 17 17 17 17 17 17 17

17 17 17

17 17 17 17 17 17 17 17 17 17 17 17 17

1717 17

17 17 17 17 17 17 17 17 17 17 17 17 17

17 17 17

17 17 17 17 17 17 17 17 17 17 17

17 17 17 17 17

17 17 17 17 17 17 17

17 17 17 17
17 17 17 17 17

17 17 17 17 17 17 17 17

17
17 17 17 17 17 17 17

17 1717 1717 17 1717 17 17 17 17 1717 17 17

17 17 17 171717 17 1717 17 17 17 1717 1717 17

17 17 1717 1717 1717 17 1717 17 1717
17 17

17 17 1717 17 1717 17 1717 1717 17 17
17 17

17 1717 1717 17 17 1717 17 1717 17 17
17 17

17 17 1717 1717 1717 17 17 1717 1717 17 17

17 171717 1717 17 1717 1717 17 1717 17 17

171717 1717 1717 171717 17 17 1717 17 17

1717 17 1717 1717 1717 17 1717 17 17 17 17

17 17 17 17 17 17 1717 17 1717 17 17 17 1717 17

17
17

1717 17 17 1717 1717 17 17 17 17 17 17

1717 17 1717 17 1717 17 1717 17
17 17 17 17

17 17 1717 17 17 17 17171717 17
17 17 17 17

17 17 17 17 17 17 1717 171717 17 17 17 17 17

17 17 1717 17 1717 17 17 1717 17 17 17 17

18 18 18 18 18 18 18 18 18 18
18 18 18 18 1818

18 18 18 18 18 18 18 18 18 18
18 18 18 1818 18

18 18 18 18 18 18 18 18 18 18
18 18 1818 18 18

18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18

18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18

18 18 18 18 18 18 18 18 18 18 18 18 18 18 18
18

18 18 18 18 18 18 18 18 18 18 18 18 18 18 18
18

18 18 18 18 1818 18 18 18 18 18 18 18 18 18
18

18 18 18 18 18 18 18 18 18 18 18 18 18

18 18 18

18 18 18 18 18 18 18 18 18 18 18 18 18

1818 18

18 18 18 18 18 18 18 18 18 18 18 18 18

18 18 18

18 18 18 18 18 18 18 18 18 18 18

18 18 18 18 18

18 18 18 18 18 18 18

18 18 18 18
18 18 18 18 18

18 18 18 18 18 18 18 18

18
18 18 18 18 18 18 18

18 1818 1818 18 1818 18 18 18 18 1818 18 18

18 18 18 181818 18 1818 18 18 18 1818 18 18 18

18 18 1818 1818 1818 18 1818 18 1818
18 18

18 18 181818 1818 18 1818 1818 1818
18 18

18 1818 1818 18 18 1818 18 1818 18 18 18 18

18 18 1818 18 18 1818 18 1818 18 1818 18 18

18 181818 1818 18 181818 18 1818 18 18

1818 1818 18 1818 181818 18 1818 18 18

1818 18 1818 1818 18 18 1818 18 18 18 18

18 18 18 18 18 18 1818 18 1818 18 18 18 18

18
1818 18 18 18 1818 1818 18 18 18 18 18

18 1818 1818 18 1818 18 1818 18
18 18 18

1818 1818 18 18 18 181818 18 18 18 18 18

18 18 18 18 18 18 1818 181818 18 18 18 18

18 18 1818 1818 1818 18 1818 18 18 18 18 18

19 19 19 19 19 19 19 19 19 19
19 19 19 19 1919

19 19 19 19 19 19 19 19 19 19
19 19 19 1919 19

19 19 19 19 19 19 19 19 19 19
19 19 1919 19 19

19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19

19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19

19 19 19 19 19 19 19 19 19 19 19 19 19 19 19
19

19 19 19 19 19 19 19 19 19 19 19 19 19 19 19
19

19 19 19 19 1919 19 19 19 19 19 19 19 19 19
19

19 19

19 19 19 19 19 19 19 19 19 19 19 19 19

19 19 19

19 19 19 19 19 19 19 19 19 19 19 19 19

1919 19

19 19 19 19 19 19 19 19 19 19 19 19 19

19 19 19

19 19 19 19 19 19 19 19 19 19 19

19 19 19 19 19

19 19 19 19 19 19 19

19 19 19 19
19 19 19 19 19

19 19 19

19 19 19 19 19 19 19 19

19 19 19 19 19 19 19 19

19 1919 1919 19 1919 19 19 19 19 1919 19 19

19 19 19 191919 19 1919 19 19 19 1919 19 19 19

19 19 1919 1919 1919 19 1919 19 1919
19 19

19 19 191919 1919 19 19 1919 19 1919
19 19

19 1919 1919 19 19 1919 19 1919 19 19 19 19

19 19 1919 19 19 1919 19 1919 19 1919 19 19

19 191919 1919 19 191919 19 1919 19 19

1919 191919 1919 191919 19 1919 19 19

191919 1919 1919 19 19 1919 19 19 19 19

19 19 19 19 19 19 1919 19 1919 19 19 19 19

19
1919 19 19 19 1919 1919 19 19 19 19 19

19 1919 1919 19 1919 1919 19
19 19 19

1919 1919 19 19 19 191919 19 19 19 19 19

19 19 19 19 19 19 1919 191919 19 19 19 19

19 19 1919 19 191919 19 1919 1919 19 19 19
19

20 20 20 20 20 20 20 20 20 20
20 20 20 20 2020

20 20 20 20 20 20 20 20 20 20
20 20 20 2020 20

20 20 20 20 20 20 20 20 20 20
20 20 2020 20 20

20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20

20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20

20 20 20 20 20 20 20 20 20 20 20 20 20 20 20
20

20 20 20 20 20 20 20 20 20 20 20 20 20 20 20
20

20 20 20 20 2020 20 20 20 20 20 20 20 20 20
20

20 20

20 20 20 20 20 20 20 20 20 20 20 20 20

20 20 20

20 20 20 20 20 20 20 20 20 20 20 20 20

2020 20

20 20 20 20 20 2020 20 20
20 20 20 20

20 20 20

20 20 20 20 20 20 20 20 20 20 20

20 20 20 20 20

20 20 20 20 20 20 20

20 20 20 20
20 20 20 20 20

20 20 20

20 20 20 20 20 20 20 20

20 20 20 20 20 20 20 20

20 2020 2020 20 2020 20 20 20 20 2020 20 20

20 20 20 202020 20 2020 20 20 20 2020
20 20

20 20 2020 2020 2020 20 2020 20 2020
20 20

20 20 2020 20 20 2020 20 2020 20 20 20
20 20

20 2020 20 2020 20 2020 20 20 20 20 20 20 20

20 20 2020 20 2020 2020 20 2020 2020 20 20

20 20 2020 2020 20 2020 2020 20 2020 20 20

202020 20 202020 202020 20 20 2020 20 20

2020 20 2020 2020 2020 20 2020 20 20 20 20

20 20 20 20 20 20 2020 20 2020 20 20 20 20 20 20

20
2020 20 20 20 2020 2020 20 20 20 20 20 20

2020 20 2020 20 2020 20 2020 20
20 20 20 20

2020 2020 20 20 20 20202020 20
20 20 20 20

20 20 20 20 20 20 2020 202020 20 20 20 20 20

20 20 2020 20 2020 20 20 2020 20 20 20 20

21 21 21 21 21 21 21 21 21 21
21 21 21 21 2121

21 21 21 21 21 21 21 21 21 21
21 21 21 2121 21

21 21 21 21 21 21 21 21 21 21
21 21 2121 21 21

21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21

21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21

21 21 21 21 21 21 21 21 21 21 21 21 21 21 21
21

21 21 21 21 21 21 21 21 21 21 21 21 21 21 21
21

21 21 21 21 21 21 21 21 21 21 21 21 21 21 21
21

21 21

21 21 21 21 21 21 21 21 21 21 21 21 21

21 21 21

21 21 21 21 21 21 21 21 21 21 21 21 21

2121 21

21 21 21 21 21 21 21 21 21 21 21 21 21

21 21 21

21 21 21 21 21 21 21 21 21 21 21

21 21 21 21 21

21 21 21 21 21 21 21

21 21 21 21
21 21 21 21 21

21 21 21

21 21 21 21 21 21 21 21

21 21 21 21 21 21 21 21

21 212121 21 21 2121 21 21 21 21 2121 21 21

21 21 21 212121 21 2121 21 21 21 2121
21 21

21 21 2121 21 21 2121 21 2121 21 2121
21 21

21 21 2121 21 21 2121 21 2121 21 21 21
21 21

21 21 2121 21 2121 21 2121 21 2121 21 21 21 21

21 21 21 2121 21 21 2121 2121 21 2121 21 21

21 21 2121 2121 21 2121 2121 21 2121 21 21

212121 21 2121 21 21 2121 21 21 2121 21

2121 2121 2121 21 2121 21 2121 21 21 21

21 21 21 21 21 21 2121 21 21 21 21 2121 21

21
21

21 21 21 21 2121 21 21 21 21 21 21 21

21 21 21 2121 21 2121 2121 21
21 21 21 21

21 21 2121 21 21 21212121 21
21 21 21 21

21 21 21 21 21 21 2121 212121 21 21 21 21 21

21 21 2121 21 21 2121 21 21 2121 21 21 21

22 22 22 22 22 22 22 22 22 22 22
22 22 22 22 22 22

22 22 22 22 22 22 22 22 22 22 22
22 22 22 2222 22

22 22 22 22 22 22 22 22 22 22 22
22 22 2222 22 22

22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22

22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22

22 22 22 22 22 22 22 22 22 22 22 22 22 22 22
22

22 22 22 22 22 22 22 22 22 22 22 22 22 22 22
22

22 22 22 22 22 22 22 22 22 22 22 22 22 22 22
22

22 22

22 22 22 22 22 22 22 22 22 22 22 22 22

22 22 22

22 22 22 22 22 22 22 22 22 22 22 22 22

2222 22

22 22 22 22 22 22 22 22 22 22 22 22 22

22 22 22

22 22 22 22 22 22 22 22 22 22 22

22 22 22 22 22

22 22 22 22 22 22 22

22 22 22 22
22 22 22 22 22

22 22 22

22 22 22 22 22 22 22 22

22 22 22 22 22 22 22 22

2222 222222 22 22 2222 22 22 22 22 2222 22

22 22 2222 2222 2222 2222 22 22 22 22
22

22 22 2222 22 22 2222 22 2222 22 22 22
22

22 22 2222 22 22 2222 2222 2222 22 22
22

22 22 2222 22 2222 22 22 2222 22 22 22 22

22 22 22 222222 22 2222 2222 22 2222 22

22 22 2222 2222 22 2222 22 22 22 2222 22

222222 22 2222 22 2222 2222 22 2222 22

2222 2222 2222 2222 22 22 2222 22 22 22

22 22 22 22 22 22 2222 22 22 22 22 2222 22

22
22

22 22 22 22 2222 22 22 22 22 22 22 22

22 22 22 2222 2222 222222 22
22 22 22 22

22 22 2222 22 22 22222222 22
22 22 22 22

22 22 22 22 22 22 2222 2222 22 22 22 22 22

22 22 2222 22 22 22 2222 22 2222 22 22 22

23 23 23 23 23 23 23 23 23 23 23
23 23 23 23 23

23 23 23 23 23 23 23 23 23 23 23
23 23 23 2323

23 23 23 23 23 23 23 23 23 23 23
23 23 2323 23

23 23 23 23 23 23 23 23 23 23 23 2323
23 23 23

23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23

23 23 23 23 23 23 23 23 23 23 23 23 23 23

23 23

23 23 23 23 23 23 23 23 23 23 23 23 23 23

23 23

23 23 23 23 23 23 23 23 23 23 23 23 23 23

23 23

23 23

23 23 23 23 23 23 23 23 23 23 23 23

23 23 23 23

23 23 23 23 23 23 23 23 23 23 23 23

2323 23 23

23 23 23 23 23 23 23 23 23 23 23 23

23 23 23 23

23 23 23 23 23 23 23 23 23 23

23 23 23 23 23 23

23 23 23 23 23 23 23

23 23 23
23 23 23 23 23 23

23 23 23

23 23 23 23 23 23 23

23 23 23 23 23 23 23 23

23 23 232323 2323 2323 2323 23 23 23 23 23

23 23 2323 23 23 2323 2323 23 23 23 23 23

23 23 23 2323 23 23 23 2323 23 23 2323 2323 23

23
23 23 2323 23 23 2323 2323 2323 23 23

23

23 2323 23 23 2323 2323 23 2323 23 23 23 23

23 23 23 23 232323 23 2323 23 2323 2323 23

23 23 2323 23 23 23 2323 23 23 23 23 2323 23

232323 2323 232323 2323 2323 23 2323 23

2323 232323 23 232323 23 23 2323 23 23 23

23 23 23 23 23 2323 2323 23 23 23 23 2323 23

23
23

23 23 23 23 2323 23 23 23 23 23 23 23 23

23 23 23 2323 2323 232323 23 23
23 23 23 23

23 23 2323 23 23 23232323 23 23
23 23 23 23

23 23 23 23 23 23 2323 2323 23 23 23 23 23 23

23 23 2323 23 23 23 23 2323 23 2323 23 23 23

24 24 24 24 24 24 24 24 24 24 24
24 24 24 24 24

24 24 24 24 24 24 24 24 24 24 24
24 24 24 2424

24 24 24 24 24 24 24 24 24 24 24
24 24 2424 24

24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24

24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24

24 24 24 24 24 24 24 24 24 24 24 24 24 24
24 24

24 24 24 24 24 24 24 24 24 24 24 24 24 24
24 24

24 24 24 24 24 24 24 24 24 24 24 24 24 24

24 24

24 24

24 24 24 24 24 24 24 24 24 24 24 24

24 24 24 24

24 24 24 24 24 24 24 24 24 24 24 24

2424 24 24

24 24

24

24 24 24 24 24 24
24 24 24

24 24 24 24

24 24 24 24 24 24 24 24 24 24

24 24 24 24 24 24

24 24 24 24 24 24 24

24 24 24
24 24 24 24 24 24

24 24 24

24 24 24 24 24 24 24

2424 24 24 24 24 24 24 24

24 24 2424 2424 24 2424 2424 24 24 24 24 24

24 24 242424 24 24 2424 2424 24 24 24 24 24

24 24 24 242424 24 24 2424 24 24 2424 24
24

24 24 242424 2424 24 2424 2424 2424 24 24
24

24 24 2424 24 24 24 2424 24 2424 24 24 24 24

24 24 24 24 242424 24 2424 24 2424 2424 24

24 2424 24 2424 2424 2424 24 24 24 2424 24

24 2424 2424 242424 24 2424 2424 2424 24

2424 24 2424 24 24 2424 24 24 2424 24 24 24

24 24 24 24 24 2424 24 2424 24 24 24 2424 24

24
24

24 24 24 24 2424 24 24 24 24 24 24 24 24

24 2424 2424 2424 2424 2424 24
24 24 24 24

24 24 2424 24 24 24242424 24 24
24 24 2424

24 24 24 24 24 24 2424 2424 24 24 24 24 24 24

24 2424 2424 24 24 24 2424 24 2424 24 24 24

25 25 25 25 25 25 25 25 25 25 25
25 25 25 25 25

25 25 25 25 25 25 25 25 25 25 25
25 25 25 2525

25 25 25 25 25 25 25 25 25 25 25
25 25 2525 25

25 25 25 25 25 25 25 25 25 25 2525 25 25 25 25 25

25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25

25 25
25 25 25 25 25 25 25 25 25 25 25 25 25 25

25 25

25 25 25 25 25 25 25 25 25 25 25 25 25 25
25 25

25 25 25 25 25 25 25 25 25 25 25 25 25 25

25 25

25 25 25 25 25 25 25 25 25 25 25 25 25 25

25 25 25 25

25 25 25 25 25 25 25 25 25 25 25 25

2525 25 25

25 25 25 25 25 25 25 25
25 25 25

25 25 25 25

25 25 25 25 25 25 25 25 25 25 25 25

25 25 25 25 25 25

25 25 25 25 25 25 25

25 25 25
25 25 25 25 25 25

25 25 25

25 25 25 25 25 25 25

25 25 25 25 25 25 25 25 25

25 25 2525 2525 25 2525 2525 25 25 25 25 25

25

25 25 252525 25 25 2525 2525 25 25 25 25 25

25 25 25 25252525 25 25 2525 25 25 2525 25
25

25 25 252525 2525 25 2525 2525 2525 25
25

25 25 2525 25 25 25 2525 25 2525 25 25 25 25

25 25 25 25 252525 25 2525 25 2525 2525 25

25 2525 25 2525 2525 2525 25 25 25 2525 25

25 2525 2525 252525 25 2525 2525 2525 25

2525 25 2525 2525 2525 25 25 2525 25 25 25

25 25 25 25 25 2525 25 2525 25 25 25 2525 25

25
2525 25 25 25 2525 25 25 25 25 25 25 25 25

25 2525 2525 2525 252525 25 25 25 25 25 25

25 25 2525 25 25 25252525 25 25
25 25 25 25

25 25 25 25 25 25 2525 2525 25 25 25 25 25 25

25 2525 25 2525 25 25 2525 25 2525 25 25 25

26 26 26 26 26 26 26 26 26 26 26
26 26 26 26 26

26 26 26 26 26 26 26 26 26 26 26
26 26 26 2626

26 26 26 26 26 26 26 26 26 26 26
26 26 2626 26

26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26

26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26

26 26
26 26 26 26 26 26 26 26 26 26 26 26 26 26

26 26

26 26 26 26 26 26 26 26 26 26 26 26 26 26

26 26

26 26 26 26 26 26 26 26 26 26 26 26 26 26

26 26

26 26 26 26 26 26 26 26 26 26 26 26 26 26

26 26 26 26

26 26 26 26 26 26 26 26 26 26 26 26

26 26 26 26

26 26 26 26 26 26 26 26 26 26 26 26

26 26 26 26

26 26 26 26 26 26 26 26 26 26 26 26

26 26 26 26 26 26

26 26 26 26 26 26 26

26 26 26
26 26 26 26 26 26

26 26 26

26 26 26 26 26 26 26

26 26 26 26 26 26 26 26

26 26 262626 26 2626 2626 26 26 26 2626 26

26 26 2626 26 26 2626 2626 26 26 26 26 26

26 26 2626 26 26 2626 26 26 2626 26 26
26

26 26 26 2626 26 26 2626 2626 2626 26 26
26

26 2626 26 26 26 2626 26 2626 26 26 26 26 26

26 26 26 26 262626 26 2626 26 2626 2626 26

26 2626 2626 26 26 2626 26 26 26 26 2626 26

262626 2626 262626 2626 2626 26 2626 26

2626 262626 2626 2626 26 26 2626 26 26 26

26 26 26 26 26 26 2626 26 26 26 26 26 2626 26

26
2626 26 26 26 2626 26 26 26 26 26 26 26 26

26 2626 2626 2626 262626 26 26
26 26 26 26

26 26 2626 26 26 26262626 26 26
26 26 26 26

26 26 26 26 26 26 2626 2626 26 26 26 26 26 26

26 2626 2626 26 26 26 2626 26 2626 26 26 26

27 27 27 27 27 27 27 27 27 27 27
27 27 27 27 2727

27 27 27 27 27 27 27 27 27 27 27
27 27 27 2727 27

27 27 27 27 27 27 27 27 27 27 27
27 27 2727 27 27

27 27 27 27 27 27 27 27 27 27 27
27 2727 27 27

27 27 27 27 27 27 27 27 27 27 27 27 27 27 27 27

27
27 27 27 27 27 27 27 27 27 27 27 27 27 27 27

27

27 27 27 27 27 27 27 27 27 27 27 27 27 27 27
27

27 27 27 27 27 27 27 27 27 27 27 27 27 27 27
27

27 27 27 27 27 27 27 27 27 27 27 27 27 27 27

27 27 27

27 27 27 27 27 27 27 27 27 27 27 27 27

2727 27

27 27 27 27 27 27 27 27 27 27 27 27 27

27 27 27

27 27 27 27 27 27 27 27 27 27 27 27 27

27 27 27 27 27

27 27 27 27 27 27 27

27 27 27 27
27 27 27 27 27

27 27 27

27 27 27 27 27 27 27 27

27 27 27 27 27 27 27 27

27 272727 27 27 2727 27 27 27 27 2727 27

27 27 2727 2727 2727 2727 27 27 27 27 27

27 27 2727 27 27 2727 27 2727 27 2727
27

27 27 27 2727 27 27 2727 2727 2727 27 27
27

27
27 2727 27 2727 27 27 2727 27 27 27 27 27

27 27 27 272727 27 2727 27 2727 2727 27

27 27 2727 2727 27 2727 27 27 27 2727 27

272727 27 2727 27 2727 2727 27 2727 27

2727 2727 27 2727 27 27 27 2727 27 27 27

27 27 27 27 27 27 2727 27 27 27 27 2727 27

27
2727 27 27 27 2727 27 27 27 27 27 27 27

27 2727 2727 2727 272727 27
27 27 27 27

27 27 2727 27 27 27272727 27
27 27 27 27

27 27 27 27 27 27 2727 2727 27 27 27 27 27

27 27 2727 27 27 27 2727 27 2727 27 27 27

28 28 28 28 28 28 28 28 28 28
28 28 28 28 2828

28 28 28 28 28 28 28 28 28 28
28 28 28 2828 28

28 28 28 28 28 28 28 28 28 28
28 28 2828 28 28

28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28

28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28

28
28 28 28 28 28 28 28 28 28 28 28 28 28 28 28

28

28 28 28 28 28 28 28 28 28 28 28 28 28 28 28
28

28 28 28 28 28 28 28 28 28 28 28 28 28 28 28
28

28 28 28 28 28 28 28 28 28 28 28 28 28 28 28

28 28 28

28 28 28 28 28 28 28 28 28 28 28 28 28

2828 28

28 28 28 28 28 28 28 28 28 28 28 28 28

28 28 28

28 28 28 28 28 28 28 28 28 28 28 28 28

28 28 28 28 28

28 28 28 28 28 28 28

28 28 28 28
28 28 28 28 28

28 28 28

28 28 28 28 28 28 28 28

28 28 28 28 28 28 28 28

28 282828 28 28 2828 28 28 28 28 2828 28 28

28 28 28 282828 28 2828 28 28 28 2828 28 28 28

28 28 2828 28 28 2828 28 2828 28 2828
28 28

28 28 28 2828 28 28 2828 2828 2828 28 28
28 28

28 2828 28 282828 28 2828 28 28 28 28 28 28

28 28 28 2828 28 28 2828 2828 28 2828 28 28

28 28 2828 2828 28 2828 2828 28 2828 28 28

2828 2828 2828 28 28 2828 28 28 2828 28

2828 2828 282828 2828 28 2828 28 28 28

28 28 28 28 28 2828 2828 28 28 28 2828 2828

28
2828

28 28 28 2828 28 28 28 28 28 28 28

28 28 28 2828 28 2828 2828 28
28 28 28 28

28 28 2828 28 28 28282828 28
28 28 28 28

28 28 28 28 28 28 2828 282828 28 28 28 28 28

28 28 2828 28 28 2828 28 28 2828 28 28 28

29 29 29 29 29 29 29 29 29 29
29 29 29 29 2929

29 29 29 29 29 29 29 29 29 29
29 29 29 2929 29

29 29 29 29 29 29 29 29 29 29
29 29 2929 29 29

29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29

29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29

29
29 29 29 29 29 29 29 29 29 29 29 29 29 29 29

29

29 29 29 29 29 29 29 29 29 29 29 29 29 29 29
29

29 29 29 29 29 29 29 29 29 29 29 29 29 29 29
29

29 29 29 29 29 29 29 29 29 29 29 29 29 29 29

29 29 29

29 29 29 29 29 29 29 29 29 29 29 29 29

2929 29

29 29 29 29 29 29 29 29 29 29 29 29 29

29 29 29

29 29 29 29 29 29 29 29 29 29 29 29 29

29 29 29 29 29

29 29 29 29 29 29 29

29 29 29 29
29 29 29 29 29

29 29 29

29 29 29 29 29 29 29 29

29 29 29 29 29 29 29 29

29 292929 29 29 2929 29 29 29 29 2929 29 29

29
29 29 292929 292929 2929 29 29 29 2929 29 29

29 29 2929 2929 2929 29 2929 29 2929
29 29

29 29 2929 29 29 2929 29 2929 29 29 29
29 29

29 2929 29 2929 29 2929 29 29 29 29 29 29 29

29 29 2929 29 29 29 2929 29 2929 2929 29 29

29 29 2929 2929 29 2929 2929 29 2929 29 29

2929 2929 292929 29 2929 29 29 2929 29 29

292929 29 292929 2929 29 2929 29 29 29 29

29 29 29 29 29 29 2929 29 2929 29 29 29 29 29

29
2929

29 29 29 2929 2929 29 29 29 29 29 29

29 29 29 2929 29 2929 29 2929 29
29 29 29 29

29 29 2929 29 29 29 29292929 29
29 29 29 29

29 29 29 29 29 29 2929 292929 29 29 29 29 29

29 29 2929 29 2929 29 29 2929 29 29 29 29

30 30 30 30 30 30 30 30 30 30
30 30 30 30 3030

30 30 30 30 30 30 30 30 30 30
30 30 30 3030 30

30 30 30 30 30 30 30 30 30 30
30 30 3030 30 30

30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30

30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30

30
30 30 30 30 30 30 30 30 30 30 30 30 30 30 30

30

30 30 30 30 30 30 30 30 30 30 30 30 30 30 30
30

30 30 30 30 3030 30 30 30 30 30 30 30 30 30
30

30 30 30 30 30 30 30 30 30 30 30 30 30 30 30

30 30 30

30 30 30 30 30 30 30 30 30 30 30 30 30

3030 30

30 30 30 30 30 30 30 30 30 30 30 30 30

30 30 30

30 30 30 30 30 30 30 30 30 30 30 30 30

30 30 30 30 30

30 30 30 30 30 30 30

30 30 30 30
30 30 30 30 30

30 30 30

30 30 30 30 30 30 30 30

30 30 30 30 30 30 30 30

30 3030 3030 30 3030 30 30 30 30 3030 30 30

30 30 303030 30 3030 30 30 30 3030 30 30 30

30 30 3030 3030 3030 30 3030 30 3030
30 30

30 30 3030 30 3030 30 30 3030 30 3030
30 30

30 3030 3030 30 30 3030 30 3030 30 30 30 30

30 30 3030 30 30 30 3030 3030 30 3030 30 30

30 303030 3030 30 303030 30 3030 30 30

3030 303030 3030 303030 30 3030 30 30

303030 3030 30 3030 3030 30 30 30 30 30

30 30 30 30 30 30 3030 30 3030 30 30 30 30

30
30 30

30 30 30 3030 3030 30 30 30 30 30

30 3030 3030 30 3030 30 3030 30
30 30 30

3030 3030 30 30 30 303030 30 30 30 30 30

30 30 30 30 30 30 3030 303030 30 30 30 30

30 30 3030 30 3030 30 30 3030 30 30 30 30 30

31 3131 3131 3131 31 31 31 31 31 31 31 31 31

31 31 31 31 31 31 31 31 31 31
31 31 31 31 31 31

31 31 31 31 31 31 31 31 31 31
31 31 31 31 31 31

31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31

31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31

31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31
31

31 31 31 31 31 31 31 31 31 31 31 31 31 31 31
31

31 31 31 31 3131 31
31 31 31 31 31 31 31

31

31 31 31 31 31 31 31 31 31 31 31 31 31 31 31

31 31 31

31 31 31 31 31 31 31 31 31 31 31 31 31

3131 31

31 31 31 31 31 31 31 31 31 31 31 31 31

31 31 31

31 31 31 31 31 31 31 31 31 31 31 31 31

31 31 31 31 31

31 31 31 31 31 31 31

31 31 31 31
31 31 31 31 31

3131 3131 31

31 31 31 31 31 31 31 31

31 31 31 31 31 31 31 31

31 31
31 31 31

31 3131 3131 31 3131 31 31 31 31 3131 31 31

31 31 313131 31 3131 31 31 3131 31 31 31 31

31 31 31 3131 31 3131 31 3131 31 3131
31 31

31 31 313131 3131 31 31 3131 31 3131
31 31

31 3131 3131 31 31 3131 31 3131 31 31 31 31

31 31 3131 31 3131 3131 31 3131 3131 31 31

31 313131 3131 31 313131 31 3131 31 31

3131 31 3131 3131 313131 31 3131 31 31

3131 3131 3131 3131 3131 31 31 31 31 31

3131 31 31 31 31 31 31 3131 31 3131 31 31 31 31

31 31 31
31 31 31 31 3131 31 31 31 31 31 31

31 3131 3131 31 3131 31 3131 31
31 31 31

3131 3131 31 31 31 313131 31 31
31 31 31

31 31 31 31 31 31 3131 313131 31 31 31 31

31 31 31 31 31 3131 31 3131 31 3131 31 31 3131 31 31 31 31 31

31 31 31 3131 31 31 31 31 3131 31

32 3232 323232 32 32 32 32 32 32 32 32 32 32

32 32 32 32 32 32 32 32 32 32
32 32 32 32 32 32

32 32 32 32 32 32 32 32 32 32
32 32 32 32 32 32

32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32

32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32

32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32
32

32 32 32 32 32 32 32 32 32 32 32 32 32 32 32
32

32 32 32 32 32 32 32 32 32 32 32 32 32 32 32
32

32 32 32 32 32 32 32 32 32 32 32 32 32 32 32

32 32 32

32 32 32 32 32 32
3232 32

32 32 32 32

3232 32

32 32 32 32 32 32 32 32 32 32 32 32 32

32 32 32

32 32 32 32 32 32 32 32 32 32 32 32 32

32 32 32 32 32

32 32 32 32 32 32 32

32 32 32 32
32 32 32 32 32

3232 3232 32

32 32 32 32 32 32 32 32

32 32 32 32 32 32 32 32

32 32
32 32 32

32 323232 32 32 3232 32 32 32 32 3232 32 32

32 32 32 323232 32 3232 32 32 32 3232 32 32 32

32 32 3232 3232 3232 32 3232 32 3232
32 32

32 32 3232 32 32 3232 32 3232 32 32 32
32 32

32 3232 32 3232 32 3232 32 3232 32 32 32 32

32 32 3232 32 32 32 3232 32 3232 3232 32 32

32 32 3232 3232 32 3232 3232 32 3232 32 32

3232 3232 3232 32 32 3232 32 32 3232 32 32

3232 3232 323232 3232 32 3232 32 32 32 32

32 3232 32 32 32 32 32 3232 32 3232 32 32 32 32 32

32 32 32
32 32 32 3232 3232 32 32 32 32 32 32

32 32 32 3232 32 3232 32 3232 32
32 32 32 32

32

32 32 3232 32 32 32 32323232 32
32 32 32 32

32 32 32 32 32 32 3232 323232 32 32 32 32 32

32 32 32 32 32 3232 32 3232 32 32 3232 32 3232 32 32 32 32

32 32 3232 3232 32 32 32 3232 32

33 33 3333 3333 33 33 33 33 33 33 33 33 33 33

33 33 33 33 33 33 33 33 33 33
33 33 33 33 33 33

33 33 33 33 33 33 33 33 33
3333 33 33 33 33 33

33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33

33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33

33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33
33

33 33 33 33 33 33 33 33 33 33 33 33 33 33 33
33

33 33 33 33 33 33 33 33 33 33 33 33 33 33 33
33

33 33 33 33 33 33 33 33 33 33 33 33 33 33 33

33 33 33

33 33 33 33 33 33 33 33 33 33 33 33 33

3333 33

33 33 33 33 33 33 33 33 33 33 33 33 33

33 33 33

33 33 33 33 33 33 33 33 33 33 33 33 33

33 33 33 33 33

33 33 33 33 33 33 33

33 33 33 33
33 33 33 33 33

3333 3333 33

33 33 33 33 33 33 33 33

33 33 33 33 33 33 33 33

33 33
33 33 33

33 333333 33 33 3333 33 33 33 33 3333 33 33

33 33 33 3333 33 33 3333 33 33 33 3333
33 3333

33 33 3333 33 33 3333 33 3333 33 3333
33 33

33 33 3333 33 33 3333 3333 3333 33 33
33 33

33 33 3333 33 3333 33 3333 33 33 33 3333 33 33

33 33 33 3333 33 33 3333 33 3333 3333 33 33

33 33 3333 3333 33 3333 3333 33 3333 33 33

3333 3333 3333 33 33 3333 33 33 3333 33

3333 3333 33 3333 3333 33 3333 33 33 33

33 3333 33 33 33 33 33 3333 33 33 33 33 33 33 33

33 33 33
33 33 33 3333 33 33 33 33 33 33 33

33 33 33 3333 33 3333 3333 33
33 33 33 33

33 33 3333 33 33 33333333 33
33 33 33 33

33 33 33 33 33 33 3333 333333 33 33 33 33 33

33 33 33 33 33 3333 33 3333 33 33 3333 33 33 3333 33 33 33

33 33 3333 3333 33 33 33 3333 33

34 34 3434 34 3434 34 34 34 34 34 34 34 34 34 34

34 34 34 34 34 34 34 34 34 34 34
34 34 34 34 34 34

34 34 34 34 34 34 34 34 34 34 34
34 34 34 34 34 34

34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34

34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34

34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34
34

34 34 34 34 34 34 34 34 34 34 34 34 34 34 34
34

34 34 34 34 34 34 34 34 34 34 34 34 34 34 34
34

34 34 34 34 34 34 34 34 34 34 34 34 34 34 34

34 34 34

34 34 34 34 34 34 34 34 34 34 34 34 34

3434 34

34 34 34 34 34 34 34 34 34 34 34 34 34

34 34 34

34 34 34 34 34 34 34 34 34 34 34 34 34

34 34 34 34 34

34 34 34 34 34 34 34

34 34 34 34
34 34 34 34 34

3434 3434 34

34 34 34 34 34 34 34 34

34 34 34 34 34 34 34 34

34 34
34 34 34

34 343434 34 34 3434 34 34 34 34 3434 34

34 34 3434 3434 34 3434 34 34 34 34 34 34

34 34 3434 34 34 3434 34 3434 34 3434
34

34 34 343434 34 34 3434 3434 3434 34 34
34

34 34 3434 34 3434 34 34 3434 3434 34 34 34

34 34 34 3434 34 34 3434 34 3434 3434 34

34 34 3434 3434 34 3434 34 34 34 3434 34

3434 3434 34 3434 3434 3434 34 3434 34

3434 3434 34 3434 3434 34 3434 34 34 34

34 3434 34 34 34 34 34 3434 34 34 34 34 34 34 34

34 34 34
34 34 34 3434 34 34 34 34 34 34 34

34 3434 3434 3434 343434 34
34 34 34 34

34 34 3434 34 34 34343434 34
34 34 34 34

34 34 34 34 34 34 3434 3434 34 34 34 34 34

34 34 34 34 3434 34 3434 34 34 34 3434 34 3434 34 34 34

34 34 3434 34 34 3434 34 3434 34

35 35 3535 35 3535 35 35 35 35 35 35 35 35 35

35 35 35 35 35 35 35 35 35 35 35
35 35 35 35 35

35 35 35 35 35 35 35 3535 35 35
35 35 35 35 35

35 35 35 35 35 35 35 35 35 35 35 3535
3535 35

35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35

35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35

35 35

35 35 35 35 35 35 35 35 35 35 35 35 35 35

35 35

35 35 35 35 35 35 35 35 35 35 35 35 35 35

35 35

35 35 35 35 35 35 35 35 35 35 35 35 35 35

35 35 35 35

35 35 35 35 35 35 35 35 35 35 35 35

3535 35 35

35 35 35 35 35 35 35 35 35 35 35 35

35 35 35 35

35 35 35 35 35 35 35 35 35 35 35 35

35 35 35 35 35 35

35 35 35 35 35 35 35

35 35 35
35 35 35 35 35 35

3535 3535 35

35 35 35 35 35 35 35

35 35 35 35 35 35 35 35

35 35
35 35 35

35 3535 35 35 353535 3535 35 35 35 3535 35

35 35 3535 35 35 3535 3535 35 35 35 35 35

35
35 35 3535 35 35 3535 35 35 3535 35 35

35

35 35 35 3535 35 35 3535 3535 3535 35
35

35 35 3535 35 35 35 3535 35 3535 3535 35 35 35

35 35 35 35 3535 35 35 3535 35 3535 3535 35

35 3535 3535 35 35 3535 35 35 35 35 3535 35

3535 3535 35 353535 3535 3535 35 3535 35

3535 3535 3535 35 3535 35 35 3535 35 35 35

35 3535 35 35 35 35 35 3535 35 35 35 35 35 35 35 35

35
35 35

35 35 35 3535 35 35 35 35 35 35 35 35

35 3535 3535 3535 353535 35 35
35 35 35 35

35 35 3535 35 35 35353535 35 35
35 35 35 35

35 35 35 35 35 35 3535 3535 35 35 35 35 35 35

35 35 35 35 3535 3535 3535 35 35 35 3535 35 3535 35 35 35

35 35 3535 35 35 35 3535 35 3535 35

36 36 3636 36 3636 36 36 36 36 36 36 36 36 36

36 36 36 36 36 36 36 36 36 36 36
36 36 36 36 36

36 36 36 36 36 36 36 36 36 36 36
36 36 36 36 36

36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36

36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36

36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36
36 36

36 36 36 36 36 36 36 36 36 36 36 36 36 36
36 36

36 36 36 36 36 36 36
36 3636

36 36 36 36

36 36

36 36 36 36 36 36 36 36 36 36 36 36 36 36

36 36 36 36

36 36 36 36 36 36 36 36 36 36 36 36

3636 36 36

36 36 36 36 36 36 36 36 36 36 36 36

36 36 36 36

36 36 36 36 36 36 36 36 36 36 36 36

36 36 36 36 36 36

36 36 36 36 36 36 36

36 36 36
36 36 36 36 36 36

3636 3636 36

36 36 36 36 36 36 36

36 36 36 36 36 36 36 36 36

36 36
36 36 36

36 36 3636 3636 3636 3636 3636 36 36 36 36 36

36 36 363636 36 36 3636 3636 36 36 36 36 36

36 36 36 363636 36 36 3636 36 36 3636 36 36
36

36 36 363636 3636 36 36 36 3636 3636 36
36

36 36 3636 36 36 36 3636 36 3636 36 36 36 36

36 36 36 36 363636 36 3636 36 3636 3636 36

36 363636 36 363636 3636 36 36 36 3636 36

36 3636 3636 363636 36 3636 3636 3636 36

3636 36 36 3636 36 3636 36 36 3636 36 36 36

3636 36 36 36 36 36 3636 36 3636 36 36 36 36 36 36

36
36 36

36 36 36 3636 36 36 36 36 36 36 36 36

36 3636 3636 3636 363636 36 36
36 36 36 36

36 36 3636 36 36 36363636 36 36
36 36 36 36

36 36 36 36 36 36 3636 3636 36 36 36 36 36 36

36 36 36 36 3636 3636 36 3636 36 36 3636 36 3636 36 36 36

36 36 3636 36 36 36 3636 36 3636 36

25

T43S R13E T43S R14E T43S R15ET43S R11E T43S R16ET43S R12E T43S R17E T43S R18E T43S R19E T43S R20E T43S R21E T43S R22E T43S R23E T43S R24E T43S R25E T43S R26E

T42S R11E T42S R12E T42S R13E T42S R14E T42S R15E T42S R16E T42S R17E T42S R18E T42S R19E T42S R20E T42S R21E T42S R22E T42S R23E T42S R24E T42S R25E T42S R26E

T41S R11E T41S R12E T41S R13E T41S R14E T41S R15E T41S R16E T41S R17E T41S R18E T41S R19E T41S R20E T41S R21E T41S R22E T41S R23E T41S R24E T41S R25E T41S R26E

T40S R11E T40S R12E T40S R13E T40S R14E T40S R15E T40S R16E T40S R17E T40S R18E T40S R19E T40S R20E T40S R21E T40S R22E T40S R23E T40S R24E T40S R25E T40S R26E

T39S R11E T39S R12E T39S R13E T39S R14E T39S R15E T39S R16E T39S R17E T39S R18E T39S R19E T39S R20E T39S R21E T39S R22E T39S R23E T39S R24E T39S R25E T39S R26E

T38.5S R11E

T38S R12E T38S R13E T38S R14E T38S R15E T38S R16E T38S R17E T38S R18E T38S R19E T38S R20E T38S R21E T38S R22E T38S R23E T38S R24E T38S R25E T38S R26E
T38S R11E

T37S R12E T37S R13E T37S R14E T37S R15E T37S R16E T37S R17E T37S R18E T37S R19E T37S R20E T37S R21E T37S R22E T37S R23E T37S R24E T37S R25E T37S R26E
T37S R11E

T36S R12E T36S R13E T36S R14E T36S R15E T36S R16E T36S R17E T36S R18E T36S R19E T36S R20E T36S R21E T36S R22E T36S R23E T36S R24E T36S R25E T36S R26E
T36S R11E

T35.5S R12E T35.5S R13E

T35S R14E T35S R15E T35S R16E T35S R17E T35S R18E T35S R19E T35S R20E T35S R21E T35S R22E T35S R23E T35S R24E T35S R25E T35S R26E

T35S R13ET35S R11E T35S R12E

T34S R14E T34S R15E T34S R16E T34S R17E T34S R18E T34S R19E T34S R20E T34S R21E T34S R22E T34S R23E T34S R24E T34S R25E T34S R26E
T34S R13ET34S R11E T34S R12E

T33S R14E T33S R15E T33S R16E T33S R17E T33S R18E T33S R19E T33S R20E T33S R21E T33S R22E T33S R23E T33S R24E T33S R25E T33S R26E
T33S R11E T33S R12E T33S R13E

T32.5S R14E T32.5S R15E

T32S R16E T32S R17E T32S R18E T32S R19E T32S R20E T32S R21E T32S R22E
T32S R23E T32S R24E T32S R25E T32S R26E

T32S R11E T32S R12E T32S R13E T32S R14E T32S R15E

T31S R16E T31S R17E T31S R18E T31S R19E T31S R20E
T31S R21E T31S R22E

T31S R23E T31S R24E T31S R25E T31S R26E
T31S R11E T31S R12E T31S R13E T31S R14E T31S R15E

T30.5S R19E T30.5S R20E
T30.5S R16E T30.5S R17E T30.5S R18E

T30S R19E T30S R20E T30S R22E T30S R23E T30S R24ET30S R21E
T30S R25E T30S R26ET30S R11E T30S R12E T30S R13E T30S R14E T30S R15E T30S R16E T30S R17E T30S R18E

T29.5S R19E T29.5S R20E T29.5S R22E T29.5S R23E T29.5S R24E

T29S R18.5E T29S R19E T29S R20ET29S R11E T29S R12E T29S R21E T29S R22E T29S R23ET29S R13E T29S R14E T29S R15E T29S R16E T29S R17E T29S R18E T29S R24E T29S R25E T29S R26E

T28.5S R18E T28S R18E T28S R19E T28S R20ET28S R11E T28S R12E T28S R21E T28S R22ET28S R13E T28S R23ET28S R14E T28S R15E T28S R16E T28S R24ET28S R17E T28S R25E T28S R26E
T28S R17.5E

T27S R17.5E T27S R18E T27S R19E T27S R20ET27S R11E T27S R12E T27S R21ET27S R13E T27S R22ET27S R14E T27S R23ET27S R15E T27S R16E T27S R17E T27S R24E T27S R25E T27S R26E

T26S R17.5E T26S R18E T26S R19ET26S R11E T26S R20ET26S R12E T26S R13E T26S R14E T26S R21ET26S R15E T26S R22ET26S R16E T26S R17E T26S R23E T26S R24E T26S R25E T26S R26E

T25S R11E T25S R17.5ET25S R12E T25S R13E T25S R18ET25S R14E T25S R21ET25S R15E T25S R19ET25S R16E T25S R17E T25S R22ET25S R20E T25S R23E T25S R24E T25S R25E T25S R26E

T24S R13ET24S R11E T24S R14E T24S R16ET24S R15E T24S R22ET24S R12E T24S R17E T24S R18E T24S R23ET24S R21ET24S R19E T24S R20E T24S R24E T24S R25E T24S R26E

T23S R15E T23S R16E T23S R22ET23S R13E T23S R14E T23S R17E T23S R18E T23S R23ET23S R21ET23S R11E T23S R12E T23S R19E T23S R20E T23S R24E T23S R25E T23S R26E

T22S R21ET22S R15ET22S R13E T22S R16ET22S R14E T22S R22ET22S R17ET22S R11E T22S R12E T22S R18E T22S R23ET22S R19E T22S R20E T22S R24E T22S R25E T22S R26E

T21S R18E T21S R21ET21S R13E T21S R19E T21S R20E T21S R22E T21S R23ET21S R11E T21S R24ET21S R12E T21S R15ET21S R14E T21S R16E T21S R17E T21S R25E T21S R26E

T20.5S R18ET20.5S R13E

T20S R19E T20S R20E T20S R21E T20S R22E T20S R23E T20S R24E T20S R25ET20S R11E T20S R26ET20S R12E T20S R13E T20S R14E T20S R15E T20S R16E T20S R17E T20S R18E

T19S R19E T19S R20E T19S R21E T19S R22E T19S R23E T19S R24E T19S R25ET19S R13E T19S R26ET19S R11E T19S R12E T19S R14E T19S R15E T19S R16E T19S R17E T19S R18E

T18S R19E T18S R20E T18S R22ET18S R21E T18S R23E T18S R24E T18S R25ET18S R14ET18S R13E T18S R26ET18S R11E T18S R12E T18S R15E T18S R16E T18S R17E T18S R18E

T17S R19E T17S R20E T17S R21E T17S R22E T17S R23E T17S R24E T17S R25E T17S R26ET17S R13E T17S R14ET17S R11E T17S R12E T17S R15E T17S R16E T17S R17E T17S R18E

T16S R21E T16S R22E T16S R23ET16S R19E T16S R20E T16S R24E T16S R25E T16S R26ET16S R13ET16S R11E T16S R14ET16S R12E T16S R15E T16S R16E T16S R17E T16S R18E

T15.5S R21E T15.5S R22E T15.5S R23E T15.5S R24E T15.5S R25E T15.5S R26E

T15S R18E T15S R19E T15S R20ET15S R11E T15S R12E T15S R21ET15S R13E T15S R14E T15S R15E T15S R22ET15S R16E T15S R17E T15S R23E T15S R24E T15S R25E T15S R26E

ANETH

BLANDING

BLUFF

CASTLE VALLEY

CEDAR

CISCO

CRESCENT JUNCTION

GREEN RIVER

HALLS CROSSING

HANKSVILLE

LA SALLA SAL JUNCTION

LITTLE WATER

MEXICAN HAT

MOAB

MONTEZUMA CREEK

MONTICELLO

SEGO

SUNNYSIDE

TICABOO

WELLINGTON

WESTWATER

WOODSIDE

520000 530000 540000 550000 560000 570000 580000 590000 600000 610000 620000 630000 640000 650000 660000 670000

520000 530000 540000 550000 560000 570000 580000 590000 600000 610000 620000 630000 640000 650000 660000 670000

4100000

4110000

4120000

4130000

4140000

4150000

4160000

4170000

4180000

4190000

4200000

4210000

4220000

4230000

4240000

4250000

4260000

4270000

4280000

4290000

4300000

4310000

4320000

4330000

4340000

4350000

4360000

4370000

4380000

4100000

4110000

4120000

4130000

4140000

4150000

4160000

4170000

4180000

4190000

4200000

4210000

4220000

4230000

4240000

4250000

4260000

4270000

4280000

4290000

4300000

4310000

4320000

4330000

4340000

4350000

4360000

4370000

4380000

S C A L E

Intrepid Potash
workings

I N D E X    M A P

2

3

5

8

11


	ABSTRACT
	INTRODUCTION
	Location of Study Area
	Background
	Purpose and Scope of Project
	Previous Studies

	GENERAL GEOLOGY
	METHODS
	RESULTS
	RECOMMENDATIONS
	ACKNOWLEDGMENTS
	REFERENCES
	ADDITIONAL REFERENCES
	Figure 1. Paradox Basin location map (after Raup and Hite, 1992).
	Figure 2. Regional stratigraphic column (from Hintze and Kowallis, 2009; used with permission).
	Figure 3. Detailed salt stratigraphy (after Morgan and others, 1991).
	Table 1. Paradox Formation salt cycle and interbed thickness statistics.
	Table 2. General log responses and characteristics of evaporite rock sequences.
	Table 3. Drill data categories used in this study.



