APPLICATION FOR PERMIT

UNDERGROUND COAL MINING.

Garfield County, Utah

S L Davies Coal Mine

Transportation - Marketing - Management ] ’%"
Date 7 /

] / H. SAM NESLEN
| Consultant

1492 East 1200 South
801-298-3459 Bountiful, Utah 84010

GARFIELD COAL COMPANY

r . MARK K. BoyYLE
ATTORNEY AT LAW
AMERICAN TOWER, SUITE I506 S.
44 WEST BROADWAY
SALT LAKE CITY, UTAH 8410}

(801) 364-051|

Submitted to:

T e State of Utah
DEPARTMENT OF NATURAL RESOURCES
DIVISION OF OIL, GAS, AND
MINING
Salt Lake City, Utah

~ DIVISION OF
OILGAS & MINING

l ! - Submitted by:
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I certify under penalty of law that I have personally
examined and am familiar with the information submitted
in this application and all attachments that, based on
my inquire of those persons immediately responsible for
obtaining certain information in this permit application,
I believe the information is true, accurate and correct.
I am aware that there are significant penalties for
submitting false information, including the possibilty
of fine and imprisonment.

/ﬂ///,//?;//;___‘ K-zo- 5/

Alfr L. Foster, President Date
GARFIELD COAL COMPANY
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Garfield Coal Company

Coal Mining - “Dedicated To A Clean Environment”

Star Route
Panguitch, Utah 84758
(801) 834-5227
Fax {801) 834-5304

Facility Name

GARFIELD COAL COMPANY, a Utah Corporation

Facility Contact

Al Foster, President
801-~-834-5227

- Facility Location

T.36S, R.2W

1.~ NONE OF THE PROPOSED MINING WILL BE ON INDIAN LANDS.

2.- THE 42 YEAR CHRONOLOGICAL HISTORY, SUPPORTED BY EVIDENCE
SUPPORT DOCUMENTS SHOWS PRE-EXISTING RIGHTS FOR THE DAVIES
COAL MINE.

3.- NOTICE OF INTENT TO MINE WAS FILED ON MARCH 27, 1982.
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Garfield Coal Company

Coal Mining - “Dedicated To A Clean Environment”
Star Route
Panguitch, Utah 84759
{801) 834-5227
Fax (801) 834-5304

STATEMENTS BY APPLICANT

Applicant does not now hold or has had a previous
mining permit subsequent to 1970.

Applicant has never had a Federal or State mining
permit suspended or revoked.

Applicant has never forfeited a mining bond or similar
security deposited in lieu of bond.

Applicant has had no administrative or judicial
proceedings, what-so-ever.

Applicant has no other licenses or permits connected
with this application.

Applicant states this mine and State Coal Lease is
not in an area designated unsuitable for underground
mining or the surface effects there-from.

Applicant states mining will be by continuous miner
with continuous haulage system. Estimated first year
production 25,000 ton low and 50,000 ton high.

Mine will operate with one section having one production
shift per day and one maintenance shift.

Large ,production is not projected - mining for local
consuﬁtion only. Two small co-generation plants are
projected, one in Escalante Utah and one in Panguitch
Utah utilizing the major part of coal production.

Federal Energy requlatory permits for these co-generation
plants were issued in November 17, 1987. Docket # QF87-
576-000 and #QF87-577-000 to Escalante - Panguitch Micro
Enerqgy Co-Generation Inc. (Not affiliated with Garfield
Coal Company) NO PROTESTS OR PETITIONS TO INTERVENE HAVE

/4// 20—

FIELD COAIL COMP
red L. Foster, President
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COUNTY: ariic

TYPE OF PROJECT: Proposed Coal Mine
PROJECT NAME: Davies Mine oGM File #  ACT/0i/non
Garfield Coal Co.

COMPANY : 3455 5. State, OLC, Ut. 8hiil

LOCATION: Vicinity of Bryce Canyon T 36 S R 2 W

RESOURCE BASE: Not Available RESOURCE CHARACTERISTICS:

In Place Reserves: BTU:

Recoverable Reserves: Sulfur:

Coal Field: Kaiparowits Not Available
PRODUCTION EMPLOYMENT TECHNOLOGY:

YEAR (MMT) CONSTRUCTION  OPERATIONS

1980 Underground

1981

1982

1983

1984 .

1985 LEASE ACREAGE:

1986 Not Available

1987 Private

1988 State

1989 Federal

1990 Total Acres

DEVELOPMENT STAGES:

1 2 3 4 5 6 7 8
m il
LACGHIRIID O G M| EHPDC PRO MPS MPA CcC ce
CURRENT STATUS: lnactive

COMMENTS:

Mine plan previously submitted to OGM.

Would have to return to stage two for development.

79

Currently on 1nactive list.
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STATE OF UTAH

NORMAN H. BaANGERTER OFFICE OF THE GOVERNOR
GOVERNQR SALT LAKE CITY
g4114

December 23, 1989

Mr. Alfred Foster
Garfield Coal Company
Bryce Canyon, Utah 84717

Dear Mr. Foster:

I would like to take this opportunity to acknowledge your efforts to develop
coal reserves in (Garfield-County, Utah. Development is important to our rural
aregs and to the wise uea of our state’s most valuable resources.

. Garfield County also containg some of the most spectacular scenery in the
‘world; ecenery which supports a growing tourist industyy. With wise planning,
' this area can support concurrent growth in both industries. I encourage you to
work clossly with the Division of Oil, Gas, and Mining, and other federal, state,
' and local agencies as you plan and permit this operation, Those agencies will give

your proposal a timely and equitable review.

Again, thank you for your interest in the development of Utah's resources
and the growth of our rural industries.

Sincerely,

iniare M, ozt

Norman H. Bangerter
Governor

NHB;clg



COUNTY COMMISSION GA R F I E L D CO U N TY Tom Simkins, Assessor

Patrick B. Nolan, Attorney

Tom Hatch .
Sherrell Ott ® AnTiMonY Mamie D. Hatch, Recorder
Louise Liston BOULDER Judy Henrie, Treasurer
Hazel Rich, Clerk PANGUICH ESCALANTE Robert Judd, Sheritf
HA 'ROP‘C John W. Yardiey, Justice of the Peace

CANNONVILLE 11CABOC
HENRIEVILLE

P.0. BOX 77
PANGUITCH, UTAH 84759

February 7, 1990

Mr. Leonard Decker
Decker Coal Company

Reference: GARFIELD COAL CO.

Dear Mr. Decker:

This letter is to confirm that Garfield County will construct
the road which we have discussed into the coal mine, consisting  of
a six (6) inch gravel base sealed with permazyme.

wd

Should you need any further information please feel free to call

R

Very truly yours, . :

Sty EF

Sherrell Ott
Garfield County Commissioner

SO/pj
pc: file



1920's

1950's

1951

1952

1960

1966

CHRONOLOGICAL HISTORY

OF THE "DAVIES COAL MINE".

GARFIELD COUNTY UTAH

Mr. Jack Pollock mined coal in the "Jimmie
Canyon" area, across the canyon, westerly, from
the DAVIES COAL MINE. Coal mined was for local
consumption by team and wagon.

Mr. Byron Davies, a local well known Geologist,

Mr. Bert Abel, financier, and Mr. J.D. Stack,Vice
President Denver & Rio Grand Railroad formed the
BRYCE CANYON COAL & COKE COMPANY, Cannonville, Utah.
They envisioned bringing in the railroad from
Marysvale Utah to haul the coal from the DAVIES
COAL MINE, but the death of Mr. Stack stopped the
railroad idea. Byron Davies and Mr. Abel persisted
in the mine preparation and road building work,
evidenced by their many checks written in the 1950's
on the UTAH FIRST NATIONAL BANK of Salt Lake City.

Their check #1032 dated July 15, 1952 was one of

the first checks to the STATE OF UTAH for royalty
payments at 12.5% on 12 tons of mined coal, in the
amount of $6.00. In those days $6.00 was a great
deal of money, as well as the $10,000 spent on the

coal mine, installing the chute, generator, explosives,

and other items found within their check-book.

Mr. Wallace Ott of Tropic Utah purchased into the
BRYCE CANYON COAL & COKE COMPANY on August 15, 1951
for $206.00 with a 60 day post dated check, until

he so0ld a cow to raise the money. (Of course Mr.
CRANDEL at the First State Bank of Salina would have
honored the check, and everyone knew this)

By this time, Byron Davies and Frank Shakespear had
driven two "entries" into the coal out crop, some

85 feet, Easterly, mining over 100 tons of good coal.
Mr. Abel had to drop out of the company.

The road to the mine was a constant problem due to
the run-off waters, and having no culverts and

our now modern equipment, it became a costly problem
for the Company.

In this remote area, so to speak, survey pegs were
very hard to find. Wallace Ott found a survey peq,
and they determined just where they were, and filed
the present UTAH STATE COAL LEASE,



1966

1974

1977

1980

1982

Todate

CHRONOLOGICAL HISTORY

OF THE "DAVIES COAL MINE".

Continued

Byron Davies and Al Foster, being associated in

the mining of Bentonite, teamed up to get the

DAVIES COAL MINE into a better production picture.
Foster brings in heavy equipment such as a D-8 Cat

and #6 Traxcavator, and once again up grades the

road up to the mine. About 100 tons of coal was mined
still mining the "hard way”.

At the direction of the COUNTY COMMISSION, the
County Road Crew pitched in and helped on the
mine road because local people were wanting coal
for the winter. Approximately 300 tons were mined
for local consumtion.

With Byroh Davies health a problem, Foster & Davies
travel to Salt Lake City and form GARFIELD COAL COMPANY,
a Utah Corporation to obtain fresh financial help.
GARFIELD COAL COMPANY was all ready to begin larger
operations, when the Environmentalists protested the
proposed ALTON strip mining project, near BRYCE CANYON
NATIONAL PARK. The protestors drew a circle around

the PARK which also took in our DAVIES underground

coal mine.

The strip mining project at ALTON lost its case, and
the SECRETARY OF THE INTERIOR ruled that the DAVIES
COAL MINE was indeed acceptable for underground coal
mining near the PARK because we are so totally hidden
from view on Utah State Land. GARFIELD COAL COMPANY
lost an overseas coal contract due to the Environmental
protest on a mining operation not remotely connected

to the DAVIES MINE.

GARFIELD COAL COMPANY continues further development of
the DAVIES COAL MINE with a $7,505.00 contract to Lyman
Construction Company and files their NOTICE OF INTENT
TO MINE ON March 27, 1982.

Financial and other preparations proceeding on schedule.
This 42 year history, supported by evidence of support
documents shows PRE-EXISTING RIGHTS for the DAVIES COAL

W/zf

FIELD COAL COMPANY
fred L.. Foster, President
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Cannonville, Utah
August 15, 1951

To Whom It May Concern:

This agreement, dated. the 15th of August, 1951, by
and between Byron DaVleS, Cannonvillie, Utah, and VWallace
Ott, Tropiec, Utah.

Witnesseth:

Whereas, I Byron Davies do own 32% of the Bryce Canyon
Coal and Coke Company, the principal asset of this company
being Federal Coal ieazse S, L, Serial Number 064862, located
in Townshi 36 5 uth Renge 2 West, Salt iake Bage herldlan.
S Aa) S b 5,;,;/,.,, 28w I WEE Gun Fg '7},Ja,,,(--
Jhereas, I Byron Devies, for $10,00 (Ten Doliars) and
other good and valuable considerstions do hereby sell, assign
and convey to Wallace Ott 10% (ten per cent) of stock and .
assets in the Bryces Canyon Coal and Coke bompany. This said
10% equals 10/392 of Byron Davies' interest in the Bryce
Canyon Coal and Coke Company.

/@fw Ltreeey

State of Utah )
County of §ZZf§£££2£é€n__

On this 15th day of August, 1951, before me personally appeared
Byron Daviesto.me known to be the person described in and who
executed the foregoing instrument and acknowledged that he
executed the same &s his free act and deed,

Given uner my hand and official seal this ‘/C: ;E

7

4? W/?é xR
N/ A AP

My commicsion expires Notary I'ubliec

4-)7~59 Residi{: tWaZé%/

/ ——
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BoyvyLE & BoyLrE
ATTORNEYS AT LAW
SWITE 400
1O BITOADWAY BUILDING
MARK K. BOYLE SALT LAKE CITY, UTAH 84101
MICK BOYLE (801 363-3550

March 3, 1982

Lincoln Lyman
Escalante, Utah

Re: Garfield Coal Company

Dear Lincoln:

This will confirm our telephone conversation of
this date supplementing a previous conversation last week
regarding the earth moving work you have discussed with Al
Foster on behalf of Garfield Coal Company.-

Al has indicated to you, generally, what we have
in mind with regard to the access road and the work in and

about the face of the mine and the plateau area around the
face.

You advised that your cat work will be on the basis
of $90.00 per hour and that will include a rough road to the
face, the work around the face and the plateau area, which you
estimate to be between $8000 and $10000 total, even though
these estimates are rough, either on the low or the high side.

I indicated that we have approximately $5,600 in
the bank committed to this project, and we agreed that before
you get to an expenditure of $5,000, you will contact us to
determine what future expenditures are required. It is our
understanding that you will be in a daily contact with Al so
that we will all be apprised as to how the project is progressing.

You indicated that you will be able to start either
March 5th or the weekend of March 5th, and that you should be in

a position to give us a report within ten days from vour start-up
time.

By copies of this letter to Al Foster and the other
members of the Board of Directors, we are hereby committing the
Garfield Coal Company to the project outlined above.

Best regards,

— /
/ S

. <
/u-;,__‘ ! Y {’) 1./ | E—
4
MKB/mr / Mark K. Boyle-
cc- Al Foster ’
Larry Mills
Sam Neslen



Tractor Service

Cat and Backhoe

Lincoln Lyman Construction (Co., Tuc.

Phone 826-4299

Escalante, Utah 84726

3OYLE & BOYLE

SUITE %00

10 BROADWAY DUILDING

Ne¢

SALT LAXE CITY, UTAH

84101

2840

Concrete Work

Trucking
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BoyvyLE & BovyLE
ATTORNEYS AT LAW

SUITEL a0

10 BROADWAY BIUILODING
GALT LAKEC CITY. UTAH 84101
MAKEK M e |
MICK BOYLE (801) 363 3550

April 9, 1982

Lincoln Lyman

% Lincoln Lyman Construction Company
Escalante, Utah 84726

Dear Lincoln:

Enclosed is Garfield Coal Company's check No. 26
in the amount of $7,505.00 representing payment in full for
the road and portal work you did for that company beginning
March 4th and ending March 22nd, 1982. This is in payment

of the invoice submitted to Boyle & Boyle, a copy of which
is enclosed herewith.

It is my understanding that this is full payment
for the entire job which we authorized and which you have

completed.
Very truly vyours,
Mark K. Bovyle
MKB/mr
Enclosure

cc: Larry Mills
Sam Neslen
Al Foster
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[C NOTICES
E PEOPLE MUST KNOW'

yuardianship Notices '
o District Court or the ' ‘/
; for further information. =%

U.S.DEPARTMENT
OF INTERIOR
OFFICE OF
SURFACE MINING
Notice of Receipt of a
Complete Petition for
Designation of Lands as
Unsuitable for Surface
Coal Mining Operations
AGENCY: Office of
Surface Mining

Reclamation and En-

forcement
ACTION: Notice of
Receipt of a Complete
Petition for Designation
of Lands as Unsuitable
for Surface Coal Mining
Operations
SUMMARY: Pursuant to
Section 769.16 of Title 30,
Code of Federal
Regulations, notice is
given that the Office of
Surface Mining. has
received a petition to
designate certain Federal
lands in southern Utah as
unsuitable for mining.
The petition is described
below:

LOCATION OF LANDS

PETITIONED FOR
DESIGNATION

Petitioners: En-
vironmental Defense

Fund, Friends of the
Earth, Sierra Club Legal
Defense Fund, Sylvan
Johnson, Leon Lippincott,
Caroline Lippincott, Jet

Mackelprang,  Cynthia
Myers, Susan Hittson and
Larry Little

State: Utah

Counties: Kane and
Garfield

Township, Range, Sec-
tion: The federal lands
within Salt Lake
Meridian, Utah
T.40S, R.6W, S.L.M.
T.408, R.5W, S.L.M.
T.40S, R.4¢-%W, S.L.M.
T.40S, R.4W, S.L.M.
T.39S, R.6W, S.L.M.
T.39S, R.5W, S.L.M.
T.39S, R4%W, S.L.M.
T.39S, R4W, S.L.M.
T.38S, R4W, S.L.M.
T.38S, R.3W, S.L.M.
T.37S, R.4W, S.L.M.
T.37S, R.3W, S.L.M.

pubuic  hearing is
planned for late Sep-
tember 1980, notice of
which will be given prior
to the hearing. A decision
on the petition will be
made by November 28,
1980.

This notice is issued at
this time for the con-
venience of the public.
The public file on the
petition is available for
public review during
normal working hours at
the Division of State and
Federal Programs, Of-
fice of Surface Mining,
Region V, second floor,
Brooks Towers, 1020 15th
Street, Denver, Colorado
and at the Kanab
Resource Area
Headquarters, Bureau of
Land Management, 320
North 1st East, Kanab,
Utah.

Copies of the petition
are available to the public
from the Office of Surface
Mining, Region V.
Relevant information and
comments on the issues
raised in the petition are
solicited.

FOR FURTHER IN-
FORMATION CON-
TACT:

Barbara J. West, Office
of Surface Mining,
REGION V, Brooks
Towers, 1020 15th Street,
Denver, Colorado 80202.
SUPPLEMENTAL IN-
FORMATONI:

Under Section 522 of the
Surface Mining
Reclamation and Control
Act of 1977 and its im-
plementing regulations,
persons with interests
which are or may be
adversely affected by
surface coal mining
operations may petition
the Office of Surface
Mining to have an area
desiganted as unsuitable
for all or certain types of
surface coal mining
operations. In the petition
submitted to OSM, the
petitioners allege that (1)
the lands in question
could not be reclaimed in
accordance with the
requirements of the Act;
(2) surface coal mining
operations could result in
significant damage to

(SOOI fama [PPORR

Garfield
Township, Range, Sec-
tion: The federal lands
within Sait Lake
Meridian, Utah
T.40S, R.6W, S.L.M.
T.40S, R.5W, S.L.M.
T.40S, R.4-%.W, S.L.M.
T.40S, R.4W, S.L. M.
T.39S, R.6W, S.L.M.
T.39S, R.5W, S.L.M.
T.39S, R.4-%.W, S.L.M.
T.39S, R.4W, S.L.M.
T.38S, R.4W, S.L.M.
T.38S, R.3W, S.L.M.
T.37S, R.4W, S.L. M.
T.37S, R.3W, S.L.M.
T.37S, R.2W, S.L.M.
T.36S, R.3W, S.LLM.
T.36S, R.2W, S.L. M.
ice of Surface
Mining Reference

‘Number: 79-5-001

The petition, filed
under Section 522 of the
Surface Mining Control
and Reclamation Act of
1977, seeks to have
specified Federal lands in
the area of Bryce Canyon
National Park and the
Dixie National Forest
declared as unsuitable for
mining. The petition was

" submitted to the Office of

Surface Mining on
November 28, 1979 and
was found to be complete
on December 27, 1979.

A review of the area’s
suitability for mining has
been un
ertaken by this office. In
addition, the Bureau of
Land Management —
Utah State Office and the
Utah Regional Forester
— United States Forest
Service as the surface
managing agencies for
the petitioned area will
make recommendations
on the petition.

/

adversely attecled by

surface coal mining

operations may petition

the Office of Surface

Mining to have an area

desiganted as unsuitable

for all or certain types of

surface coal mining

operations. In the petition

submitted to OSM, the

petitioners allege that (1)

the lands in question

could not be reclaimed in

accordance with the

requirements of the Act;

(2) surface coal mining

operations could resuit in

significant damage to

important historic,

cultural, scientific, and

aesthetic values and

natural systems of fragile

lands; and (3) such

operations could result in
a substantial loss or
reductin of long-range
productivity of water

supply or of food or fiber

products, including
damage to aquifers and
aquifer recharge areas of
renewable resource
lands. The proximity of
mineable coal lands to-
Bryce Canyon National
Park and the Dixie
National Forest and the
possible adverse affects
of mining on the Park and
Forest are of particular
concern to the
petitioners.

After completion of the
analyses and hearing
mentioned above, the
Department can
designate the area or a
portion thereof as un-
suitable for all or certain
types of surface coal
mining operations (which
includes the  surface
effects of underground
mining). The agency may
also find the area as
suitable for surface coal
mining operations.

Information on which to
base analyses of the
issues raised by the
petitioners is being
sought from all interested
parties.

Donald A. Crane
Regional Director

Published in the

Garfield County News

Jan. 31, Feb. 7, 1980.




United States Department of the Interior

OFFICE OF SURFACE MINING

lamation and Enforcement
Rec BROOKS TOWERS

1020 15TH STREET
DENVER, COLORADO 80202

OFFICE OF THE REGIONAL DIRECTOR

January 16, 1980

Alfred and Leda Mae Foster
c/o James 0. Thomas
Tropic, UT 84766

Dear Mr. and Mrs. Foster:

l The Office of Surface Mining (0OSM) has received a petition to designate
specified Federal Tands in the Alton-Bryce Canyon area as unsuitable for

‘ surface coal mining operations. Because our records indicate that you are

an owner of interest in the area covered by this petition, we are sending

you this information so that you will know about the petition process and
how you can participate in it.

The petition is described below:

Petitioners: Environmental Defense Fund, Friends of the Earth,

Sierra Club Legal Defense Fund, Sylvan Johnson, Leon
Lippincott, Caroline Lippincott, Jet Mackelprang,
Cynthia Myers, Susan Hittson, and Larry Little.

State: Utah

Counties: Kane and Garfield

Location: Al1 Federal lands within the following townships:

T.40S, R.6W; T.40S, R.5W; T.40S, R.4-1/2W, T.40S,
R.4W, T.39S, R.6W; T.39S, R.5W; T.39S, R.4-1/2W;
T.39S, R.4W; T7.38S, R.4W; T.38S, R.3W; T.37S,
R.4W; T.37S, R.3W; T.37S, R.2W; T.36S, R.3W;

and T.36S, R.2W; Salt Lake Meridian (S.L.M.), Utah.

Office of Surface
Mining Reference
Number: 79-5-001

The petition, filed under Section 522 of the Surface Mining Control and

Reclamation Act, was submitted to this office on November 28, 1979. It
was found to be complete on December 27, 1979.
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GARFIELD COAL COMPANY
Attention: A.L.. Foster
Star Route

Panguitch, Utah 84759
(801) 834-5227

United States Department of the Interior
Office of Surface Mining

Reclamation and Enforcement

Brooks Towers

1020 15th Street

Denver, Colorado 80202

Attention: Donald A. Crane, Regional Director:

RE: Notice of receipt of a

complete petition for designation

of lands as unsuitable for Surface

Coal Mining Operations. Ref: #79-5-001

Dear Mr. Crane,

We have received your letter of January 16, 1980,
and have noticed the publication of the above mentioned
protest in the GARFIELD COUNTY NEWS, January 31, 1980.
Garfield Ccal Company (A Utah Corporation) is an interested
party in this Environmental petition because of our mining
property located in T.36S, R.2W, under Utah State Coal
Lease #23331. Our mining operations have been, and would
be in future operations, strictly underground mining in the
Straight Cliffs geoclogical formation, and more specifically
the "Henderson Coal Zone" near the town of Henrieville, Utah.
More specifically we are located in the "Kaiparowits Platcau
Coal Field". We are in fact, directly East approximately
twenty miles from BRYCE CANYON NATIONAL PARK.

It is our belief the Petitioners are more concerned
with the surface mining of coal found within the "Kanab Coal
Field" which is bounded on the East by the Paunsaugunt Fault
and on the West by the Sevier Pault. Locally, we call this
'Dakota Coal' because it i1s found within the Dakota Formation
and in many cases can be surfaced mined. In the Petitioners'
efforts to protect our environment and the area around BRYCE
CANYON NATIONAL PARK, they undoubtedly drew a circle around
the Park, and protested a blanket area of land. 1In doing so
they most assuredly took in our property, in which, we are
endeavoring a minimum ten million dollar investment program,
and now is hanging in the balance, until this petition is
adjudicated! We find, after this petition, we are unable to
answer the "Proposal Solicitations” from the Department of

Energy, as indeed, we are on their 'Source List' for development
of our Nations' coal fields which is the intent of our National

Policy towards cnergy independence.
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GARFIELD COAL COMPANY

PAGE_TWO

We ask your office to be fully aware of the
following salient features of any and all operations
that would be factual in the mining operations of our
property;

1. Our mining methods would only be underground
in the 'Straight Cliffs Formation' with 800
to 1000 feet of over-burden over our mine.

2. Any resultant surface indention would be
absolutely impossible to see or notice,
especially from BRYCE CANYON NATIONAL PARK.

3. It is impossible for people to notice or see
visually any of our mining operations on the
mining site. We are located approximately three
miles from the main highway #12, hidden completely
in 'Jimmie Canyon'.

4. Trucks hauling our coal would be seen by the
public, however, for the past twelve years
similar large trucks have hauled oil from the
"Upper Valley' oil field over the same highway
#12 we would be utilizing, with no adverse affects.

5. Our underground operations would not create a
substantial loss or reduction of long range
productivity of water supply or of food or fiber
products.

6. Our mining operations would not damage important
historic, cultural, scientific, and aesthetic values
and natural systems of fragile lands.

7. Our start-up operations will only be con Utah
State Coal Lease #23331. At some future date
it is entirely possible for us to become involved
on TFederal Land.

8. Almost as long as BRYCE CANYON NATIONAL PARK has
been in Garfield County (1923), Tourism and the
hauling of timber (logs) on our highways in and
around the PARK have been compatible with one another.

9. Attached are signatures of many of our leading
citizens who have signed a petition endorsing the
mining of coal in Garfield

We are happy to participate in this process and trust we have
submitted relevant information which should be considered by
your office.



GARFIELD COAL COMPANY

v

PAGE THREE

very truly yours,

il L AT

ed L. Foster, President
G FIELD COAL COMPANY
Star Route
Panguitch, Utah, 84759
(801) 834-5227

March 19, 1980



United States Department of the Interior

OFFICE OF SURFACE MINING

Reclamation and Enforcement
BROOKS TOWERS

1020 15TH STREET

DENVER, COLORADO 80202
OFFICE OF THE REGIONAL DIRECTOR

28 MAR 1980

Mr, Alfred L. Foster
Garfield County Coal Company
Star Route

Panguitch, Utah 84759

Dear Mr. Foster:

Thank you for your detailed and informative letter. We appreciate your
concerns and will most assuredly consider your comments in our analysis
of the allegations in the petition.

The petition concerns itself only with Federal lands (that is, Federal
coal and/or Federal surface) so that your operations on State lands will
not be affected by the decision on the petition. Perhaps I should
explain that the Secretary of Interior's decision on the petition will
not necessarily be one of declaring the area unsuitable for all mining
or of rejecting the petition in its entirety. He can, for example,
find the area unsuitable for surface mining methods but acceptable for
underground mining. He could also find the area unsuitable for mining
visible from Park but allow mining on those Federal lands where the
mining activities (ventilation, shafts, portals, etc.) could not be
seen.

We are working with other Federal agencies to balance the competing
resource values which have been raised in the petition. Your comments
will assist us in that analysis. We hope that you will participate in
the public hearing to be held in late September. If you have any
further questions or would like to make us aware of any further infor-
mation, please do not hesitate to contact me.

Sincerely,

DONALD A. CRANE
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PUBLIC SCOPING MEETING
on the

EVALUATION OF A PETITION TO DESIGNATE CERTAIN rEDERAL
LANDS UNSUITABLE FOR COAL MINING IN SOUTEHERN UTAEH

TRANSCRIPT O PROCEEDINGS

t

Red Hills Motel Convention Center, Kanab, Utah

REPORTED BY: Carilee Beus

DATE: May 6, 1980

DAVIS & SANCHEZ

Your Professional Reporters
812 BOSTON BUILDING * SALT LAKE CITY, UTAH 84111

{801) 363-7939
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144

Utah, which would be examined and which were favorable
for development and unfavorable for development. We went
through every lease of the State and I gave the environmen-

talist viewpoint on each of those leases and when the

Shakespear mine came up, I indicated that the environmen-

r

talist could not oppose the Shakespear mine because it

was a small mine. It was meant for local uses and 1t

B
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was a deep mine and I still feel very strongly about

< den oo AT
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that alt hough it is inside the boundary lines of thls

o v o rine
R O —, v e e
e oo e e S

petitioned area.

I think it's very important to point out at this
time these boundary lines were made for townships, it

is & gerneral area and Friends of the Earth is. not going

-

to oppose the oevelopment of the Shakespear mlne. If
© e e ST e P ————————

you have any trouble from env1ronmentallsts opp051ng

that mine, I want to hear about it 'cause we're not

s

going to allow any road blocks in the way of the develop—
T

et et L e A £ T e s, et

ment of small mines, smqll underground mines in the

..... ——

State of Utah. That's a promise. I'm going to keep that

SR e “ s DU

to you, because coal mining is something that I do get
involved with in the State of Utah. I don't want the
entire area, put everything in the wilderness system
and not allow any mining at all. That's not true. The
Shakespear mine is a noteable exception. It is a small

mine. It employs a dozen miners. It does serve an

DAVIS & SANCHEZ, 200 BOSTON BLDG . SALT LAKE CITY, UTAH 84111 (8011 363.7939



<::::;;;: UMC 79%, SMALL QOFERATOR ASSISTANCE FROGRAM:

Garfield Coal Company

Coal Mining - “Dedicated To A Clean Environment”

Star Route
Panguitch, Utah 84759
(801) 834-5227
Fax (801) 834-5304

MaRCH 27, 1982

STATE OF UTAH

DEFARTMENT OF NATURAL RESOURCES
DIVISION OF OIL, GAS, AND MINING
1588 WEST NORTH TEMFLE

S4LT LAKE CITY, UTAH 84116

.

CENTLEMEN,;

GARFIELD COAL COMPANY HEREERY INFORMS YOUR DIVISION OF OQUR INTENMT
TO FILE A MINING PERMIT APFLICATION ON OUR UTAH STATE COAL LEASE
#323331, LOCATED IN GARFIELD COUNTY, TO-WIT: NORTHEAST QUARTER OF
NORTHEAST QUARTER OF SECTION THIRTY-SIX, TOWNSHIF THIRTY SIX
SOUTH, RANGE TWO WEST, SALT LAKE MERIDIAN, CONTAINING A TOTAL QF
FORTY ACRES, MORE OR LESS.

THE NAMES AMD ADDRESSES OF THE OFFICERS AND STOCKHOLLDERS OF
GARFIELDY COAL COMPANY (A UTAH CORFORATION) ARE AS FOLLOWS:

ALFRELD L. FOSTER, PRESIDENT, 24 1/2 FERCENT OWNERSHIF, STaAR
ROUTE, FANGUITCH, UTAH, 84759, TELEPHONE 834-5227., (DIRECTOR)

LAURENCE MILLS, VICE FRESIDENT, 17 FERCENT OWNERSHIF, 77
EOGECOMBE DR. SALT LAKE CITY. (LDIRECTOR)

MARK K. BOYLE, VICE FRESIDENT {(LEGAL), 17 FERCENT OWNERSHIF.
10 BROADWAY ELIG., SUITE 400, SALT LAKE CITY, UTAH 84101,
(DIRECTORD

SAM NESLEN, SEC/TREASUREFR, 17 FERCENT OWNERSHIF, 1492 EAST
1200 SOUTH, BOUNTIFUL, UTAH 84010, (DIRECTOR)

GARDA DAVIES, STOCKHOLDER, CANNONVILLE, UTAH, ZC FERCENT
OWNERSHIF.

WALLACE OTT, STOCKHOLDER, TROFIC, UTAH, 4 1/2 FERCENT
OWNERSHIF.

GARFIELD COAL COMFANY WILL BE THE POTIENTIAL FERMIT AFPLICANT,
ALTHOUGH AT SOME FUTURE DATE A QUALIFIED OPERATOR COULD, IN FACT,
BRE CONTRACTEL EBY OUR CORFORATION, UFON AFFROVAL OF THE EBOARD OF
OIRECTORS.

OUR ESTIMATED' FRODUCTION FOR YEAR ONE, IS 135,000 TFY: YEAR TWO
IS 35,000 TRPY, AND YEAR THREE IS S0,000 TFY; THEREFORE, OUR
FROUGUCTION OF COAL WOULD NEVER EXCEED 100,000 TRY LDURING ANY YEAR

OF MINING UNDER A SMALL OFERATOR ASSISTANCE FROGRAM, (S0AF).

WE REGUEST ASSTSTANCE UNDER THE S0aAF FROGCRAM IN THE TVENT YOUR



TIVISION WOULD EXTENSIVELY REGUIRE:

(&3  THE DETERMINATIONM OF THE FROBABLE HYDROLOGIC
IONGEQUERNCES OF MINING AND RECLAMATION, UNDER SECTION 40-10-14
(23 (C) OF THE ACT: AND

iE)  THE STATEMENT OF FHYSICAL aND CHEMICAL ANALYESES OF TEST
BORINGS OR CORE SAMFLES, UNDER SECTION 40-10-10 (23 (0) OF THE
ACT

IN-WHERE, THE ANSWERS TO (A) AND (B} AROVE BECOME S50 INVOLVED, A
SIZEABLE FINARCIAL OQUTLAY WOULD EBECOME NECESSARY.

I BRING TO YOUR ATTENTION, YOUR DIVISION ACCOMFLISHED HYDROLOGY
FIELD WORK ON QUR "DAVIES-FOLLOCE MINE™ SOME TWO OR THREE YEARS
AGO, AND FOUND WE WOULD NOT DAMACE THE HENRIEVILLE CULINARY WATER
SYSTEM. I AM SURE ¥0OU ARE AWARE OF THE SEVERAL COMFREHENSIVE,
IN-DEFTH STUDIES REGARDING WATER RESOURCES, GECLOGY, TOFOCRAFHY,
PALEONTOLOCY , VEGETATION, THREATENED OR ENDANGERELD FLANTS
WILDLIFE,; LAND USE, SOCIOECONOMICS, TRANSFORTATION FACILITIES,
CULTURAL RESOURCES, SFECIAL DESIGNATION AREAS, VIGUAL RESQOURCES;
RECREATION, FPOFULATION TRENDS, AND ENVIRONMENTAL CONSEQUENCES, TO
NAME A FEW, IN REGARDS TO COAL MINING IN QUR AREA OF CONCERN, 1
VENTURE TO SAY3; OUR GOVERNMENT HAS SPENT MORE MONEY, MAN-HOURS,
PUBLICATIONS, CONTRACTELD "EXFERTS", ON THE HAIPAROWITS COAL
FIELLD, THAN ANY OTHER FIELLD, IN THE HISTORY OF THE WORLID, ANLI, WE
HAVE NEVER MINED ONE FOUND OF COAL FROM KAIFAROWITS!t 11

ALL OF THIS COMFREHENSIVE DATA WILL BE DETAILED IN OUR MINING
FERMIT APFLICATION, OF COURSE, BUT FOR THIS "SOAF" INTENT LETTER,
IT NEED ONLY BE MENTIONED, WE REFER YOU TO THE
"UINTA-SOUTHWESTERN UTAH - DORAFT ENVIRONMENTAL IMFACT STATEMENT,
COAL" BY THE U.&, DEFT. OF THE INTERIOR - EBLM,

WE WOULD BE MINING IN THE "HENDERSON COAL ZONE" FOUND WITHIN THE
NORTH-WEST CORNER OF THE HEAIFAROWITS COAL FIELD, EBY UNDER-GROUND
CONVENTIONAL METHODS, AND THE SURFACE EFFECTS WILL BE BY AERIAL
FHOTOGRAFHY , ON CONTOURS, BEFORE AND AFTER THE FACT,

WE UNDERSTAND THE INTENT OF UMC 795,19 AFFLICANT LIABILITY A5
STATELD.

VERY TRULY YRS
Pl —

ALFERED L. FOSTER, FPREEILENT
GARFIELD COAL COMFANY

STAR ROUTE

FPANGUITCH, UTAH 84759
TELEFHONE 834-52%

COFIES TO ALL DIRECTORS & STOCKHOLDERS:
COFY TO THE GARFIELD COUNTY COMMISSION:
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Fﬁgureik Coal Section exposed
near Davies Mine in the north-
west part of the Kaipamwit.s
Plateau feld. See. 36. T, 36 S..
R.2 W,
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At the Tropic coal mine, one coal bed averages about 15 feetin thick-
ness. Coal is mined from drifts and cross-cuts about 7 to
10 feet high, and the roof and floor are coal. Analyses of
coal from the mine have been given by Aresco and others
(1957, 1959) and Robison (1963). .

R — o e e
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The Pollock mine, northeast of Henrieville, has been abandoned for
many years. In 1952, Mr, Byron Davies opened a second
small mine nearby, which was worked for one winter. The
portal of the Davies mine is now nearly closed by slump
material, but thedriftis still accessible. A channel sample
(#32) was taken from the back of the mine, about 80 feet from
the portal, and an analysis is listed in the Appendix. The
coal zone is well exposed in a stream cut about 300 yards
north-northeast of the Davies mine (fig. 4 and 5). The
following section was measured at that locality:

‘Section of coal in the SE 1/4 NW 1/4 Sec. 36, T. 36S., R. 2 W.

Feet Inches
- Sandstone: fine-grained; yellow to
light-brown; cross-bedded and
lenti‘cular 20+ 1
Coal: (sample #31, see Appendix) 4 7
Coal: brownish-black; highly
argillaceous 1 3
Coal: (sample #30, see Appendix) 6 2
Claystone: light-gray; slightlysilty 3 7
Coal: may be slightly argillaceous;
no sample was taken 1 6
Mudstone: medium brownish-gray,
weathers light~gray to white; many
plant fragments and some thin coal
lenses 5
Coal: (sample #29, see Appendix). This
is the same bed thatwas penetrated by
" the Davies and Pollock mines. 10 0

AL FOSTER ALSO MINED THE DAVIES MINE IN 1963.

\/\/\/\/\/\/\/\/\/\/\/\/\/\/\—/\/\/l)
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11/15/89 UTAH OIVISION OF STATE LANDS PAGE - 1
LEASE REPORT
LEASE MUMBER : ML 23331 NAME : GARFIELD COAL COMPAMY LEASE TYPL ¢ CoAL DUE DATE : 1/01
LEASE STATUS : ACTIVE ADDRESS: AMERICAM TOWERS STE 15086S APPLICATIOM DATE: 2/01/66 EXPIRATION DAYE © 12/31/95
44 WEST BROADWAY DATE APPROGVED @ 2/07/66 REASSESSMENT DATE:12/31/95

SALT LAKE CITY UT 84101

., ACREAGE : 40.00 EXTENSION (Y OR N): N COUNTIES: GARFIELD
. PAYMEMT AMOUNT: 160.00 BOND RECEIVED (Y OR N): M
L YNIT (Y OR M) : N TERM {YEARS) : MINRQY

KHAANRAARKAKAR KR AR IR AR IRARXENRATMRA LA XA ARARLAKCAARAA KA AKKN AN RAAAANRATNRAARNKAAKAKNELCAKRKX R XN EKARAAKAKEABRKARNARK AL AR AN RAALARKARKARNN X

COMMENTS
2/28/18 Assn. to Garfield Coal Co. by Byron Oavies
1/19/81 Min. Roy. Change
2/ 3/86 Lease Readjustment eff. 1/1/86~-Annual rental increased

from $1.50 to $4/acre-8% gross value production royalty
Subject to further readjustment at 10 yr. intervals.
Subjact to cancellation after 10 yrs. if sustained
carmercial production is not attained.

AAXKAARK AR AKX K AR KA RN LA LKA XK AN RKARKARKANRKAKKARKTENNENEANENREA KN L RAAK AL ANEA BN CHACAKTACAKEARKNARERKAAKA R ALK R RN KN RLAKN AN KRN KR
LEGAL DESCRIPTION
TOWNSHIP RANGE SECTION SURVEY DESCRIPTION
36 S 2 W 36 s NEANE4

BN AT LA KA ARALKAKAKENALEAARKAKIKN RN KK XK AKARAHARKAKUALARRARIKENREN RN R RN AN LKA RABLAALARKENRAE KR KRN TN RN EAAANRERKNIAARE XK KRN KNAH W

PAYMENT HIS{ORY

| MUMBER DATE PAYMENT AMOUNT RENTAL AMOUMT ROYALTY AMOUNT APP DATE RECEIPT # REMARKS

1 12/28/76 40.00 20.00 20.00 /0W/F7 Y 1736 Lease began in 1966

2 12/06/17 40.00 20.00 20.00 1/G1778 V 16633

3 1/02/79 40.40 20.00 20.00 1/01/79 & 18094

4 12732779 40.00 20.09 20,00 1/01/80 X 15620

5 12/29/80 40.09 20.00 20,00 1/01/81 ¥ 19137 .

6 12/11/81 40.00 20.00 40.00 1/01/82 Z 19303 Short $20.00

7 12/29/82 86.00 28.00 40.00 1/01/83 8 19813 incl $20.00 short for 1982
8 12/20/83 66.00 60.00 .00 1/01/84 8 15686 :

9 1/11/85 70.00 60.00 .00 1/01/85 C 05324 PAID $10.00 LATE FEE
10 12724485 160.00 160.00 .00 1/01/86 D D5478 PAID BY MARK K. BOYLE

1 1/05/87 170.00 160.00 .00 1/01/87 E 04624 PO $10 LATE FEE/PD BY H. SAM NESLEN
12 12/17/87 160.00 160.00 .00 1/D1/88 F D3521 CK 1553 FD BY H.SAM MESLENM
13 12/16/88 160.00 160. 00 L0 1/01/8% 6 03720
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' : ASSIGNMENT

CERTIFICATE NO.
G" TING LEASE NO.

APPLICATION NO.

The undersigned, as owner of record title interest as hereinafter specified in and to
mr,_23331 ; GL ; Certificate No as designated for good and valuable
consideration and DOLLARS does hereby assign to Garfield Coal Company
: ADDRESS:345 South State Street, Salt Lake City, Utah 84111
and interest in rights and privileges as lessee in such lards, to the
subject to the reservation of overriding royalties as herein noted:

The rights, title,
extent indicated,

Described herein as:

l 1. Land affected by this assignment in County of Garfield , State of Utah.
NE 1/4 NE 1/4, Sec. 36, TWP36S , Rge 2W, S.L.M.

40 ACRES

- 3. Extent of such interest conveyed to Assignee_Entire
4, Overriding royalty reserved herein to Assignor__ None
5. Overriding royalty previously reserved (Note percentage only) None

hereby certified that the statements made herein are true, complete, and correct to
tbe vest of the undersigned's knowledge and belief and are made in good faith.

l 2. Interest of assignor in such lands _Lessee

\(Executed and witnessed this_ 5/o 7 day of /,Ww , 1977

WITNESS

57/2 /éﬁé;;22§%7 Y ///701 v 6@1nv¥

BYRON DAVIES

STATE OF UTAH
sS.

COUNTY Garfield )
‘On the F)al” day of L&(M,u , A.D. 19__77, personally appeared before

_me byron Davies , sigoer (¥) of the above instrument, who
duly acknowledged to me that He executed the same.

f 777,0,45—@/ O _edomiZi

Notary Public - Residing at:

lMy Commission Expires: MM 3, /7 &0

/l‘ .
3/3/3‘() ACCEPTANCE OF ASSIGNMENT
. AFFIDAVIT OF CITIZENSHIP OF ASSIGNEE
I, e) on oath,io solemnly swear that I am (we are) at the
pPr< -nt time (a) * Citizen (a) of the United States of America and of legal age,
an.. . (we) hereby assume and agree to perform all of the covenants and obligatinns of said

lease on the part of the lessee (s) to be kept and performed and accept the foregoing

'instiument .

BY
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GRAZING LEASE NO,

23331
MINERAL LEASE NO,

- Comes Now GARFIELD COAL COMPANY , a corporation of [he State

of Utah

AND HEREBY ACCEPTS THE ASSIGNMENT FROM__ Byron Davies

of Cannonville, Utah

Certificate No. GL NO. : ML NO. 23331

which assignment is dated April 14, 1966 » subject to all of the covenants

and obligations of said Lessee,

Mark K. Boyle & ve
IN WITNESS WHEREOF_lawrence Mills : ha¥ executed this acceptance this

577

day of /r._)/,'(/?z Lo L% £<,/.,« s 197/ %} .

GARFIELD COAL COMPANY

i
|
i
|
'
i
i
'
i
1 )i
i
!
i
|
'
i
i
i
I

STATE OF UTAH ) ' /,_p
8§, BY %‘M %

COUNTY OF }w‘/c/d)

On this gn—ﬁ day of ‘:Jik)nxcbiu, ’ 1977/ » personally appeared betore me
% 7

Mark K. Boyle ) and _ Lawrence Mills » who being

by me duly sworn did say, each for himself, that he, the said Mark K. Boyle

(nffixEx) 1s the Vice President ©EPVEEX of Garfield
] Lawrence
Coal Company , Boaed 0f. DOPeCtods, and said Mills is the Treas. of Garfield Cgal Cc

that the
and/executeg the same and the seal affixed is the seal of said corporation.

(Donoleps KX Pranlsr)

i ?, Natary, Publ

Jyf;;{éu{; /Z’zr/ 2’5 // ,4,“

Pl BN ot B
e, sty

L

l ol BN K|
L b i

My Commission Expires:__J. ,/',[_ A a-r ool

4



11/16/39 UTAH ITYISION OF STATE LAMNDS PAGE .
LEASE REFORT
LEASE HUMBER : ML 44182 MAME : H S MESLEN LEASE TYPE o Coab DUE DATE : 11/01
LEASE STATUS : ACTIVE ADDRESS: 1492 EAST 1200 SOUTH APPLICATION DATE: 10/28/88 EXPIRATION DATE : 10/31/98
BOUNTIFUL UT 84010 DATE APPROVED 1 11/707/88 REASSESSMENT BATE:12/01/98

ACREAGE b 40.00  EXTEMSION (Y OR ). N COUNTIES: GARFIELD

"PAYHLNT AMOUNT | 40.00 BOND RECVTVED (Y OR N] N
WUMLT {7 OR &) M FERM (YEARS) : 10

KK AN XK AA KRR ALAARKINAN LA RN AR ANKN XA KA ARAANKE ALK AT KT LCANECANECHN ARSI RANRAARAANANRAKL AR ACAA KA AR AN E LA ALK AL N AREA KN AR ARAENAN NS N

COMMENTS
AR K KA RN AR R RRARKI XA K KA KA KA RHAXKARKEHR AT ALK KALKRXAR EH KRR KA CIN AN LN HA KR AR ARNKRAE XA ARRRARA RN K AR CHNNRAXNAK KA KN KKK NN EN LKA
-E3AL ODESCRIPTION
TOHWMSHIP QANGE SECTION S JRVEY DESCRIPTION
36 S 2 U 36 SL SEAME4

NN NIV H AN RAENCHELNAKNAKTIAKI AR AN KA RKEAAR W RAE ARV ALY H RN RCRANNA R H R AWK W xRN 2 N NW KW AW e A e ol e A0 R 3 5 i 3¢ W ok e W 3K W o 92 W 3 40 e 30 W o e ok e e e ke

PAYMENT HESTORY

HUMBER DATE PAYMENT AMOUNT RENTAL AMOUNT RQOYALTY AMOUMT APP DATE RECEIPT # REMARKS
9 i 11/01/88 60.00 4¢. 90 00 11/01/88 G 02515 Incl. $20.00 apg. fee
o 2.10/23/89 40.00 40.00 .00 ¥1/01/89 H 02135
::TJI AXER AN EREAKKARRARKERNARKARKKA KK AKKAKKRAKEA LKA KA TR RRKN AN AR AN REANNE I NN IRANK AN REAAKRN AN AL NR A RN RARA RN KA KAAKERANKI NN
~
=) .
o LEASE INTERESTS
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ASS IGNMENT
MINERAL LEASE NO. L) A )
GRAZING LEASE NO. — - T 2
CERTIFICATE NO. - et

\. "-_- “H.,--t ,:* DC
The undersigned, as owner of record title interest’lds’ heremaf‘ter specified in and

to ML _¥4/&2 ; &L _ — ; Certificate No. — ; as designated, for good

and va uable consi deration and One DOLLARS ‘does hereby assign to
any
ADDRESS: d N S Lae Co L0

the rights, title, and intedest in rights and privileges as les in such lands, to The
extent indicated subject to the reservation of overriding royalties as herein noted:

1. Land affected by this assignment in Countyv of Gar{/c /,/i , State of Utah,
as described herein:

Tewaship 36 Jwﬂf Bange 2 wes? SLB+ M
See 3¢: SEH4NENH

%0922  pcRes

2. Interest of assignor in such 1ands /O¢

3. Extent of such interest conveved to Assianee (Note percentage of 2)

4. Overriding royalty reserved herein to Ass1gnor (Note percentage only) _ Asae
§.. Overriding rovalty previously reserved (Note percentage only) None

It is hereby certified that the statements made herein are true, complete, and correct
to the best of the undersigned's knowledge and believe and are made in good faith.

Executed this 25 day of [2nu2 5«_/_ L1090 77 ,

(Lessee - Assignor)

LESSOR--ASSIGNOR'S ACKNOWLEDGEMENT

STATE OF
) sS
COUNTY 0547&0,1‘%/

On t dav of niiar . 1990 , personally appeared before
me Je 4 4?1gner(s) of the above instrument, who duly
ackrowledged to me that _ Ao executéd the same.

Given under my hand and seal this é ) %‘day of

g

My Commission Expires: ﬁ - 3-92 \\\‘\ A
SO x>
THIS DOCUMENT MAY BE DUPLICATED LESLIE M. WARNER %

W. North Temple, #400
355SL(: ut 84180?1

My Commission Explres

d) Feb. 3, %
///475 0F \3’\\\\

/
U n\\\\\“

"//

Wity

o

\\\\
//



INSTRUCTIONS: Assignment must be submitted in duplicate. The original certificate,
grazing lease or mineral lease must be produced with the assigmment. Partial assignment
permitted on mineral leases only. Total assignment--$10, Interest assignment-$10, and

Partial Assignment--$15.

INDIVIDUAL'S ACCEPTANCE OF ASSIGNMENT
AFFIDAVIT OF CITIZENSHIP OF ASSIGNEE

I, (we) on oath, do solemnly swear that I am fwe are) at the
present time (a) * Citizen(s) of the United States of America and of legal
age, and I (we) hereby assume and agree to perform all of the covenants and obligations
of said lease on the part of lessee(s) to be kept and performed, and accept the fore-
going instrument.

BY:

Subscribed and sworn to before me this day of , 19 .

My Commission Expires:

NOTARY PUBLIC, Residing at:

ACCEPTANCE OF ASSIGNMENT -- CORPORATE

Comes NWGAMAL%&Q;; a corporation of Uted. AND HEREBY ACCEPTS
THE ASSIGNMENT FROM A/[ c) EN of _BounZiful a4t £¥01s
Certificate No. — , GL — » ML No. ¥ ¥/£2 , which assignment 1is
dated .25, , subject to all of the covenants and obligations of said Lessee.

— 17

N NITNES;_ WHEREOF M/@BK ,(C Bem/ y/4 has executed this acceptance this £5 —
A2

day ‘of ,. 19
72&_ N
(Assignee) GMC/éLD gp;{l&-é
BY: '%(h/( =4 /i/,,A__,—

(Officer, Agent, Attorney-in<ract)

ASSIGNEES ACKNOWLEDGEMENT

STATE OF )

» , )tSS
counTy 05 dallt T

19 ZVQ , oersonally appeared before

T B
ho bemg by me duly sworn did say, each for

h1mself that (he, é’he, or they) is officer, aaent or At.tornev-vn-Fact for the
assignes and is authorized to accept tm‘a‘“&‘gk’ﬁ'gm;;nt and has executed the same and the
(/)

sea] affixed 1s the seal of said corp@‘,&@o 0( 2,
PUBLIC, residing at:‘JfC/

mm,,,,
™
[

P
=2
=

3 W NTaerd S
My Commission Expires: 07 3 - 9&% " c‘,mg“"m g

2, Y Ve, 3, 192 %S
NOTE: a* Insert here whether nativé, (&‘hzed. If naturalized, it will he
necessary to file with this office Pré of,,f@f a¥nshin or Declaration of Intantion to
become a citizen in the form of a 1e+ter °Y't1T1"aL= of verification from Court of
[ssuance, and registration fse of $1.00.
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.The area of analysis for the southern Utah region includes Garfield and Kane

Socioeconomics

Population, Income, and Employment

Counties. The 1980 census population of that area was‘7,697. The estimated
1982 population is 8,800. (Unless otherwise noted, this discussion will re]y“
on the data from the 1980 census). These counties are typical of rural
counties in Utah with the population concentrated in a few small communities
along major roads. The largest of the communities in the area 1s Kanab with
2,148 residents and Panguitch with about 1,343 people. Kane County has an }
average household size of 3.12 persons, and Garfield has 3.00 both smaller
than the State average of 3,20. Kane County had a 1980 mean household income
of $14,200, significantly below the State mean income of $20,320, and -Garfield,
is also low with mean household income of $14,956. Garfield and Kane Counties!
had total wage and salary employment of 1,786 and 1,017 in 1980 with unemploy-!
ment rates of 7.4 percent and 5.2 percent, respectively. Unemployment rates |
in 1982 rose to 8.6 percent in Kane County and 15.3 percent in Garfield. The
government sector is the primary employment sector for Garfield County. With |
the fall in demand for uranium, mining and milling employment has declined
since 1980. Kane County's primary employment sectors are trade, government,
and services.

Infrastructure

Housing

The majority of housing units in both counties are conventional single family|
houses. Kane County has about 7 percent of their housing units in mobile
homes and Garfield has about 4 percent mobile homes. Detail relative to the
existing housing supply is presented in Table 3-22. :

Education

The Garfield County School District had a 1981 enrolliment of 920 students
and 50 teachers, while the Kane County District had 1,002 students and 47
teachers. This represents pupil/teacher ratios of 18 to 1 and 21 to 1 for
Garfield and Kane, respectively, These figures are significantly below the
State service guide of 25 to 1.

Water and Sewer .
Adequacy of culinary water systems is determined by the Utah Department of ‘

Health based on three components: water rights, supply/flow, and storage.
Table 3-23 summarizes these components for the two-county area.

Septic tanks are the primary waste water facilities in all the counties and
are presently considered adequate. N&W kg Sys7er7 v Teomre Uil

Kanab City completed an extensive new sewage project in 1981. The lagoon
system has more than adequate flow capacity. Orderville, Glendale, Mt. Carmel
are on a cooperative regional sewer system called the Long Valley Sewer
System. The present system has a design capacity for 800 population, which is
adequate for the present population. Alton residents use septic tanks for
sewage disposal. Table 3-24 gives additional information.



! TABLE 3-22

SOUTHERN UTAH EXISTING DWELLING UNITS MIX BY COMMUNITY

County Conventional Mobile Multi-family
Garfield
Panguitch 570 20 4
Hatch 713 5 0
Total 643 (95.7%) 25 (3.7%) 4 (0.006%)
Kane
Kanab o 601 (37.7%) 45 (6.53%) " 43 (6.2%)
Alton 31 4 ‘ 0
Glendale 65 11 0
Mt. Carmel 35 4 0
Orderviile : 129 6 0
Total 861 (88.4%) 70 (7.19%) 43 (4.4%)
Grand Totatl 1,504 (91.4%) 95 (5.8%) 47 (2.9%)
TABLE 3-23
SOUTHERN UTAH
SUMMARY OF WATER SYSTEMS
. Storage
Capacity Flow
Gallons Gatllons
csunty Source Connections  per day Water Rights per minute
-carfield
Watch wells 64 50,000 399 224
k9&"9u1tch springs, wells 391 1,000,000 4,272 1,500
ane
atTton 25 18,000 204 215
&lendale 172 300,000 120 67
Kanad springs, wells 1,290 3,500,000 11,026 2,917
M. Carmel 33 30,000 580 323
Ocdervilile 175 550,000 336 , 189




TABLE 3-24
SOUTHERN UTAH SEWAGE AND SOLID WASTE DISPOSAL FACILITIES

Garfieid County

Kane County

——————

. Characteristics Hatch Panguitch Alton  Glendale Kanab _Mt. Carmel Orderyiji
. L —
Sewage
Capacity .- -- -- 8002 5,000 8002 808
(100 gal/day)
Flow gallons per minute -- -- -- 80,0002 1,200,000 80,0002 80,000
System Type Septic Septic  Septic  Lagoon Lagoon Lagoon Lagoor.
: Tank Tank Tank
‘Plans for no yes no no no no no
Expansion
Solid Waste Disposal
Type of Facility Landfill  Landfill Open Open Open Open Open
Dump Dump Dump Dump Dump
Percent of Adequate Adequate N/A Limited Limited -- Limite
Cap. Used '
Type of Collection Green Box Green Volun-  Boy Scouts Private Individual Indiyi
Box City tary '
City/County County County Private City City City Glende

aLong Valley.



~ public Satety

.~ In general the affected counties rely on the county sheriff for the major
_'portion of their law enforcement capacity. The larger communities in each
" county generally have a separate police force and facilities. Summary law

enforcement data for each of these counties are presented in Table 3-25.

The communities of Garfield County have well organized volunteer fire depart-

- ments. Panguitch is currently recruiting a full-time fire chief to further

enhance reliability. Response time is indicated at 3 minutes average with
maximum time of 30 minutes.

Currently, there are no county-administered fire protection services in Kane

‘County. All communities of the county have some form of fire protection plan

ranging from well organized volunteers to a loosely organized effort of every
available citizen. The entire county has only four fire fighting vehicles,
one of which is a push cart pumper. Local officials, particularly on the west
side of the county, indicated some reliance on Federal and State fire

fighters.

Garfield County is served by the 14-bed Garfield Memorial Hospital in
panguitch. The hospital had a 43.1 percent utilization rate and a 4.61 day
average length of stay. Medical manpower is provided by two physicians, 16
nurses, and one dentist. The emergency medical services within the area are

provided by 41 EMTs and five ambulances.

Kane County has one hospital at Kanab with 33 beds with a 22,2 percent
utilization rate. In 1981, there were 1,620 patient days and a 2.9 day
average length of stay. The County is served by two physicians, two dentists,
and 13 nurses. The County is also served by nine EMTs and two ambulances.

Much of the solid waste disposal in the study area is accomplished with open
dumps that are not State approved; however, there are several areas that have
approved landfills which are generally considered to be adequate for the
present and immediate future. Table 3-24 contains detailed information on

present facilities.

Garfield County operates a State-approved landfill which serves Hatch and
Panguitch, as well as other county communities. Collection is relatively
sophisticated, employing a "green box" method refuse collection. The County
has an established fee for cities and for each resident for use of the “green
boxes" and the landfill. The landfill has had difficuity in maintaining open
hours so that individuals can bring large items to the landfill. For this
reason, some additional open dump sites still remain in use.

Social/Attitudes

The area of Kane and Garfield Counties is comprised of sparsely populated
Mormon communities whose growth has been slow and, with the exception of Kanab
in Kane County, has experienced a population decline. There is generally a
very favorable attitude toward development of the area's coal resources.



\

TABLE 2-3
COAL TRANSPORTATION EMPLOYMENT ASSUMPTIONS FOR POPULATION PROJECTIONS

Employment Slurry Pipeline

Truck Haul Rail Haul

Operation 5.5 employees/
million tons coal shipped/year

Construction Alton to Hurricane Cliffs/

Employment St. George area’

by Route 245 based in St. George and
455 in Kanab for 3 years

N. Kaiparowits to Koosharem
area? 390 based in Greenwich/
Koosharem and

390 in Escalante for

3 years

1.3 empioyees/ No significant change in
25-ton truck on employment

road S. Kaiparowlts to Cedar City
o 1,100 for 4 years
25% based in Hurricane,
25% in Fredonia (ikanab)
25% Glen Canyon City,
and 25% transient along route

S. Kaiparowits to Milford
1,045 for 4 years

25% based in Beaver,

2525% in Alton,

25% In Glen Canyon City, and
25% transient along route

S. Kaiparowits to Page 825 for
2 years

75% based in Glen Canyon City
25% transient along route

N. Kaiparowits to Marysville
990 for 2 years

37% based in Antimony,
37% in Escalante, and

26% transient along route

Source: ERT Project Team

' Medium and high production levels
* Medium production level

Truck Haul Routes and Approximate Haul
Distances on Existing Highway System

Alton to

Cedar City (via Highway 14) - 66 miles

Miiford (via Highway 20).- 128 miles :

Salina (via Highway 89) - 148 miles

Navajo Power Plant (east of Page, Arizona) -
88 miles _

Warner Valley Power Plant (south of Hurri-
cane, Utah) - 98 miles :

North Kalparowits to
Milford (via Highways 12, 89, and 20) - 144
miles
Salina (via Highways 12 and 88) - 164 miles

South Kaiparowits to
Cedar City (via Highway 14) - 138 miles
Flagstaff (via Highway 89) - 158 miles
Navajo Power Plant - 24 miles
Warner Valley Power Plant - 130 miles

2-6

in order to insure comprehensive analysis,

.the Steering Committee decided to add the
: ‘Navajo Power Plant (located 5 miles east of

Page, Arizona) and the proposed Warner.
Valley Power Plant (located 11 miles south of
Hurricane, Utah) to the scenarios as possible
destinations for the truck haulage of coal

-during the low production level.

It should be noted that all transportation
corridors are being considered for both
rallroads and coal slurry pipelines except cor-
ridor segments C2, C6, C8, and C12 which are
being considered for slurry pipelines only (see
Map 2-1). This is due to either topographic
constraints or the absence of an existing
railhead. Since the coal truck haul routes
utllize the existing highway system, they are
being considered separately from the trans-
portation corridors.




Longwall

. biocks range from 300 to 600 feet wide and are
~ sometimes a mile long. The longwall machine
", laterally shears or plows coals from the en-

tire face, transports the fallen coal by an
advancing conveyor to a secondary hauiage
conveyor, reverses direction at the end of a
cut, and supports the roof in the area of the
face by a self-advancing system of hydraulic
jacks. To support the roof at the face, longwall
mining originally used manually operated
props, then gradually evoived to the presently
used powered, self-advancing supports. The

“longwall mining machine is usually unmann-

ed. The roof is allowed to cave-in behind the
advancing work areas; the roof is occasionally
blasted to ensure a controlied cave-in rate and
to reduce overburden pressure on the coal bed
being mined. This controlled cave-in can
cause subsidence at the surface.

Longwall mining is used most efficiently in
uniform coal seams of-medium height (42 to
60 inches) Coal recovery can be close to 100
percent for a given seam, but overall recovery
for the study area wouid be lower. Waste
materials are already in underground storage
when mining is complete instead of on the
surface.

Reclamation

The term reclamation is used here to mean
any process for rehabilitating iand disturbed
by coal mining. Reclamation consists basi-
cally of making a mine site safe, acceptable
in appearance, and available for other uses
before mine abandonment. The goal of recla-
mation would be to return the land to its
former level of diversity and productivity.
The dominant surface uses of Federal land
in the Alton and Kaiparowits lease areas are
for livestock forage production, wildlife habi-
tat, watersheds, and wide-ranging recreation-
al activities.

Reclamation consists of four phases: plan-
ning, topsoil/loverburden segregation, back-
filling, and revegetation. The planning phase
begins prior to mining and continues through-
out the mining cycle. This phase mainly in-
volves: (1) site mapping, (2) identification of the
probable effects of mining before mining
begins, (3) development of the reclamation
plan, including mitigating measures to be fol-
lowed during all mining activies, (4) preparation
of periodic environmental reports, (5) bond and
permit fee-related activities, (6) supervision of
the reclamation work, (7) engineering and sur-
veying for environmental protection, (8) water

quality monitoring, (8) dust control, and (10)
consultation with outside experts.

Topsoilloverburden segregation and back-
filling usually include: (1) removal of vegeta-
tive cover when its removal is necessary for
topsoil salvage, (2) removing and stockpiling
toposil and overburden separately, (3) backfill-
ing and grading cuts with original overburden,
and (4) replacing topsoif.

The revegetation phase usually consists of
the following: (1) soil preparation (discing
and/or harrowing, fertiiizing, etc.), (2) seeding
and/or planting, (3) mulching, (4) irrigation,
and (5) maintenance. The methods used in
each of the four categories could differ sub-
stantially in the three coal lease areas due to
different topsoil characteristics and environ-
mental conditions.

Truck Haulage

Transportation of coal by truck is used
mainly for initial shipment from the mine to a
railhead and for short haul transport to a final
destination such as a power plant. Trucks are
utilized to a very limited extent for long-haul
coal transportation because of high units
costs compared to railroads and slurry pipe-
lines. In western states where existing rail
services are sparse and capital costs of alter-
native transportation systems high, coal is fre-
quently trucked longer distances of 100 miles
or more. Construction of rail spurs and slurry
pipelines can be financially justified only from
high volume, long-term production fieids. The
major advantages of truck haulage of coal is
the relatively low capitai investment for trucks
and their greater flexibility with respect to
destination routing through use of the exist-
ing highway network.

Most of the coal-hauling trucks on the high-
ways are in the range of 20 to 30-ton capacity,
generally require a 35 to 40-ton gross vehicle
weight (GVW) truck frame, and are similar to
many tractor/trailer trucks currently in use on
public highways. A truck this size will have a
fuel consumption of approximately 5 miles
per gallon, depending upon the vertical grade
profile of the highway. The trucks are 2-wheel
drive and can traverse grades as high as 10 to
11 percent. Loaded coal truck operations are
limited by vehicle speed and maneuverability.
On long steep vertical grades, the operating
speeds of the loaded coal trucks can be re-
duced significantly below speeds for automo-
biles. Similarly, operation of coal trucks
on narrow roadway segments or areas of
excessive horizontal curvature such as a
series of switchbacks can be difficult due to



TABLE 3-3 :
SOUTHERN UTAH COAL QUALITY DATA

Average Percent

South Kaiparowits North Kaiparowits

Alton (West) Alton (East)

Moisture 9.63 10.51 17.0 19.3
Volatile Matter 42.44 45.39 : 40.1 43.6
Fixed Carbon 48.70 46.81 50.3 46.7
Ash 8.59 7.80 9.4 9.8
Sulfur 75 1.26 1.3 1.07
Btu/ib 12,401 11,563 12,069 10,166

Source: Doelling and Graham, 1972.
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The geology of the region has been summa-
rized by Gregory and Moore (1931), Gregory
(1951), Doeiling and Graham (1972), and

. Sargent and Hansen (1976) and is shown on

the geologic map of southwestern Utah (Hint-
ze 1963). The geology of the study area (Map
3-1) has been simplified into five map units.
These are: (1) Pre-Cretaceous sedimentary
rocks of Jurassic, Triassic, and Permian age;
(2) Upper Cretaceous coal-bearing rocks; (3)
Tertiary and Upper Cretaceous sedimentary
rocks; -(4) Quaternary and Tertiary volcanic
rocks; and (5) Quaternary and Tertiary sedi-
mentary rocks, mostly aliuvium. The exposed
bedrock in the coal lease areas is of
Cretaceous and Jurassic age with a small
area of basalt in the Alton area. Corridor
segments C9, C12, C13, and large portion of
C4 contain mostly alluvium and volcanic
rocks. The last 18 miles of corridor segment
C1is also alluvium. Corridor segments C2, C3,
and C7 in Arizona are mostly sedimentary
rocks of Pre-Cretaceous and Cretaceous age.

The Kaiparowits and Paunsaugunt Plateaus
are underiain by geologic formations having
gentle dips, generally trending northward,
interrupted by monoclines, anticlines, and
synclines. In addition, the formations are cut
by numerous faults. Two major faults are the
Paunsaugunt and Sevier, which trend north-
ward and form the east and west boundaries
of the uplifted Paunsaugunt Plateau. The
North and South Kaiparowits lease areas are
in the Kaiparowits structural basin, which ex-
tends from the Utah-Arizona border northward
to the mountains west of Escalante, Utah. The
structural relief in this basin is about 4,000
feet. The Alton lease area occurs between the

Paunsaugunt and Sevier faults in a broad
northward-trending syncline.

The Kaiparowits region is part of the inter-
mountain seismic belt, which is a zone of pro-
nounced earthquake activity that extends
from Arizona to Montana. Seismic data (Cook
and Smith 1967) indicate that Richter magni-
tudes in the area have not exceeded 4.9 and
most are less than 4.0. Relevant data (U.S.D.l.
Bureau of Land Management 1976) indicate

" that earthquakes of low intensity will occur;
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however, the effects of such earthquakes will
be slight.

The Kaiparowits coal field, which includes
the North and South Kaiparowits coal lease
areas, has been described by Doelling and
Graham (1972). Mineable coal beds which con-
tain the best quality coal in the region (Table
3-3) occur in the Straight Cliffs Formation.
Total reserves for the coal field, as defined by
Doelling and Graham (1972), are estimated to
be 15.2 billion short tons (Table 3-4). The
amount of reserves for the coal lease areas
would be less; however, data were not avail-
able to readily determine the amount. The coal
occurs as lenticular seams and is confined to
several zones, the most important being the
Christensen (Henderson), Alvey, and Rees
coal zones. These coal beds were deposited
during Cretaceous time in a northwest-trend-
ing zone 18 to 25 miles wide which paralleled
the old shore lines.

The Alton coal fleld has also been de-
scribed by Doelling and Graham (1972). Two
coal zones, Smirl and Bald Knoll, occur in the
Dakota Sandstone. The quality of the coal is
given in Table 3-3. Reserves for the fieid have
been determined to be 2.1 billion tons (Table
3-4), of which about 0.2 billion tons occur less
than 200 feet from the surface and are
stripable.




TABLE 3-4
(In Short Tons)

COAL RESERVES IN THE KAIPAROWITS STUDY AREA

- Kaiparowits
Reserve Classification Alton Plateau
Classification’ Criteria’ Coal Field! Coal Field' 3
Measured Based on adequate —_— -
reserves exploration and development
(Class I data, properly correlated.
Indicated Based on geologic
reserves measurement supplemented by
" (Class 11) limited drill hole data and limited
‘ to 12 miles from a control point. 643,800,0004 3,984,800,000*
Inferred Based on geologic
reserves inferrence and projection of
(Class 1il) the habit of the coal beyond 1
miles from control points. 865,600,000 3,893,200,000
Potential Based on geographic and
reserves geologic position, with
(Class V) little supporting data, and in-
cludes coal concealed by 3,000
feet or less of cover. 639,500,000 7,320,000,000
Total 2,148,900,000 15,198,000,000

Source: ERT Project Team
* After Doelling and Graham (1972).

*Much larger area than North and South Kaiparowits lease areas as defined in this environmental analysis.
3U.S. Department of Interior, Geological Survey (1979, Fig. 11-8) for Kaiparowits Plateau Coal Field gives a preliminary
estimate of 20 biltion short tons of coal from coal beds 4 feet or more thick and overburden no thicker than 3,000 feet.

‘Inciudes a small amount of Class | reserves.

Other mineral resources have been identi-
fied by Doelling (1975), Sargent and Hansen
(1976), and U.S. Department of the interior,
Geological Survey (1979). Several test wells
for oil and gas have been drilled, and a small
oil field was developed In 1964 on the Upper
Valley anticline about 10 miles southwest of
Escalante. Locally, combustible gases occur
in and near some coal beds; however, the con-
centrations are unknown.

Limestone suitable for rock-dusting in coal
mines is available at several places in the
Kaiparowits region. According to the U.S.
Bureau of Land Management (U.S.D.l,, BLM
1976), such limestone occurs in the Wasatch
Formation on the west side of Johns Valley in
T34S, R3W, in the Canaan Peak area, and in
the Carmel Formation east of Orderville, Utah
(Map 3-1). Because other outcrops of lime-
stone occur in the Kalparowits region, more
localities having potential as quarries are
probably present. Clay, gypsum, sand and
gravel, and dimension stone are present
throughout the Kaiparowits region.
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Solls

The soils of the study area reflect the
variability of the soil-forming factors (geology,
topography, climate, and vegetation). General-
ly, the soils have developed from fine-grained
igneous materials in the northern part of the
study area and sandstones and shaies in the
southern part, resuiting in textures ranging
from clayey to sandy. Soils over most of the
area receive fow amounts of precipitation
resulting in limited soil development and pro-
ductivity potential. NMean annual soil
temperature ranges from about 47°F in the
mountainous areas to 59°F in the lower
valleys. Typicaily, soils where annual
precipitation is under 15 inches exhibit a high
soluble salt content, high pH, low organic
matter content, and an accumulation of car-
bonate in the subsoil which may form a hard-
pan. As elevation and precipitation increases,
these characteristics reverse, resuiting in
better soil development and Iincreased
productivity potential.




Traffic Flow Analysis
The capacity of a highway is a measure of

" its ability to accommodate traffic and is a

function of physical geometries such as

g number of ianes, lane width and grade, mag-

nitude and composition of demand volumes,
and operating speeds. The resuits of the road-
way capacity analyses are summarized in
Table G-3 in Appendix G. Even under max-
imum July recreational peak demand condi-
tions, all of the roadway facilities with the
exception of segment 89e, are operating at the
Level of Service B standard (UDOT assigned)
or better. Segment 83e has a low assigned ser-

~ vice volume B standard because of the iong

steep vertical grades and the sharp horizontal
curvature. On the sast-west segment of U.S.
89, the highest volume/capacity ratio of 0.75
occurs east of Kanab on segment 89f. U-9,
which serves as a connection between inter-
state 15 and U.S. 89, has the highest com-
puted ratio for local roadways. The results of
the capacity analyses indicate that the ex-
isting traffic operations in the study are
generally in a stable fiow range.

Geometric Design Consideration

The rural highways serving the Kaiparowits
region have certain key geometric design
characteristics that have operational signif-
icance for traffic movement. Specific criteria
include pavement construction and horizontal
and vertical curvature. The majority of the two-
lane highways in the Kaiparowits region were
constructed to carry light to moderate traffic
demand. The roadway segments that are an
exception to this condition are 83f and 89g
between Kanab and Glen Canyon City. This
portion of U.S. 89 has been resurfaced with a
3- to 4-inch pavement overlay within the last
four years. Based on field inspection, the
overlay appears to be holding up well under
the existing levels of coal hauling truck activ-
ity between Salina and Page, Arizona. U.S. 89
heading north from Kanab needs to be upgrad-
ed by a pavement overiay treatment since the
existing pavement on the highway is starting
to deteriorate.

Physical design considerations on the
westerly segment of U-12 include the steep
vertical grade from Tropic to the Bryce Can-
yon access road and the two natural rock for-
mation tunnels in the Red Canyon area. UDOT
has been working with the National Park Ser-
vice on a feasibility study for providing a
climbing tfane on the vertical grade for trucks.
The two tunnels have sufficient ciearance for
standard size trucks, but are not adequate for
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oversize loads. From Bryce Canyon east to
Escalante the roadway is characterized by
narrow lane widths, areas of pavement deteri-
oration, long steep vertical grades, and
horizontal curvature probiems. A major opera-
tional consideration on U-12 during the sum-
mer months is the tourist use of the roadway
to access Bryce Canyon National Park and
natural areas around Escalante. Tourists fre-
quently park along the side of the road to view
the natural features of the area. The parked
vehicles present problems to the existing log-
ging and crude oil truck activity on the road.
Winter weather conditions are a major road-
way operational consideration in the south-
central Utah region. U-14 is frequently closed
during winter months because of snow accu-
mulation. During the spring thaw, U-14 has a
20,000-pound ioad limit because of extremely
wet sub-base conditions. Many of the gravel
and dirt roads traversing the Alton and Kai-
parowits fields are closed from November to
May because of snow and wet conditions.

Railroads

The Kaiparowits Plateau region has no rail
service at the present time. The nearest rail-
road lines terminate to the north and west of
the coal lease areas (see Map 3-12). To the
north, the Denver & Rio Grande Western Rail-
road enters from Colorado, passes through
Price, and continues to Salt Lake City. From
this main line, a spur line extends southward
through Richfield to Marysvale. The Marysvale
spur is classified as a B Branch Line of a
Class | railroad in the Utah State Rail Plan
(UDOT 1978c). B Branch lines are identified as
light density lines carrying less than 1 million
gross tons per year. The section of spur line
between Richfield and Marysvale has been
identified as a potential problem area for
economic viability (UDOT 1978c), while the
section between Salina and Marysvale could
not sustain coal unit train traffic without be-
ing rebuilt.

West of the Kaiparowits region, a Union
Pacific Raiiroad main- line passes southwest-
ward from Salt Lake City on its way to Las
Vegas. A branch line extends from Lund to
Cedar City. The Cedar City rail connection is
classified as an A Branch Line of a Class |
railroad. A Branch Lines are defined as carry-
ing less than 5 million gross tons, but at least
1 million gross tons per year. South of the
region, the Atchison, Topeka, & Santa Fe Rail-
road crosses east to west through central
Arizona and Flagstaff. No railroad bridges
cross the Colorado River in northern Arizona.



TABLE 4-4
POTENTIAL LAND USE/TRANSPORTATION CONFLICT POINTS

Heavy Recreation

Truck Haul Route Agricultural Traffic Potential Sensitive Land Uses'
Segment Areas (approx. mi.) Residential Communities Others
20 - - - -
89a 2 - 4 6
83b 1 - 1 8
89¢ 1 20 1 .
89d (incl. Long Valley

Juntion) - 5 1 -
89e (incl. Kanab) - 35 5 14
89f - 5 - .-
89g - 50 - .
89h (incl. Glen Canyon

City and Page) - 15 2 4
89i - 50 - .
14 (incl. Cedar City) - 45 1 33
389 (incl. Hurricane) 3 65 3 12
12 (excl. Escalante) 1 65 - 3 5
136a 2 - 1 -
136b - 1 - - .
98 - - - -

Source: ERT Project Team

'All sensitive uses in a residential community may not be subjected to truck impacts depending on location

and internal routing

A summary of the maximum
hourly truck volumes on each of the haul route
segments can be found in Iltem 25 in the
assumptions. In determining the impacts
generated by the coal trucks, a worst case ap-
proach based on the maximum possible utili-
zation of each route was used.

The impact of the coal trucks on U-12 traf-
fic flow would be most pronounced in areas of
steep vertical upgrades and sharp horizontal
curvature because of the reduction in opera-
ting speeds. Parts of U-12 have lengthy sec-
tions of vertical curvature in excess of 6 per-
cent, such as east of Bryce Canyon and south
of The Blues, Figure 4-1, and areas of pro-
nounced horizontal curvature. The lateral
clearance between the pavement edge and ad-
jacent major drop-offs in elevation are
minimal. With the accompanying narrowing of
pavement width, the potential impact of
trucks on operating speeds and vehicle man-
euverability is of concern. For the large areas
of vertical upgrade on U-12, a speed reduction
in the order of 10 to 25 MPH from average auto
operating conditions couid accur. The reduc-
tion in operating speed wouid increase the

probability of vehicle accident occurrence due
to illegal passing on the two-lane facility.

in the areas of Bryce Canyon and Red Can-
yon, tourists frequently puil off along the side
of U-12 in areas with scenic views. This
creates a potential for accident occurrence
because of the limited available pavement
and shoulder area for trucks to pass parked
autos. During periods of inclement winter
weather conditions (ice, snow), truck man-
euverability and operational safety could be
restricted in the areas of severe horizontal and
vertical curvature.

Trucks using U-12 would pass through the
communities of Escalante, Henrieville, Can-
nonville, and Tropic. Several of these commu-
nities have residential development in close
proximity to the roadway edge, exposing them
to both truck noise and vibration etfects. The
repeated axle loadings of coal trucks would ac-
celerate the deterioration of the pavement sur-
face. The section of U-12 from the eastern
boundary of Bryce National Park to Escalante
appears to be particularly susceptible to this
occurrence given the existing condition of the
pavement surface. As the pavement surface
deteriorates, both noise and vibration effects
become more pronounced.
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TABLE 7

ORIGINAL PRINCIPAL RESOURCE BY COUNTY

(Millions of Short Tons)

County®

(by position) Resource. - Percent

1. Kane 7,016.9 28.9 |

2. Carbon 5,096.3 26.9

3. Emery 4,388.8 18.0 91.5%
4. Garfield 3,698.5 15.2

5. Sevier 2,070.8 8;5___

6. Iron 650.8 27;__—

7. Sanpete 489.5 2.0

8. Grand 293.6 1.2

9. Summit 186.0 0.8 |
10. Wasatch 177.3 0.7 8. 5%
11. Uintah 177.1 0.7
12. Duchesne 53.9 0.2
13. Washington 25.3 0.1
14. Wayne 23.6 0.1
15. Morgan 1.1 --- 1

TOTAL 24,349.5 100.0

SOURCE: H. H. Doelling,
Utah Geological and Mineral Survey, Monograph Series No. 3,

1972, p. 553.

aCouwties not listed have no resource.
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TABLE 2-1

- STUDY SCENARIOS
Coal
Production Transportation
Lease Area (108 Tiyr.) Mining Method Mode
Low Level
Alton 2 —surface— truck
North Kalparowits D) underground truck
South Kaiparowits 2 underground truck
TOTAL 5
Medium Level
Alton 92 —surface & underground slurry pipeline
North Kaiparowits %89 —surface-& underground slurry pipeline
South Kaiparowits underground rail
TOTAL - 54
High Level
Alton g2 —surface~& underground slurry pipeline
North Kaiparowits 30¢ —surface & underground rail
South Kaiparowits underground rail
TOTAL 84

Source: ERT Project Team Years

b2 miilion tonslyear surface mining

2Years 1-20 all surface mining
©3 million tons/year surface mining

Year 21, 75% surface, 25% underground
Year 22, 50% surface, 50% underground
Year 23, 25% surface, 75% underground
Years 24-40, all underground mining
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KAIPAROWITS PLATEAU COAL FIELD

by

H. I, Doclling' and R. L. Graham?

INTRODUCTION
Location and Extent

The Kaipsrowits Plateau coal field is Jocated in south central
Utah in Garfield and Kane counties (Preface, figure 1a). The
plateau is about 54 miles scross its grestest width at the south end
and is 66 miles from north to south, an sres of approximately
1,600 square miles. It is limited by the edges of the Cretaceous
outcrop, ie., st the base of the Dakota Formation outcrops slong
the Straight Cliffs (Fiftymile Mountain) to the east, the bese of
the overlapping Tertiary strata of the Table Cliff and Aquarius
plateaus to the north, the Paunsaugunt fault and the base of the
Dakota Formation outcrops along the East Kaibab monocline to
the west, and the base of the Dakota Formation outcrops along
the deep canyons of the Colorado River system to the south. It is
contiguons to the Alton coal field to the west and is seperated
from it by the prominent Paunsaugunt fault.

Topography and Drainage

The area is one of undulating plateau surfaces deeply incised
by steep-walled canyons (figures | and 2). Along these canyonm
walls the coal seams are exposed. The drainages in the south part
of the field trend southeast toward the Colorado River. This south
part of the piatcau is a natural geographic division useful in
dividing coal areas and is designated the Smoky Mountain area. No
important drainages cut acrom the East Kaibab monocline. In the
area near the town of Tropic an amphitheatre opens to the south.
Several druinages from the northeast, north and northwest collect
in the amphitheatre to produce the south-flowing Paria Rives. The
coal cropping out along the walls of this amphitheatre sre in a
natural subdivision designated the Tropic area. in the north pert of
the piatesu cast of the Table CHfT Platesu the drainages are basi-
cally eastward, supplying water to the Escalante River. Only two
important drainages, Left and Right Hand Collet washes, cut
through the Fiftymile Mountain clff that extends from the town
of Escalente to the Colorado ‘River. These waters enter the
Escalante River. All the eastward-draining canyons expose coel
belonging to the third natural division, the nte ares.

If one discounts the erosional remnant of the Table Cliff
Plateau south of Upper Valley known as Canaan Peak (Kaiparowits
Peak), clevations in the field range from 3,800 to 8,000 feet above
sea level The highest elevations are in the north part of the field
and along Fiftymile Mountain. The lowest are along the Dakota
outcrops in the south end of the field. The average elevation is
about 6,000 feet above sea level. Coal seams occur throughout the
entire range of clevations.

Populstion, Industries and Transportstion

Man’s use of the Kaipsrowits Pateau is limited to grazing.
An ofl field exists slong the Upper Valley anticline in the Garfield
County portion, north central part of the plateau. Five small
communities are located on the fringes of the coal ficld. Most of
the plateau s accessible only with four-wheel drive vehicles. The
poor roads extend for ss much as 100 miles with no chance for
fuel or water. There are large areas where no roads exist and
where even 3 horse would have difficulties.

The two paved roads are U. S. Highway 89 and Utah
Highway 54 (figure 1). Highway 89 skirts the southwest edge of

' Economic geologist, Utah Geological and Minerstogical Survey.

the Kaiperowits Phateau joining Kansb, Utah, with Glen Canyon
Dam and Page, Arizona. The town of Gler Canyon lies below the
Kaiperowits Cliffs just morth of the highway. Highway 54 drops
into the Tropic amphithestre through Tropic Canyon from the
Paunmugunt Platesu (Bryce Canyon) aad connects the three
hamiets of Tropic, Cannonville and Henrieville, then cromes the
Kaiparowits Platesu east so Escalante. The amphitheatre towns had
2 population of 587 in 1970, Escalante had 638. The town popu-
hations are involved in agriculture (ranching, grazing, farming),
providing support personnel for the National Park Service, the
Natiomal Forest Service snd Buresu of Land Mansgement, working
for a local sawmili (Escalamte) drawing tinber from the higher
piatesus, and providing goods and services to oil well openators
and tourists.

Other graded roads are the Widtsoe Junction-Escalante (Main
Canyon) road, Cottonwood Creek rosd, Alvey Wash road, Smoky
Mountain road, Hole-in-the-Rock roed and the Upper Valley oil
field road. They are shown on the Topography and Roads Map
(figure 1). During the summer flash floods often wash out the
roads.

The nearest nilroad i about 75 miles northwest of the
central Kaipasowits. A spur of the Denver and Rio Grande Western
Railway is at Marysvale in Piute County and joins the main line at
Thistle, Utah, 150 miles north. The main line of the Union Pacific
Raitroad is about 125 miles west of the Kaiparowits; the Cedar
City spur comes almost as close as that of the Denver and Rio
Grande. The lands between the raftroads and the Kaiparowits are
rough with high relief. The nearest regularly served airport is at
Page, Arizona, just acros the Utsh border near Glen Canyon Dam.
Sevenal diet nding strips are located on benches on the platesu,

Climate

Rainfall varies between 6 and 20 inches, depending on
altitude, indicating a steppe climate. Thit means that evaporation
exceeds precipitation and water becomes scarce especially in the
lower altitudes (water is discussed scperatcly in the Water
Resources section). High areas generally have two peaks in precipi-
tation, one in the winter months due to cyclonic storms and one
commencing in late June or early July due to convection. The
convectional storms are usually short-lived and spotty but often
scvere causing great damage in flash floods. The lower areas have
similar but subdued peaks and storms are less frequent. The driest
part of the year is usually spring. The average high temperature
during July in Escalante is ncarly 90 degrees. At the south edge of
the Kaiparowits Plateau below the cliffs the average high tempera-
ture is about 100 degrees im that month. Evening temperatures
during July range between 50 and 60 degrees. During January, at
Escalante, the average low temperaturs is about 13 degrees and the
average high about 41 degrees.

HISTORICAL OUTLINE

Though the coal of the Kaiparowits was known and mined
in early years, it had not been systematically studied until Gregory
and Moore studied the ares and published their work in 1931,
This work provided the basis for geologic work in the following
years. Robison, Grose and Peterson, to name 2 few, have made
detailed studics of the geology and coal.

Kaiparowits coal was mincd soon after the first settlers
became established in the 1870°s and 80°s in the Alvey Wash area
B oot ‘ . E - r '... o :':'f,"
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H. H. Doeiling and R. L. Grahem-Southwestern (tak Cosl Fleids.

Spencer mine was opened in Warm Creek on the southeast edge
of the plateau. The coal was used to run a river boat on the Colo-
rado River and reported to have been used as fuel at gold mining
operations on the Paria River (Averitt and Cashion, 1965).

Mining limited to local needs continued with some prosper-
ity through the early 1900°s. It persisted until the carly 1960’s.
All mines are now ciosed, many are abandoned and caved or ina
state of disorder. Conversion from coal to other fuels by the local
people forced the abandonment of the mines.

A list of the important mines and their production where
available follows (table 1).

Table 1. Coal mines and their production, Kaiparowits Plateau coal
field.

Aversge
Mine Years of Activity Production tons/yr.

Alvey 1952-1962 1,200
Cherry Creck 1962-1964 214
Christensen 1393-1930 100
Cora Croek ? ?
Davies 1952-1953 100 tons total
Pollock 1920-1928 ?
Richards 1913-1928 100
Shakespear 1952-1964 480
Shurtz 1913-1928 100
Schow 1393-1930 ?
Spencer 1910-1913 115 tons total
Winkler 1920°s ?

In the past decade the need for power in the more popu-
lated areas of the west United States has heightened the interest in
the Kaipawowits coal field. Many large and impressive programs
have been undertaken to establish the exact quantities and
distribution of the coal. Lands sct aside for coal leases have been
acquired by large companies and small operators. Many of the
early mine properties are still held by their original owners.

The convenience of Lake Powell as 2 source of water makes
possible steam-powered electric plants in the area. Three such pro-
posals are now being studied (see section on Economic Considera-
tion).

n

GEOLOGIC SETTING

Stratigraphy

The coal of the Kaiperowits Plateau ficld i confined to
Cretaceous rocks; the lithology, correlstions, conditions, facies and
other changes that are amociated with them are of great impor-
tance (figure 3). The Generalized Section of Rock Formations of the
Kaiparowits region follows and should be heipful in understanding
the goologic setting (figure 4).

Navsjo Sandstone

The stratigraphic units underlying the Cretaceous shown on
the geologic maps are all of Jursssic sge and begin with the lower
Jurassic Navajo Sandstone (figure 3). The formation is easy to
recognize and well displayed to the east, west and south of the
plateau. To the east it forms the walls and rimrock along the
Escalante River Canyon and to the south it is exposed along the
rim of Glen Canyon slthough much is now submerged under Lake
Powell. The walls of the Paria River to the west are alwo lined with
the Navajo. The unit is everywhere a cliff former. Between can-
yons it forms uneven surfaces, mounds and rounded masses. It is
mostly a finegrained sandstone, with elabarate aeolian cross-
bedding, otherwise massive with calcareous cementation. On oc-
casion a limestone bed interrupts the sequence of sand. The Nava-
jo is strongly jointed, usually vertically, often widely spaced.
Sometimes one trend dominates, most often two. The joints local-
ize the secondary canyoms cut into the formation. The sand is
frosted quartz loosely held together by the cementing material.
The cement also contains varying amounts of ron oxides which
give the unit its colors. The colors that dominate are cream-yellow,
white, pink and tan. The Navajo ranges in thickness from 1,200 to
1,800 feet, thinning west to east. It intertongues with the overlying
Carmel Formation and iz, at least in part, unconformable with it.

Carmel Formation

The Carmel is everywhere found above the Navajo Sand-
stone. To the east it is exposed in the flats below Fiftymile Bench,
to the south along the Glen Canyon section of the Colorado River
(where it is not inundated), to the east it is scen along the
Cockscomb with 2 broad irregular outcrop south of the Tropic
amphitheatre. The unit consists of interbedded shale, sandstone,
limestone and gypsum. Most of the unit is stained red to maroon.
Near Escalante the unit contains gypsum beds, white to light
green, which disappear south of the Kane-Garfield County line.

Panorama along Willow Creek.
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.- Thickness
Sy stem- Setics Stratigraphic Unit (Poet) Description
Qligoceas? Latiee Oows 220- 600 Volcanics, maialy latite flows.
Uncoafommity
Eocons Upper varisgated member 0 550 Pk, white, oramgs cab d , o , thale and
> [ , with ssbordi d wpper pert vacke-
% Whits lmestone member o 330 gated sitstons, mudsions and mnd middle part
E mostly white Nmestons; and lower part mostly pink liswe-
E ! Pick limestons member o 200 stoms,
Uncoafemmity
Palsocens !i Mwdstons member > 400 Red and gray mmdstons aad bentonitic claystons overlying
interbodded Nght beown, gray, pink sad red madstons,
Campanisa iz Conglomsmtic member o 500 conglomentic sandsiens and conglomersts,
Uncoafermity

Kaigasowits Formation 2,000-2,500 Gazy to dark gray, fise- t0 modenniely , frisble
‘salt and pepper’ arkosic madstons with subordimate Nght
pay mudstoss; wesk caicarecus cement, fooms badiands
and ‘dopos,

Wekweap Formation 760-1,350 Yellowgrzy msistant madstons, grtstoms and conglometste
slternating with yellow-esmnge acarcsistant sandstome snd
gy mudstens; lower halfl dominaatly nosscsistant, uppes
half messive and haod.

Dedp Tamk 100- 350 Yellowbrown 9 guy-emegs, fine- 16 medivm-grained saad-

Membeac stons with seme gritstons and conglomemts intorbedded
” -
g TE— with subesdingte gray shals; resistant clifY former,

Joha Noncy 500- 900 Intecbodded yollowgny, white aad orangs mediomgrained
lf Momber sndstons, grsy shale, carbonaceons mudstons and coel;
1) Santonina forms Indgy ouicsops; often exhibits wddish te black
6 4 MAJOR COAL outcops from clinkar and burned sad dwe to i

Comiacian s p——-  3KANMI buzning of coal.
- Unconfosmity
Turoninn l Smeky Hollow 24- 5007 Interbedded white or yollowgray madstone, light gray to Sark
! Mamber smy d ad th thin cosl seams; lower part
k] Isdge 10 siope fonming, wpper part cHfY forming.

MINOR COAL

[ ———

Tihbet Canyon 70- 188 Yoellow gray sad gmy-omage, medium-grained madstons inter-

Momber bedded with ssbordinate gray mudstone; cliff former.

Tropic Shals 5$50-1,000 Medium- to dark gmy asglliacecus to sandy shale, containg thin
yellowgray madetoms beds at top mmd base, otherwies

MINOR COAL waiform; focme badiands and dopes.

Cenomanian Dekota Formation o 230 Yollowgrzy madeions siternating with gray shale, carboma-
coous shals aad cosl; ferms semisssistant ledgs.

MINOR COAL

Uncoaformity
Upper Morrison Formation 0 36 Mosty ydiow, gmy sad browa madstoms, gitstens and
conglomennts, massive, intecbodded with subardimate blve-
o of pumpls mudstons; highly resistaat cliff former,
occasionally evesisin by thin interval of purple and blue-
prean claystows.
Summerville Cow Sgcings oi O Summervilie b Nght sod, drown md pray medstons forming
Formation Sendstons 200 | 150 banded
o Cow Spcings is paic gresnish yellow to gray-orange fine-grained
= sadatons with minor mudstens conglemecute.
g Entmdu Sandstons 200- %00 Mostly ocangs fine-gmined madstons with snddinh shals; upper
2 part mose sesistant than lower part and is streagly cress-
bodded; upper uwait often graywhite esler; celluviam or
sand often found en lower wait.

Carmel Formation 20- 520 Pk and sod sandy dhsls, white and yellow madetons, maroon
and blusgeesa limestons, whits and light groem gypewm
beds; weathers te badlands

Lower Navejo Sandstons 1,200-1,800 Cream-yellow, whits, pink and Gan medium- and fine-grained
sandstone, exhibiting lagge-scals seclian crom-bedding;
cal and clfT forming

Figure 4. Genenlized section of rock formations, Kaipsrowits Platcau coal field,
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Straight Cliffs Formation

The Straight Cliffs Formation, lying sbove the Tropic Shale,
contains the most important coal resource in the Kaiparowits
region. Gregory and Moore (1931, p. 91) named the unit after the
escarpment of Fiftymile Mountain south of Escalante where the
lower cliff-forming sandstones of the uait are beautifully expoeed.
Subsequent workers (Peterson and Waldrop, 1965, p. 62463;
Bowers, 1968a and b) dropped the sandstone term and applied the
more general “formation” to the unit. This was done because the
strata are composed not only of sandstone but 2iso contain
significant amounts of mudstone and some coal, conglomerate,

" siltstone and coquina. Peterson (19692 and b) conducted s
.detailed study of the formation and its stratigraphy and facies

changes in the south half of the Kaiparowits Plsteau (figure 6). He
subdivided the Straight Cliffs Formation into four members, oldest
to youngest, the Tibbet Canyon, Smoky Hollow, John Henry and
Drip Tank members. The lower and upper members are almost
universally cliff formers, dominantly sandstone and barren of coal.
The Smoky Hollow is ledge and slope forming in some areas and
very cliffy in others. It contains thin coal scams and a large amount
of carbonaceous mudstone. The John Heary is the thickest
member and contains coal seams-up to 25 feet in thickness; they
congregate in three or four irregularly spaced major zones.

Tibbet Canyon Member

The lower member, the Tibbet Canyon, forms the first
prominent sandstone cliff above the Tropic Shale. From a
distance, when the contact is not obscured by tatus or landslide
debris, the boundary is sharp, but close examinstion reveals 2 zone
of alternating ssndstone and shale beds. The map contact is placed
at the base of the first prominent ledge-forming sandstone bed
which is more than three feet thick (Lawrence, 1965, p. 87-88).
This zone intertongues with the Tropic. The Tibbet Canyon is
mainly a yeBow-gray to gray-orange, fine- to medium-grained send-
stone interbedded with sandy gray mudstone. The unit varies from
70 and 18S feet in thickness, is persistent and is usually recogniz-

m”

able throughout the Kaiparowits region. Along the base of

Fiftymile Mountain the unit often is concealed by talus, especially
the lower contact. The overlying Smoky Hollow is cliffy and looks
very much like the Tibbet Canyon in this locality. The exact posi-
tion of the upper contact is difficult to locate. Elsewhere the
Smoky Hollow is a series of less resistant beds making a generally
sharp contact. Occasionally fossils of inoceramids, cephalopods and
shark teeth occur in the Tibbet Canyon. The type section of the
Tibbet Canyon Member is located on the east side of the
southesst-trending spur on the north side of Tibbet Canyon in the
N NE NE of sec. 14, T. 42 S., R. 3 E. on the Nipple Butte NE
quadrangle (Peterson, 19691, p. J26).

Smoky Hollow Member

The succeeding Smoky Hollow Member is an alternating
clifi- and slope-forming unit with ssndstone, mudstone, carbona-
coous mudstone and coal beds. In the south Kaiparowits the unit
can be divided into three subordinate members: 2 coal zone at the
bottom, a middle barren zone and an upper Calico bed. The coal
zone ranges up to 47 feet in thicknes but is shsent over some of
the anticlinal areas. No coal appesrs along the Straight Cliffs, but
some thin coal beds are reported in the lower part of the Straight
Cliffs by Robison (1966, p. 35), Bowers (1968b) and Zelier
(19672) in other pasts of the plateau. These thin coal beds seem
to fit in the same stratigraphic interval occupied by the Smoky
Hollow. The seams are usually thin, rarely exceeding 4 feet thick.

The middle barren zone consists of alternating, mostly gray
mudstone and pale yellow-brown sandstone beds. It varies from 13
to 110 feet in thickness in the south Kaiparowits and is difficult
to recognize ehewhere. The outcrop pattern produces steep step-
like ledges leading up to the mostly resistant upper Calico bed.
The Calico bed ranges up to 51 feet in thicknes in Peterson’s area
of study and is not everywhere presemt. The dominant lithology is
white or very light gray, fine- to cosrsegrained, poorly sorted
sandstone. Occasionsily there are conglomerate or gritstone lenses.
The white coloration & a prominent maker in the south
Kaiparowits and is aot found ehewhers in the region.
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Figure 7. Disgramematic section of Straight Cliffs Formation facies, south Kaiparowits Plateau (after Peterson, 1969 b, p. 149, 150).

anticline and In most of Crotoa synciime, the fine-grained well-sorted thick
cAiff-{forming key madstonc beds are common. And in the northessternmost
part of the Stmaight QMfs eccarpment, the interbedded very Ono-grained,
wel-sorted é and gray dot of the i d ng!
are commos,

He disgrammatically iltustrates the relations of the southeast
Kaiparowits (figures 6 and 7). The composite sections (figure 8)
show ome of the relations in other areas as woll. A study of these
indicates the presence of at least four coal zones and facies
changes that limit the cosl in the Kaiparowits region.

The four coal zones, in ascending order, are the Lower coel
zone and the Christensen, Rees and Alvey coal zones. The Alvey
and Christensen have the most promising seams. The Christensen is
probably correlative with the Henderson coal zone of the Tropic
area wheve it is the only important one. In the Escalante area the
Christensen and Alvey zones are most importamt and in the Smoky
Mountain area the Rees and Christensen zones are the more valu-
able ones. East of Croton-Rogers Canyon the John Henry Member
becomes increasingly sandy with the exclusion of mudstone and
coal. West of Warm Creek the coal zones thin at the expense of
the barren zones. More detail about the condition of coal in
vanous areas 18 given in the duscussion of the coal deposits.

Coal has burned natunally in outcrop throughout the
coaliferous part of the John Henry. Several fires are in fact sull
burning. The burning 1 estimated to have continued to 83 much as
200 to 300 feet behind the outcropt leaving the John Henry

slopes cluttered with red-bumed sandstones and red, pink, green,
purple, black and yellow brick ciinkers that give an overall reddish
hue to the outcrops. Most of the thinner coals, especialty those of
the Lower coal zone, sre unburned. Larger arcas have been burned
in the south part of the Kaipsrowits Where the burmning has been
intensive, overlying rock layers have collapsed, creating faults,
grabens and general tunmodil in the bedx

The upper part of the John Henry interfingers with the Drip
Tank Member. The contact is generally easy to find at the base of
the first thick cliff-forming sandstone above which no sgnificantly
thick nmudstone beds can be found. Fossils are not abundant but
occasional coquina beds yield 2 varied fauna including pelecypods,
gastropods and cephalopods. Shask teeth occur occamonally in the
thicker sandstone units.

Drip Tank Member

The youngest member of the Straight Cliffs Formaton is the
Drip Tank Member. The resistant mndstone units form 2 caprock
from which uvertying (ormations are cither completely removed or
well eroded back. The bench m a prominent one best developed
along & north-south line from Nipple Bench to Carcass Canyon.
The lower part 8 mwre reustant than the vpper and forms the
caprock of the canyon cliffs.
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) As indicated, the
Wahweap-Kaiparowits formations in the Kaiparowits region have
litthe in common with the Mesaverde. The presence of coal in the
Mesaverde is in marked contrast to the youngest Cretaceous strata
of the Kaiparowits Plateau.

Aseas Southeast of the Kaiparowits Plateau

The Cretaceous Dakota Sandstone in the San Juan and Black

Mem tegions is equivalent to the Dakota of the plateau. In the San.

Juan Basin, though, the Dakota is not the first Cretaceous unit
encountered; the Burro Canyon Formation underlies it. According
to Peterson (1969b) the Black Mes regioa in Arizoma, the Tropic
Shale and the Mancos Shale are equivalent. The lower Straight
Cliffs is stratigraphically equivalent to the Toreva Formation and
the Wepo Formation correlates with the upper Straight Cliffs of
the Kaiparowits area. Within the Mancos are coaley members
corresponding to the Straight Cliffs Formation of the Kaiperowits
Plateau. Toward the top of the section there is no correlation to
speak of. The Wahweap and Kaiparowits formations are unique to
southwest Utah. The cormrelation diagram of Cretaceous units in
south Utah (figure 12) shows the east-west relationship of the
coakbearing rocks in and around the Kaiparowits Plateau as
discussed.

COAL DEPOSITS
Status of Information

The early work of Gregory and Moore (1931) and the work
of private individuals who opened the mines were the only serious
studies of the Kaiparowits coal field prior to 1960. At that time it
became evident that the nation, i the face of increasing
populations and higher encrgy demands, would soon require the
exploitation of the large untapped coal resources of south Utah.
Lands were acquired by various companies and private exploration
soon followed, principally in the form of drilling. Atlantic-
Richficld, Peabody Coal Co., Resources Co., Sua Od Co. and 5. H.
Knight have had exteasive drilling programs on their propertics
and probably nearly 300 tests were made. Governmental agencics
such as the U. S. Geological Survey, the U. S. Bureau of Mines
and the Utah Geological and Mineralogical Survey sent geologists
to the Kaiperowits to gather surface data and to map the impor:
tant parts of the region. Many studies are in progress. Knowledge
of the area is still preliminary although in some greas the data are
becoming detailed.

Analytical data are inadequate except in dealing in general-
ities. Little or no data exist conceming roof or floor conditions
for the scams. Correlations are still insecure, even in areas where
drilling has been extensive, due mainly to the lenticular nature of
the scams. Many arcas on the plateau are still unmapped.

Mines, Prospects and Production

Mines and prospects in the Kaiparowits Plateau coal field are
listed below (table 3) with their locations sad other pestinent
data. The total cosl removed from all mines is unknown but prob-
ably totais less than 25000 tons (Grose, 1965, p. 132). These
mines are now asbsadomed or inactive. Figure 13 shows locations
of the coal seams and mines in the Kaiparowits Pisteau coal field.

Land Ownership (figure 14)

Land and minerals of the Kaipsrowits Plsteats coel fleld are
owned by the U. S. Government and the state of Utsh in a
proportion of approximately 10 to | (figuze 15). Land holdings by
corporations and individuals are in the form of federal leases and
permits and state leases (table 4). Federal leases are distinguished
from permits in that the former are obtained by competitive
bidding by qualificd persoms and allow the lessor to mine or hold
without mining designated lands for 3 20-year renewable period.

Utah Geologica! and Mineralogicel Survey Monogreph Serier No. |, [972

Table 3. Coal mines and prospects of the Kaiparowits Plateau coal

field.
Mine or Progpect
(by quadsangic) Locatioa Remarks
Canaan Croek
Alvey mins SE.NW.12-363-2E Active 1920-1962
4,171 885mN 444 310mE 1952-1961 1230 TPY
(mactive)
Schow mine SWSW.36-358-28 Active 1393-1930
4,174,305mN 443,755mB
Prospects 1-348-2E
4,173,625mN 444 465mE
1-363-2E
4,173685mN 444 46SmE
Christonstn mins C.NW.SWSE.35-35S-2E 1893-1930
4,174,270mN 442,735 overy yous 1920-100
TPY (inactive)
Richards mine NE.NENESESE 35-35S-2E 19131918 100 TPY
4,174,395mN 443,380mE avecags (inactive)
Shurtz mine NW.SW.SW.36-338-2E 1913-1928 100 TPY
4,174,295mN 443 S4SmE
Winkier mine SWSWSENW, 12-36S-2E  Absadoned
4,171 ,630mN 444,21 SmE
Geiffin Point
Cherry Creek mine SE.3-35S-1E Active 1962-19647
4,180,670mN 429,185mE 214 TPY (imactive)
Cora Croek mine $%.5-35S-1E
4,132,210mN 428 600mE
Prospects S%.5-33S-1E
’ 4,132,388mN 428,610mE
$%.4-35S-1E
4,182,930mN 430,230mE
Gusaight Butte NW
Prospect 842S4E
Henrieville
Prospect (Dakota) 25-378-IW Little Creck
Necdls Eye Point
Prospect NENE.NE.NE.3340S4E
(Johm Henry) 4,127 670mN 458,240mE
Nipple Butte NE
Speaces No. | mine SW.SW.3428-3E 1913 omly 11S tems
4,114 8S0mN 448 £90mE Abandoned
Spencsr No. 2 minse  SW.SW.3412S-3E
4,114 940mN 448,780mE
Prospect NWSW.12425-3E
(Joha Henry) 4,113,730mN 452,220mE
Warm Creek NU NV J641S-RIE 1971.
tal mins 4,117 890mN 452,760mE
( Canyom)
Nipple Butic SE
“Dekota™ mins NESW.743S4E 456 toms total
4,104 300mN 454 200mE production
Parla NW
Beyce Canyon csal SW.NE21428-1W Intermittont
and coke mine 4,111,120mN 413,900mE 193919707
Poe Lake
Duviss mine NE_NE _36-363-2W Active
4,165,740mN 416,2)0mE 1952-1953
Pollock mine SE SE.25-348-2W Active
4,163 ,540mN 416,305mE 1920%
Shakespes NW.NW.23-348-2W Active 1952-19¢3?
(Tropi) 4,168 ,630mN 413 .330mE 430 TPY Average
(inactive)
Teopic Canyon
Prospect SE.NW.5-36S-2W

4,173,190mN 409,090mE
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Table 4. Coal land holdings in the Kaiparowits Plateau coal field.

Acres
State of Utah | Fedenal icases

Name Ieoses or pecmits Total acees
Armstrong, D.E. 340.00 - 840.00
Atlantic- Richfisld 14,163.72 25,7138.12 3990244
Bryce Canyon Coal & Coke - 40.00 40.00
Consolidation Coal - 25,53341 25,53341
Denkicf, M. - 1,093.34 109334
Davies, B. 40.00 - 40.00
Deicoal, Inc. 3,200.00 15,929.53 19,129.53
Dev. & Resources Co. 1.200.00 - 1,280.00
Faltick, M. L. 960.00 - 960.00
Frandsen, G. H. - 160.00 160.00
Healy, R.L. 303935 - 803.95
Hiko Bell Mgn. & O . 128000 1,046.00 - 2,320.00
Holiberg, R. J. 3,797588 . - 319738
Knight, J. 0. 160.00 12,904.75 13,064.75
Peabody Coal Co. 1,280.72 28,084.72 2936544
Philtips, J. W, 160.00 - 160.00
Rasmusssn, W. L. 1,919.9¢ 8,774.72 10694 68
Resources Co. 6,21044 39,355.19 45565463
Seatry Royaty Co. 1,290.72 - 1,280.72
Shakespear, A. - - $0.00 $0.00
Sun Of Co. 451160 21,711.00 2622240
West, S. H. - 960.58 %088
Woods Petroleum Co. . - 14.249.05 14,249.05
Grand Totls 4138899 19565531 237 54430

A permit holder may prospect or mine from
his lands for two years. The permit may be extended for two
years by continuing to pey an anmual rental and agreeing to
perform certain exploration work during the renewal period. This
work customarily consists of drilling ons hole in each square mile
of the land. This permit may be coaverted to a lease withou
competitive bidding at any time during its life after the land
been proved to contain minable coel.

The locations of the above land holdings are
Leases and Permits Map (figure 16). The major land-hold
were selected beginning in 1961 on the besis of informa
available from the few published
owned by the federal government wers obtained
and then converted to leases. Mors recently certain
were obtained by competitive bidding after it hed been
that the lands did contain cosl in minable quantities.
hbundred holes were drilled to prove the land by
hoiders, but only a small part of the data have
svailable for publication.

The purposes for land acquisition are varied. The utilities
group (Resources Co.) wants reserves for use in s projected steam-
generating plant. Firms active in coal production elsewhere Jook to
the future for posible markets for coal that they hope to mine
from their holdings; others soquired lesses and permits for inwest-
ment while firms active in petroleum regard coal reserves as a
source of hydrocarbons convertible to gas and liquid forms when
technology and economics provide s suitable method.
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B Quality of Coal

More than 100 analyses of Kaiparowits Plstesu coal are
svaflable (table 5). The rank ranges from subbituminous C to
high-volatlle bituminous A. In general the ash content is moderate
to high and the sulfur content as mined is low to moderate. The
coal has no coking propectics and in some sress would require
mechanical cleaning to insure a mtisfactory fuel for power produc-
tion or as a sourcs of solid hydrocarboms for conversion to other
forms of fuel. Rank and other constituests of the analyses vary
from area to area.

Table 5. Quality data for the Kaiparowits Platesu coal field.

Perosmt
Range T Average | No. of analyses

KAIPAROWITS PLATEAU COAL FIELD (all arems)

Moisture 3602870 1133 137 asreceived
Volatis matter 21925738 4363 l64 &y
Fixed carboa nILTISL 4725 16k dey

A 1383303 196 16S&y
Sulfur 026-340 087 1294y
By L 8414236 11999 16l dny

SMOKY MOUNTAIN AREA COAL

Moisture 370420 943 77 aseeceived
Volatie matter 21925738 244 94y

Fixed carbon 2317151 4470 9ldry

Ash 3401930 859  9ldry
Sulfer 026- 150 075 9y
pam 1073613746 12401 91 dry

ESCALANTE AREA COAL

Moisture 350240 1051 40 asreceived
Volatlie matter 37415749 4539 S3ay

Fixed carbon 38495359 4631 S3dy

Ah 3382489 780 Sedy
Suifer 042340 126 24dny
/v 349914236 11563 Sl dy

TROPIC AREA COAL

Moisture 93628.70 1930 20 asreceived
Volatie matter 35734803 © 4442 204y

Fixed carbon 312347.00 4181 ey

A 1713303 1377 04y
Suifor 060173 098  l4dy
Bu/b $226-12699 11207 17 dry

About onec-half of the analyses are from surface outcrops
or from the old mines. Most are channel samples, a few grab
mmples. In the Smoky Mountain area the Biu/lb value is a
trifle higher since most of the analyses were made of the Christen-
sen coal zone, the deepest of the more valuable zones. Coal in the
Christensen zone of the Eacalante area is companble; Alvey coals
run an average of 500 to 1,000 Btu/lb less. The lowest heat vaiue
is fram the Tropic area in the Christensen (Henderson) zone where
coal contains more moisture and ash.
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Moisture is greatest in the Tropic area and about 2 and 3 per-
cent greater than Escalante and Smoky Mountain respectively. In
the Escalante area the coal becomes more moist west of the Upper
Valley anticline. It is not known whether adequate precautions were
taken in some of the sampling procedures to protect them from
moisture before testing.

The highest figures for volatile matter and the lowest ash con-
tent were in the Escalante ares. The highest fixed carbon and lowest
volatile matter were found in the Smoky Mountain ares. The Tropic
arca was lowest in fixed carbon and highest in ash content.

Sulfur content was highest in the Escalante ares but this
characteristic is not typical of the ares. Several high sulfur analyses
were obtained from one mine (Schow mine) that affected the
average figure. It is believed that the figure is more like that for
the Tropic or Smoky Mountsin area. The sulfur averages shown in
table 5 (page 93) were all calculated on a dry basis. A very low
sulfur analysis from the Escalante ares is the only one available for
breakdown into forms of sulfur. It was taken at the Alvey mine in
1945 (table 6) and claseed as subbituminous B (Waker and
Hartner, 1966).

Table 6. Analysis of 2-inch tipple sample, as-received, from the
Alvey mine (in percent).

Percent
Moisture . ... ....cc0ccveececononn 17.7
Ash . .. ... . . . it e veeas 18
Sulfur . . .. ...ttt it cee. 042
Sulfate . .......cccvuun esese.. 003
Pyritic . ... it e it i 0.10
Ofganic ... ...ooveenesenane ee.. 029

Gomez, Landers and Boyd (1967, p. 12) calculated carboni-
zation product yields from coal at the Alvey mine, Escalante area
(weight-percent of maf coal: char 68.2, water of decomposition 8.0,
tar plus light oil 14.1, gas 9.0, gas volume (scf/lb) 1.313 and gas
(Btu/scf) 581. Carbonization temperature is 500° C.

Reserves

Coal resources of the Ksipsrowits Plateau coal field are
contained in two, possibly three formations: the Straight Cliffs,
Dakota and possibly the Tropic Shale. The combined reserves cal-
culated in this study and inchuding all classes of reserve total 15.2
bilion short tons. The minable portioa of this figure will be
limited to between 33 and 50 percent of thst amount. This
tonnage figure includes only seams four feet or more thick. In
1931 Gregory and Moore provisionally estimated Kaiperowits
Plateau reserves as 3 billion short tons. This figure was carried by
the U. S. Geological Survey by Paul Averitt (1961, 1964) until the
mid-1960’s and increased to 40 billion tons based on recent work
and study of the general geology of the area. In 1970 the U. S.
Geological Survey reported 7.2 biilion tons as indicated reserve
based on mcasurements Jess than 1% miles apart (Westerberg,
1970). This anslysis by the U. S. Geological Survey implies that
much more will be added to indicated reserves as more drill-hole
information is obtained and becomes avallsble. It is assumed that
data from nearly 200 drill holes on federal lands were availsble for
the compilation of this estimste. It is not clear, however, whether
scams less than four feet were considersd in Lhe estimation.

Resources Co. (Asizona Public Servics, Sowthern California
Edison and Sen Diego Gas aad Elactric) estimated & total reserve
of 1.855 billion tons of cosl in its 71-square-mile holding. This is
based on coal beds of four feet or more im thickness. A total of
372 square miles of Kaiparowits coal lands are under leass of
permit. It then appears reasonable to assume that the total area
contains proportionately as much as the Resources holdings
because a substantisl amount of the total area seems to contain
equal or better surface indications of coal. Thus reserves on all
hokfangs in the Kaiparowits Platcau coal fleld would total 9.719
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bilion short tons. Some of the monleased areas that have been
studied are sure to contribute sdditional reserves. Calculations
indicate that the figure might be enlarged to 11.1 billion tons. If
onethird & recoverable that would allow 3.7 billion tons for
exploitation. Some appreciation of the magnitude of this amount
of energy reserve may be gained from the realization that it would
supply sbout cighteen 2,000,000kw electric generating plants for
2 35-year period.

The reserves calculated for this report are classed as follows
(table 7):

Table 7. Definition of reserves for Kaiparowits Plateau coal field
(in short tons).

IClass | Measured reserves Based on adequate explor-

ation and development
data, properly correlated.

Indicated reserves

Based on geologic meas
3,984,800,000*

urement supplemented by
limited drill-hole informa-
tion and limited to 1%
miles from a control
point.

IClass I Inferred reserves

3,893,200,000

Based on geologic infer-
rence and projection of
the habit of the cosl
beyond 1% miles from
control points.

Short tons

Based on geographic and
7,320,000,000

geologic position with lit-
tle supporting data and
includes coal up to 3,000
feet of cover.

Total 15,198,000,000

Vincludes 2 small smount of Class | reserve.

A breakdown of the reserve into quadrangles is given in table
8. The information indicates that the Christensen coal zone is the
most valuabic and that reserves for all zones lower than the
Christensen, including those of the Tropic and Dakota, are minor.
No coal scams less than 4 feet thick were included and no coal
deeper than 3,000 feet was considered.

The above shown reserve estimates compare favorably with
those based on Resources Co. drilkhole data. A Clas 1V determi-
nation was made to extend the Resources Co. cakulation to
unieased arcas where the geology inferred that an additional poten-
tial reserve could be expected (table 9).

In summary, the reserve that can be considered for exploita-
tion in the foresceable future is between 14 and 15 billica short
tons, and depending on many unknown factors inchuding recover-
shility, at least 4 billion tons should be minable.

Coal Seams (figures 13 and 17)
Escalante Area

The Escalante area of the Kaiperowits Platesu coal field
coatains a little more than 3.5 billion tons of reserve in five coal
2on¢cs (excludes Class 1V). These five coal zones are, in ascending
order: Dakota, Christensen, Rees, Alvey and Upper Alvey. Another
lower zone contains coals of poor quality in thin secams.

The Dakota coal zone fringes the Kaiparowits Plateau along
its northeast cdge in the Escalante area. The coal in the unit rarely
occurs in seams more than 4 feet thick, but in the Dave Canyon
quadrangle, a few miles south of the town of Escalante, several
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Table 8. Coal reserves by quadrangle of Kaiparowits Plateau coal field (in millions of short tons).

Quadrangies ﬁPx Coal Zows Reog % Zows Christensen Minor Coal Zones$ ‘ To
Class n I m X1
Basin Canyon - - - - - - - - -
Canean Creck X 302 234 - 1753 46 - - 3978
Calico Pesk-Horss Flat -~ - - - - - - - -
Carcass Canyon 168.8 31 63 - 2538 1516 - - 6290
Collet Top 1433 252 - - 548 2464 - - 4698
Dave Canyon 420 40 - - 79.3 154 297 - 1704
Death Ridge 632 295.6 X - 97.0 948 - - 10602
Exst of Navajo 1.1 - 3 - '3 122 49 - 276
Geiffim Point 105.0 729 109.7 - 719 9 - - “91
Gunaight Butte NE - - - - 178 S - - 179
Gunsight Butte NW - - - - 2302} 1997} - - 299
Gunsight Butte SE - - - - - - - - -
Henrinvile - - - - 13.0° net 134 - 434
Needic Eye Point - - (77 1565 208.8 2315 - - 6334
- Nipple Butte NE - - - - 212.8* 5.7° - - 2722
Nippie Butte NW - - - - - - - - -
Nipple Dutte SE - - - - 103¢ 5ot 230 - 383
Nippie Butte SW - - - - - - - - -
Paria NW - - - - - - 04 - 04
Petes Cove el 2517 63 - - s - - 8086
Pine Lake - - - - 29703 314.0° - - 611.0
Seep Flat - - - - 192 29 - - 281
Ship Mountain Point - - - - 963.0? 28? - - 12658
Slickrock Bench-Butier Valley  — - - - os? S - - - 0.8
Tropic Casyon - - - - 160.0° 1610 - - 321.0
Upper Valley 34.1 469 124 423 106 - - - 147.0
Other arces - - - - - - (71 - 65
Total 7619 7640 bITR] 993 . pXZ:X] i - T3730
Zone totals 1,526.9 4574 53166 7.1
Potential resmeve Uamapped sreas with litthe supporting data. 73204
Geand total is.19t0

341 Straight Qiffs (John Heaty) 0wes combined.
’Hendnmcedzm(canddn).
Includes some coal from the Rees sous.

‘Iuhd-hunndh-lmeulm.
$)nchedes Lower, Smoky Hollow, Duketa and Tropic coal zones.
(Totals are rounded)

sections indicate coal between 4 and S feet thick. The seams occus
at the foot of Fiftymile Mountain, have shale or shaley sandstone
roofs and would have to be deep-mined. The scams are Jocated in
the middle of the formation which is about 140 feet thick.

seem to be more abundant in the west part of the ares.

The Christensen zome & the most valusble of all the
zones in the Excalante area, It is well developed in most
the area, except perhaps in the Upper Valicy and Griffia Pol
quadrangies and in the exireme north pert of the Cansan Creek
quadrangie. In that part of the Escalante area the scams sre more
featicular and in places the zome does mot have seams of mimable
thickness. The zone improves (0 the west and south where often

considersble separation. In the extreme west part of the Carcass
Canyon quadrangic the Christensen aome pinches out as lagoonsl
facies are supplanted by beach and mesrshore sands. The west Hmit
of coal occurs 2 or 3 miles west of the plateau front near the mouths
of Right snd Left Hand Collet canyons,

Table 9. Comparison of reserve estimates from various sources for
the Kaiparowits Plateau coal field.

This estimate Based on Resources Co. | U. 3. Geological
(bitlion short tons) dril-hole data Survey
Cun i, I 3988 1.858 7200
Qlass 1L 31893 9.243
s LV 1.320 3.138 32300
Totsl 15.198 14.238 40.000
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Figure 17. Areas of coal deposition, Kaiparowits Plateau cdal field.
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The Christensen zone is coincident with the broad band of
commercial coal discussed previously which trends north-northwest
from the northern limits of the plateau to the southeast srea of
the field. Qutside this band, to the northeast, there is little or no
coal in the Christensen zone. Southwest of the band the coal beds
thin to less than 4 feet but persist for a few more miles into the
Nipple Butte area. In the best areas the coal seams are 15 feet
thick. The zone divides into many coal beds near the center of the
plateau much like the other zones. Because evosion has stripped
overiying formations from the top of the Straight Cliffs
Formation, the zome is never more than 800 feet below the
surface in the east part of the area. To the west the Wahweap rests
sbove the formation and forms a deep cover over the zone.

The minor Lower zone of cosl lying near Needle Eye Point

has the same characteristics as the other zones. The thickest seam
is sbout S feet; extent of the zone i limited and ernatic. An

additional coal zone occurs in the Smoky Hollow Member of the

Straight Qliffs Formation. The coal scams are usually less than 4

feet thick.

Natural burning in the Smoky Mountain area along the

outcrops has been so hot that slag was formed from the shales and
sandstones. The south part of the plateau was hardest hit by
burning which devasiated as much as 100 square miles around
Smoky Mountain. A few continue to burn unchecked. The
Jocation of these fires is as follows (1970):

Location Comments

SW.SE.22-39S-SE Odor of smoke from fractures
SW.NW_35-405-SE Dense smoke {rom fissures
SE.NE.7-40S-SE Dense smoke from fisures

East side of Smoky Mountain Bureau of Mincs working to queach fire

These fes are wasting an important natusal resource. It is

sometimes difficult to tell which coal seam has burned because of

the effect of the fire on other seams. The extent of the burn

underground is probably several hundred feet and has collapsed
overlying strata, making correlation of seams difTicult.

The structural clememts of the Smoky Mountain area will
not cause difficulty in mining the coal. Dips are gentle and faults

are few and of minor displacement.

Tropic Ares

Significant cozl beds in the Tropic area occur in the Dakota
and Straight Clifls formations of Cretaceous age. The thickest
seams are confined to the Straight Cliffs and are of the most

economic importance. The Dakota Formation may prove o be an

important coal-bearing unit but sufficient data are not available to

give many details at this time. Early papers reporting poor quality

and thin lenticular nature of the Dakota cosl have been
responsible for the limited exploration of the unit. Certain proper-
ties in the Tropic amphitheatre directly over the Dakota have been
leased for coal. The average cievation sbove sea level of the
Dakota oultcrops in the Tropic ares is about 6,000 feet.

Robison (1966), reporting on the Tropic area wrote:

The Dakota st sny given locality commonly coatains from one to sevoral
coal beds, but few sre more than ome foot thick. The bods are lenticular
send most cxtend haterally less them a few hundred focl, and some extend
only s fcw tem of feel. (Coal beds may occur anywhere from botiom to top
ol the formation, and do not appesr 10 be concentrated in persisicat zones
a in some oler arcas 1 southern Utah. Amalyses indicste » high ash lignite
to subbrummous B coal.

An outcrop 5% miles southwest of Cannonville, as measured
by Robison, contams 12.2 feet of coal; the thickest single scam is
ncarly 6 feet. Thomson (1970) found coal up to 13.5 fcet thick in
the Henneville quadrangle. f seams of ths thickness can be found
over a large area, poitions of the Dakota may prove 0 be
stnippable.

10§

The Straight Cliffs Formation crops out in the amphitheatre
at an altikude of sbout 6,800 feet and is the dominant cliff and
ledge umit responsible for the geomorphic feature. In contrast with
the Dakota Formation, the Straight Cliffs in the Tropic amphi
theatre hes two persistent coal zones. The better and thicker coal
of the unit occurs in the upper or Henderson coal zone. The
Lower coal zone contains thin and lenticular coal. Thicknesses for
the Lower coal zone vary from 5 to 20 feet and the stratigraphic
placement ranges sbout 60 to 130 fest above the base of the
formation. Coal beds of economic thickness were not observed in
surface exposures of this zone, but drilling to the northeast in the
Johns Valley anticline showed multiple coal scams up to 14 feet
thick in the approximate position of the Lower coal zone. A
typical section at the outcrop of the Lower coal zone revealks roof
and floor of shales, mainly siltstone, with theee splits of coal each
less than 1 foot thick. Where coal is absent the zone contains dark
carbonaceous shale,

The Henderson coal zone, nemed after Henderson Canyon
northeast of Tropic, is perhaps correlstive with the Christensen
zone n the east part of the Kaipsrowits Plateau. Around Tropic

. the base of the zone ranges from 400 to 700 feet above the base

of the Straight Cliffs, placing the coal at approximately 7,300 feet
above sea Jevel Between the Henderson zone and the Lower coal
zone i a conglomeratic smndstone 60 10 360 feet thick, varying
the thicknest of the formation below the Henderson coals. At any
one locality, the coal occurs in muktiple seams with a cumulative
thickness up to 25 feet in outcrop. Drill holes on Johns Valley
anticline reveal cumulative coal of 20 to 75 feet. The individual
scams thicken to the northeast to 12 feet.

Generally the ceiling of the zone i a competent sandstone;
the berren upper member of the Straight Cliffs, though locally
siltstone or mudstone, may make up the immediate roof. In the
arcas of thickest scams, bone coal is less evident, Shaley splits
prevail in the southwest cutcrops and diminish as the coal thickens
northeasterly. Individual scams cannot be correlated from place to
place with certainty but their continuous projection under the
cover to the northeast is assured. Reserves for the Tropic area are
somewhat less than | billion tons.

In the Antimony-Johns Valley area a drilling program was
undertaken by the U. S. Geological Survey to study groundwater
conditions along the East Fork of the Sevier River. Coal
discovered there seems to be in the Tropic Shale although it could
be coal of the Straight Cliffs Formation or Dakota Formation.

Four test holes were drilled and coal was discovered in two
of them at 3 depth between 354 and 416 fect below the surface.
Eardicy and Cohenour (1963) studied the test hole data and
measured 3 total thickness of 35 feet of coel. Property was leased
by a private concern to further investigate the coal. The leases
were dropped early in 1970,

Study of the structure of the amphitheatre suggests some
difficuk mining areas. The Johns Valley anticline, where it dips 45
degrees to the cast, is certainly a major obstacle to underground
mining. From the crest of the anticline the structure falls and loses
spproximately 5,000 feet of relief across a distance of about 10
miles. As previously explained, the coal seams thicken to the
northeast. Wells drilled in the Johns Valley anticline for petroleum
encounicred good quantities of coal in thick seams in the
Henderson zone. Further exploration might increase estimates of
reserve in that area by a significant amount.

The remainder of the area, though warped by minor flexures
with dips from 4 (0 10 degrees, should not present structural
difficultics in mining. Becausc 1he coal beds are exposed along the
escarpments and chiffs of the Tropixc amphitheatre and the over-
burden increases raprdly behind the oulcrop, it is sassuined that the
exploitation of most of the Henderson coal will necessuate deep-
mining.
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Table 10. (continued)
' ) No.| Mine or Prospect- Township & Range | PROXIMATE ANALYSES | ULTIMATE ANALYSES | | omHERTESTS [Kmdof | Ref.
\ _ < Coslbed UTH grd LT ANTM T VW FCT A [ S HT CT N1 0] wum{ AST] ADL ] HGilSamples|Sowrce
. . 2 Owicrop 7-363-3E A 116 415 361 95 13 - - - - 10799 - - - ”
B Alvey zone [of - 469 408 107 1S - - - - 11216 - - -
. DEATH RIDGE QUADRANGLE
1 Oukcrop NENENENENW.I8-37S-2E A 72 383 08 4S5 -~ - - - - 1eA10 - - - 15
Alvey zoms A161110mN 43621SmE C - 43 339 43 - - - - - nams - - -
2 Owkwop SESESET-378-2E A S4 410 &3 53 - - - - - N - - - 15
Ciristensen zome 416137SmN 436820mE C - 43 511 ss - - - - - N - - -
3 Owikrop E4-318-2F A 69 410 466 64 - - - - - 10958 - - - 13
Chsistcnson some 4163760mN 43669SmE C - 435 65 62 - - - - - LnssT - - -
4 Owicrop NENENENENW.IS-378-2E A 7.4 453 412 49 - - - - - 1 o - - is
Rees zone 4161220mN 436500mE C - M3 42 53 - - - - - s - - -
EAST OF THE NAVAJO QUADRANGLE
1 Outcrop NE.SW.33.408-SE A 908 468 5006 7.1 08S - - - - 10226 - - - 17
Rees 20me 4126280mN 466950mE C - 3015 $507 7184 093 - - - - 1122 - - -
2 Owterop NE.7-408-6E A 1250 3798 3908 1044 083 - - - - 9420 - - - 17
Lower zone 4133810mN 473960mE € - 4341 4467 1193 095 - - - - 10767 - - -
. GRIFFIN POINT QUADRANGLE
1 Owerry Croek mine SESESES-358-1E A 177 353 310 100 3 - - - -~ 8320 - 108 - 19
Zeae E (U. Advey) 4130700mN 429185mE C - 49 40 121 3 - - - - o0 - - -
2 Cherty Craek miow A 171 318 314 11 S - - - - 1340 - 2 - 19
. C - &8 43 81 5§ - - - - 10140 - - -
3 Cherry Creek mine A MS 330 319 93 4 - - - - 1A - 13 - 19
. C - 433 438 124 & - - - - 930 - - -
4 Cherry Crock mine A 218 359 318 53 A4 - - - - %l -~ 143 - i
C - 459 413 63 £ - - - - nne - - -
$ Cherry Crock mine A 16 40 408 64 - - - - - 953 - - - 1s
C - &3 433 ¢ - - - - - 10782 - - -
6 Cherry Crock mine A 1530 3713 3707 1056 A7 - - - - 8366 - - - 2
B 770 3958 4184 1118 76 - - - - 9998 - - -
C 1030 4123 4089 178 S8 - - - - 10,093 - - -
7 New Chrry Cresk mime  SESES-I5S-IE A 153 411 I 47 08 - - - 10128 - - - b1
Zowe E (U. Avey) 4130670mN 429135mE C -~ 434 &8 56 11 - - - - 1120 - - -
$ Ouirop SER-1535-1E A 1S 415 M0 67 13 - - - - 9% - - - ]
l Zome E (U. Alvey) C - 4938 408 89 1356 - - - - uasr - - -
3 Comm Creek mine SES-358-1E A 62 450 420 68 - - -~ - - 9066 -~ - - 18
Zone D (L. Alvey) 4132210mN $28600mE C - 40 43 12 - - - - - 9ses - - -
HENRIEVILLE QUADRANGLE
1 Ouirop NESES-378-1W A 217 MS 328 95 6 - - - - 16 - - - »
Henderson 2one 4162790mN 417S40mE C - 47 41 124 03 - - - - 10049 - - -
2 Ouwxrop SESENE.29-37$-1W A 177 359 318 6 08 - - - - es1e - - -
Hendetson 2ome 4157850mN 419300mE C - 46 460 104 OS¢ - - - - 11558 - - - AHC
(Middic bed)
3 Outcrop NWNWSW 2-38S-1W A 198 31 3111 e 03 - - - - sd10 - - -
Dukots 20me 4153600mN 414150mE C - 458 463 81 A6 - - - - 114 - - - AHC
' NEEDLE EYE POINT QUADRANGLE
1 Ouicrep 7 -408-4¢ A 61 WS 502 45 5 - - - - 10460 - - - n
Chiistenssn et
2 NW.9-4084F A 231 376 298 92 12 - - - - BAS3 - - - 2
. Recs rome? € . e2 3s 22 W6 - - -~ ume - = =
3 Owxcme SW.9-4084E A 123 et NS 13 LI - - - - 10082 - - - b7
Rees zome? C - 4A 453 83 18 - - - - s - - -
4 Ouirep SE.16-405-4E A 124 400 20 5SS 13 -~ - - - 10312 - - - 2
Chrisssneen rone? C - 451 419 63 18 - - - - nms - - -
$ Outcrop SE_SE.NW.36-408-4E A 422 4220 4471 081 140 - - - ~ 11300 - - - 17
Smoky Hollow zome 4126920mN 462100mE C - 4406 4674 920 1A6 - - - - 13y - - -
6 Outcrop SW.SW.SW.21- 408 -4 A 135 2031 24 610 52 - - - - Nnise - - - 1
Chnstenscn tone 4129400mN 458500mE
7 Owtcrop NE.NE.NE 3} - 408 - 4€ A 103 3746 5008 SA3 41 - - - - s - - - 1
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Table 10. (continued)
No.| Mane or Prospect Towndip & Range |  PROXIMATE ANALYSES | ULTIMATE ANALYSES { [ onEr TESTS lxua] Ref.
' * Coul bed UTH grid AN M W] FCTAam] S TH] CT N] O] pewmw| AST[ ADL[RGI 4 | Source|
. v |8 Oucrop C.N.SW.25_4084E A BAY 3820 4418 913 62 - - - - 10880 - - - 17 i
- o Christe nesm tome 4128220mN 462000mE |
"9 Ouicrop NESW4-413-SE A STS 2137 6631 652 93 - - - - jl4e - - - 17 :
' Cheistenses Zone 4124740mN 46)660mE i
10 Owtcrep SWINESW.A—408-SE A 139 3038 4685 88 83 - - - = ae - - . 17
Christonsen 3000 4133062mN 465320mi i
11 Ouscrop MEW SV 20408 SE A 997 5146 2054 1783 13 - - - - ems - - - 17
l Christereem 3008 4139020mN 463000mL |
NIPPLE BUTTE NE QUADRANGLE ;
1 Sponser mime SWEWIW.3 42332 A SA M1 SI8 33 & - - . - - 1A - - - P :
Ress z0ms? 4114540mN 448 789mE B 49 383 513 sS 8 - - - - 10560 - - - i
C - 402 S48 S3 6§ - - -~ - M0 - - - i
D - 427 513 - I - - . - 1138 - - - i
|
' 2 Spemces mine A 59 49 415 37 3 SA A0 28 184 11880 - - - ' i
B S5 411 477 SY 5 354 683 18 151 119 - - - i
C =~ 435 S80S 68 & SO T3 12 139 126% - - - i
' D - 43 337 - 6 S3 769 13 M9 13400 - - - g
3 Spencer mine A 37 431 474 33 LI - - - - 129 - - - 38 ‘
C < 43 3 3% 11 -~ - - I 131s% -z 1
4 Warm Cresk Progpect SWIWIW.3-423- % A 47 W7 435 68 2 - - - - 12,19 - - - 22
Chuistcasen 2008 41142350mN 443690nL
$ Outcrop SWIW.19-4184F A 128 P3 383 101 13 - - - - 950 - - - 38
Chuistensen bod A 4119930mN €33700mE C - 453 €2 115 13 -~ - - - 1116 - - -
6 Owicrop SWIVW.19- 41542 A 112 426 31 180 12 - - - _  ess8 - - - s
Chrisssnsen bod B 4119970mM 453700mE C - &8 5 14 4 -~ - - - nuUr - - -
. 7 Outcrop SWIW.19-413-42 A 26 359 338 67 11 - - - - smMm - - - 38
Chutstonsen bod C 4119930mM 453700mE C - 458 457 85 14 - - - - 1A% - - -
8 Outcrep SWIW.19-415-& A M2 359 339 68 9 - - - - s - - - (T
Chaistonsen bed D 4119930mN 453700mE C - 413 43 1% 11 - - - - nsm - - -
. NIPPLE BUTTE SE QUADRANGLE
1 Dekots mine MENW.7 438 4E A S3 4531 441 SS 16 - - - - 10870 - - - “
Dekots 3cme S106830mN 453%60mE D Sl 452 €42 35 18 - - - - 108% - - -
C - 417 &35 3583 11 -~ - . - g2 - - -
1" DH-1 soee 259292 SWNE 22358 IW A - - - - - - - 3
Henderson 20me 1777200 412570mE C - B3N NYB - - - - - - - - -
: P - S125 &818 -~ - - - - - - - - -
2. D1 com 293298 A IIST M6 W UMW - - - - - - - oo »
C - 4158 3680 2633 - - - - - - - - -
D - S$5A3 e, - - - - - . - - -
3 DH-1 esre 298-304 A 1798 3826 3315 1081 - Y X 1 R - - 3
€ - 4665 40A2 1264 - - - = - usms - - -
D - N2 AOH - - - - - - npe - - -
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Geology and topography

Kaiparowits Plateau impact area
General

The Kaiparowits Plateau embraces an area of approximately 1,600 square
miles of sedimentary rock (Doelling and Graham, 1972). The plateau is bounded on
the north by the Aquarius Plateau, on the east by the Straight Cliffs (Fiftymile
Mountain), on the south by a high erosional escarpment cut by several tributary
canyons to Lake Powell, and on the west by the East Kaibab Monocline (the Cockscont
(Illustration II-10).

The platgau lies wholly within the Canyonlands section of the Colorado
Plateau physiographic province. Topographically, the plateau is an unduiating
surface, deeply cut by steep~walled canyons. -The region is characterized by.
terraced plafeaus,.vertical cliffs, cliff-bound benches, and deep canyons (Gregory
and Moore, 1931). A typical view of the terrain is shown in Illustration II-1l.

Elevations raAﬁe between 3,000 and 8,600 feet, mean sea level, the
northern part of the plateau being higher than the southern. Average elevation
is about 6,100 feet.

Drainage in the northern part is into the Escalante and Paria Rivers,
and in the southern part directly into Lake Powell. Along the northern shore of
Lake Powell, the main drainages are Rock Creek, LittleiValley, Croton Canyon,
Last Chance Creek, Warm Creek and Wahweap Creek. All of these drainages are
intermittent. Only the Coloradb River (Lake Powell) and the nearby Paria and
Escalante rivers are perennial.

Drainages have cut into the plateau, forming deep, winding canyons that
separate the individual benches. The canyons are deepest near the cliffs which

bound the plateau and decrease in depth upstream. The canyons are from 3 to 10

miles in length and range in width from about 1/2 mile near the mouths to several

hundred feet near the heads. Gradients of the canyon bottoms are between 60 to
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90 feet per mile in the lower and middle parts of the canyons, and somewhat
steeper near the headwaters.

Relatively flat alluvial deposits cover the floor of most canyons,
except near the canyon heads where the bottom gradient is too steep to permit
stream deposition. Boulders and talus slopes from erosion or collapse of the
canyon walls frequently litter the canyon floors. Stream terracing of the
alluvium is evident in ;ome parts of the canyons, particularly where the canyons
are wide and the stream qhannels meander. |

The intermittent streams of the plateau flow during the rainy season of
late summer-early fall, during the winter months, and during the spring thaw. 1In
late spring and éarly summer, the streéms are completely dry except for occa-
sionalvspriﬁgs and seeps, which reveal water-bearing aquifers énd subterranean
stream flows.

The rainy season, usually accompanied by violent thunderstorms, brings
substantial surface-stream swelling. Watermarks on tﬁe canyon sides indicate
that,'at times, entire canyon bottoms have been flooded by swiftly~flowing,
violent flash floods. More erosion occurs during the rainy season than during
the rest of the year.

Excluding recent Tertiary and Quaternary surface cover, thg entire
plateau is of Cretaceous sedimentary rocks (Illustration II-12 and Figure I1I1-22).
The important coal resources are in the Straight Cliffs formation (Figure II-23).

The Upper Cretaceous Kaiparowits formation covers much of the surface of the
Fourmile Bench area, with the underlying Wahweap formation exposed over the
remaining area. |

The Kaiparowits Plateau is a basin with a system of folds trending
northwest, plunging toward the Central basin. Dips up to 45 degrees have been
measured in the northern portions of the plateau where the Upper Valley anticline

dips west into the Table Cliff gyncline. 1In the south-central portion, three
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FIGURE 11-22

Generalized Section of Cretaceous Sediments in Kaiparowits Plateau

POST-CRETACEOUS TERTIARY AND QUATERNARY

System Series

Stratagraphic Unit

Thickness (ft)

Description
i Red ant gray mudstone and bentonitic claystons ovcxly‘mg'
. ~ interbeddod light brown, gray, pink and red sandstore,
Campanian Conglomenatic membet 0- 500 glomernatic sandstone and congl te
U formity
, Kaiparowits Formatioa 2,000-2,500 ’ GCnay to dark gray, fine- to moderately coarsegraincd, frisble
' ‘salt and pepper” arkosic sandstone with subordinate light
pay mud ; weak cal = , forms badlands
and slopes.
Wahweap Formation 760-1,350 Yellowgray resistant sndstone, gritstone and conglomente
N altemating wiih yellow-orange nonresistant sandstone and
N pay mudstone; lower half dominantly noaresistant, cpper
half massive and hard.
—
Drip Tank 100- 350 Yellow-brown to gray-orange, finc- to mediumgraired sand-
Member stonc with some pritstone and conglomente interbedded
a with subordinate gray shale; resistant cliff f .
3 §. subordinate gray shalc; resis! ¢ onmer.
B § =y John Hznyy 500- 900 Interbedded  yellowgray, white and orange medium-grained
< = Member sandstone, gray shale, carbonaceous mudstone and coal;
E Santonian § , forms kedgy outcrops; often exhibits reddish to black
6 ™4 MAJOR COAL outcrops from clinker and bumed sandstone due 10 natural
Coniacian -é‘ po = ] SEAMS buming of coal. :
é Unconformity
Turonian 5 - Smoky Hollow 24- 5007 Interbedded white or yellow-gray sandstone, light gray to dark
" g Membes gray mudstone and sometimes thin coa/ scams; lower pau
3 Jedge 10 sope forming, upper part cliff forming.
MINOR COAL
[ ——
Tibbet Canyon 70- 185 Yellowgrzy and pray-orange, medium-grained sandstone inter-
Member bedded with subordinats gray mudstone; cliif form.es,
Tropic Shale 550-1,000 Medium- to darkgrzy arpillaceous to sandy shale, contains thin
yeliowgray sndstonc beds at top and base, otherwise
MINOR COAL uniform; forms badlands and dopes,
Cenomanian Dakota Formation 0 250 Yellowgray sandstone alicmating with gray shale, carbona-
ceous shals and cogl; forms semiresistant ledgs,
MINOR COAL
(Modified from Doelling and Graham, 1972, p. 74)
PRE-CRETACEQOUS JURASSIC
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. FIGURE II-23
' Composite Columnar Section - Straight Cliffs Formation
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northwesterly-trending folds - the last Chance syncline, the Smoky Mountain

':;nticline, and the Warm Creek syncline - constitute the principal structures in
the proposed project area. Dips in the flanks of these structures seldom exceed
10 degrees, averaging less than 5 degrees (Southwest Energy Study, 1972).

: Few faults are present in the plateau proper. The nearest major fault
to the proposed project area is the Paunsaugunt Fault, 30 to 35 miles to the west.
Closer to the project area a system of lesser faults associated with the Cockscomb
area has been mapped (Hackman and Wyant, 1973). In the immediate proposed project
area, faulting is minor and is generally of two types: surface faults or collapse
structures at or near canyon rims resulting from the natural burning oflcoal beds,

[

/

and normal tectonic faults caused by deformations of the earth crust. : !
{

Economic geoloéy
Coal
The Straight Cliffs Formation, which overlfes the Tropic Shale and
underlies the W%hweap Formation, contains all important coal resources in the
plateau. Minor'coals are contained in both the Tropic Shale and the Dakota

Formations. The Straight Cliffs Formation contains four members, designated in

ascending order as the Tibbet Canyon, Smoky Hollow, John Henry and Drip Tank

Members (Peterson, 1969) (Figure II-23),

The Drip Tank Member, varying in thickness from about 141 to 225 feet,
caps the Straight Cliffs Formation, forming the broad, relatively flat-surfaced
benches typical of the lower Kaiparowits Plateau. The Drié'Tank contains no
coal. The Smoky Hollow Member 1s reported to contain coal beds up to 4 feet
thick in several places, although none appears economically minable. The John
Henry Member contains all of the economically important coal beds in the plateau.

The Tibbet Canyon Member contains no coal.

Four coal zones have been recognized in the John Henry Member. They
are, in descending order, the Alvey, Rees, Christensen and Lower Coal zones as
shown in Figure II-23. The Alvey and Christensen zones in the northern part of |
the plateau contain the most important coal deposits in the Escalante area. The

Rees and Christensen zones are considered to be the most potentially valuable



.

. A typical cross section through the heart of the area initially proposed for

jhining is shown in Chapter I.
| The U.S. Geological Survey (USGS) has been conducting an intensified
geologic mapping and coai resource evaluatién program in the Kaiparowits Plateau
since the early 1960's. As of January 1, 1967, the USGS estimated a total resource
of 7.3 billion tons of coal under 3,000 feet, or less, of cover (Averitt, 1969).

As more information became available the Utah Geological and Miner-

alogical Survey calculated total reserves under the following classification

(Doelling and Graham, 1972):

Class Type of Reserve - Explanation
I Measured reserves Based on adequate exploration
and development data, properly
correlated.
11 fndicated reserves Based on geologic measurement
3,984,800,000 tons supplemented by limited drill-
(Includes a small hole information and limited
amount of Class I to 1 1/2 miles from a control
reserve) point.
111 ) Inferred reserves Based on geologic inference
3,893,200,000 tons and projection of the habit

of the coal beyond 1 1/2 miles
from control points.

Iv Additional inferred Based on geographic and geologic
7,320,000,000 tons position with little supporting
. data and includes coal up to
3,000 feet of cover.

Total 15,198,000,000 tons

With continued field mapping and expanded exploratory drilling on the
plateau it is expected that the reserve totals will be refined upwards appreciably.
Resources Company, a subsidiary affiliate of the participants, has

estimated that their lease holding, constituting approximately 21 percent of all



leaged Kaiparowits coal lands, contains about 1.5 billion tons, in beds 4 feet
thick or.greater, based on limited exploratory drilling of the Straight Cliffs
Formation coals.

A recent USGS evaluation of coal reserves at the proposed Fourmile
Bench plant site, based on nearby drill hole data, in&icates that as much as 92
million tons of coal underlie the site, in beds 4 feet thick or greater (Peterson,
1974). The coal is 1,900 feet below the surface.

The quality of coal from the entire Kaiparowits Plateau is extremely
variable. Quality ranges from subituminous C to high;volatile bituminous A.
Sulfur content is low to high, ranging between 0.26 and 3.40 percent, with ash
varying from 3.38 to 33.03 percent. Heating value is moderate to high, ranging
f{pm 8,499 to 14,236 British thermal units (Btu) per pound (Doelling and Graham,
1972).

The coal has no coking properties and in most cases would require
mechanical cleaning to produce a satisfactof&ifuel for power production, gasifi-
cation, or liquification. Alvey zone coal is generally of lower quality than
coal of the Christensen zone.

A detailed analysis'of coal sampled from exploration core drilling by
the participants is shown in Figure II-24. Data concerning concentrations of
trace elements are shown inwFigures I1-25 and II-26. -

Coal has never been mined extensively in any part of the Kalparowits
Plateau. Numerous small mines have operated around the periphery of the plateau,
mostly in the general areas of Escalante and Tropic. The Alvey mine near Escalant;
was the largest, with a production of about 1,250 tons per year between 1952 and f

1961. All other mines produced 100 tons a year or legs. At present, there are no

producing mines in the area.




FIGURE II-24

Burned Coal Analysis by Resources Company

Proximate Analysis - ¥ Average# Range
Moisture 112.55 11.60 - 13.25
Ash 9.25 8.75 - 10.00
Volatile Matter 36.60 33.00 - 39.30
Fixed Carbon 41.60 38.90 - 45.40
P Total 100.00 :
Sulfur 0.52 0.21 - 1.43
Heating Value, BTU/1lb. (as received) 10,800 10,600 -11,000
Ultimate Analysis - X
Moisture 12.55 11.60 - 13.25
Carbon 61.32 58.60 - 63.60
Hydrogen 4,33 - 3.90 - 4.75
Nitrogen 0.95 0.45 - 1.30
“hlorine 0.02 0.00 - 0.06
ulfur 0.52 0.21 - 1.43
Ash 9.25 8.75 - 10.00
Oxygen (by differential) 11.06 9.72 -12.55
. / ' . P
Ash Fusion Temperature - °F
Reducing - Initial def. . 2235 2070 - 2700+
- Soft (H=W) 23QO 2130 - 2700+
- Soft. (Hw=kW) 2385 2145 - 2700+
- Fluid 2510 2155 ~ 2700+
Oxidizing ~ Initial def. 2265 2135 - 2700+
- Soft (H=W) 2360 2150 - 2700+
- Soft (H=MW) 2445 2210 - 2700+
- Fluid 2580 2220 - 2700+ -
Ash Analysis
Silica, S1i0p 55.44 41.33 - 74.60
Ferric oxide, Fej04 4.97 2.20 - 9.50
Alumina, Al,0 17.81 11.91 - 29.30
Titania, T10j 0.94 0.58 - 1.30
Lime, Ca0 9.13 1.50 - 22.00
Magnesia, Mg0 2.04 0.31 - 4.97
Sulfur trioxide, SO3 6.86 0.34 - 14.90
hosphate pentoxide, P20g 0.27 0.04 - 1.94
stassium oxide, K20 0.61 0.51 - 1.75
(Continued)




FIGURE II-24 (Continued)

Ash .Analysis Average Range
Sodium oxide, Nay0 1.50 0.68 - 3.30
Undetermined 0.43 0.01 - 1.06
Alkalies in dry coal as Naj0 0.17 0.03 - 0.37
Water soluble alkalies Naj0 0.058 0.038- 0.101
Water soluble alkalies Kj0 0.003 0.001- 0.013
Silica Value ' 77.31 50.24 - 94.09
Grindability index (Hardgrove) 46.5 38.9 - 52.6
Free Swelling index 1 0 - 2
Viscosity - Crit. temp.

Poises 640 28 - 1140

°F : , 2580 2360 - 2645
T 250 °F 2655 2135 - 3000+
Disposal - in place density 60 lb/ft3

*The table is based upon analysis of 103 core samples taken from 50 bore holes duriny
the coal.drilling exploration program through 1972. The analyses were performed by
Commercial Testing and Engineering Company in Denver, Colorado and were checked by
the Colorado School of Mines Research Institute in Golden, Colorado. The results ave
based upon a washed coal product and are representative of the actual coal to be

burned at the generating station. |
. t

|

11-96



Trace elements

A
[

| Trace elements are those that appear in nature in relatively minute

thmounts, many of which take an active part in important biplogical processes.
Others such as beryllium, m;rcqry, lead; arsenic, éadmium, fluorine, and selenium,
are potentially hazardous to living organisms, including man, when present in
sufficient quantitiés. Adverse environmental effects of abnornaily high.con-
centrations of Erace élémenéé iﬂclud;-tﬁé action as catalysts in formation of
secondary air pollutants, and their corrosiveness, causing economic loss.

Because coal is the product of ancient biological activity, it contains small
quantities of many of these';lements, the variety and c;ncentration of which
depend upon the nature of the coal bed formation. Results of analyses of coal
samples from the Kaiparowits area are shown in Figure II-10. Results represent
five independent core sample trace element analyses, using different techniques.
The range of values, mean and standard deviation of the Kaiparowits samples, and
typical concentration in coal samples from deposits around the world are shown in
Figure II-10. Concentrations found in Kaiparowits coal are generally well within
expected range, and most are in the lower portion of the range. Combustion can

release these materials to the ecosystem. Trace elements in the atmosphere have

been measured at Page by the Arizona Department of Health since 1969. Results

are summarized in Figure II-11.



FIGURE II-10 o e

Concentrations of Trace Elements Found in Coal and Ash of Kaiparowits Coal
and Concentrations From Deposits Around the World

Concentration
(ppm) _
: v Kaiparowits . World ﬁidec
Trace Element Coal : Ash : Coal ; Ash
APS® SWESP SWES?
Antimony 8b a3t o7 10 - 30
. Arsenic As | .83F .81 .90} .20 0.8 - 500
Barium Ba 2290 * 2055 18 - 2200
- Beryllium Be | .48 * .19 3.40 ¥ 3.30 1 - 4000
* Boron B : 1400 * 834 52 - 10,000
Cadmiym ca | .87% .13 0.7 to0.7 No data
" Cerium Ce BLD ' No data
Chromium cr 3.6 *2.3 62t 1l 0.1 - 7,400
Cobalt Co 12+ 10 5 - 2,000
Copper Cu so 11 . 10 ~ 1,200
Fluorine 4 54 F 42 120 * 23 40 - 480
Gallium ca 26t s 10 - 3,200
o) Germanium Ge BLD ' 9 - 47,000
é~ Lanthanium La BLD : 30 - 700
® Lead Pb : 8111 200 - 31,000
Lithium Li 72 * 26 : No data
Manganese © Mn 62 210 + 164 100 - 22,000
Mercury Hg | .06 % .07 .06 % .01 .001 - 300
Molybdenum Mo 6+3 s - 6,000
Nickel Ni s+ It '
Selenfum Se 4 14 1.98 F .58 No data
Strontium Sr . ’ 560 * 261 0 - 1,000+
Scandium Sc 14 2 \ _ Mo data 60 ~ 400
Tellurium Te . .02 36t 12 No data
Thallium Tl 3,000+ 1 100 - 35,000
Titanium T4 + .66 * .36 0 - 24,000
Uranium u 8.1 92 + 35 10 - 25,000
Vanadium v Wt 24 10 - 2,000
Yitrium Y 4% 1 : No data
Ytterbium Yb 64 * 70 : 115 - 21,000
Zinc Zan 150+ 1 - 0 - 7,000
Zirconium Zr

8APS - Data supplied to Arizona Public Service.
e ,ME§YES - gouthwest Energy Study, Report of Coal Resources




Other minerals

o Several other mineral commodities occur in the area. Since 1964, oil
has been produced in commercial quantity from Pre-Cretaceous rock in the Upper

Valley Field towards the extreme northern part of the plateau. (Townships 35, 36

and 37 South, Ranges 1 and 2 East, Salt -Lake Meridian). As of June 1974, 12,470,000
barrels had been produced from this field. Exploration in other areas of the

plateau has not been productive thus far, nor have commercial quantities of natural

" gas been found.
Large quantities of clinker, rock baked and fused by burning of adjacent
coal beds, are present in many of the canyons where coal bearing strata are ex-

posed. Clinker is commonly used as a road surface material and as railroad

ballast.

Sources of aggregate, which could be processed for asphalt and concrete

and along terraces throughout the region. Important deposits are contained in the

Wahweap Creek drainage near Glen Canyon City, where sand and gravel are mined, on
Horse Mountain and along the Paria River drainage.

Common clays and bentonitic mudstones occur in the area and might be
suitable for lining ponds at the proposed generating station and coal washery.

Clay, in beds up to 100 feet in depth, is found throughout the Tropic Shale Forma-

tion which outcrops along the base of the plateau. Bentonitic mudstone occurs as

lenges within the Kaiparowits Formation capping the central and western parts of
the plateau.

Limestone is common in southern Utah, Many deposits, known to be high-
carbonate varieties, are suitable for chemical applications, such as stack scrubbing

of 502 in coal-fired electric generating plants, or as mine rock dust for protec-

tion against fire and explosion propagation.

11-99
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HENRIEVILLE QUADRANGLE

LOCATION, GEOGRAPHY AND ACCESSIBILITY
The Hencleville quadrangle is located on the east edge of the

"Tropic Amphithestre (figures 18 and 41). The town of Henrieville

is located on the west central edge of the quadnangle. The quad-
rangle contains the foothills and flats below the Kaiperowits
Pletesu and the cliffs and benches to the east which rise steadily
onto the plateau. Utah Highway 12 joins Hendeville with Escal-
ante and gives access to the north part of the quadrangle. The
Cannonvitle-Cottonwood Creek road gives access to the south half.

Elevations range from 5,600 feet in Little Dry Valley (south-
west) to more than 7,800 feet along the east edge of the quad-
rangle. The coal seams are exposed at clevations 6,400 to 6,900
feet above sea level.

STRATIGRAPHY

The oldest unit is the Juramic Carmel Formation cropping
out in scattered poorly exposed patches in Big Dry Valley.

The Entrada Sandstone is exposed along the margins of
bluffs separating Henrieville and Dry crecks. The Entrada &
present in three members in the smphitheatre. The entire unit is
more than 700 feet thick; only the upper member of 180 feet is
exposed ness Henrieville where it is 3 white to light yellow-brown
finegrained frisble sandstone. These members are described in
detail in a publication by Thompson and Stokes (1970).

The Cretaccous Dakota Formation crops out just above the
Entrada and is 150 to 250 feet thick It consists of alternsting
mudstone and sandstone with local thickenings of coal, claystone
and conglomerate. The latter beds are highly lenticular in the ledge-
and slope-forming units.

Above the Dakota lies the Tropic Shale. The formation is
composed principally of medium to dark gray claystone with thin
beds of bentonite. It i basically a slope former and is 689 feet
thick insec. 2, T.37S,R. 2 W.

The important coalbeaing unit k the Straight' Cliffs
Formation that crops out in a band in the cast half of the quad-
rangle. A measurement in sec. 8, T. 37 S, R. 1 W. shows the
formation to be 1,495 feet thick and composed of alternating
sandstone and mudstone with small amounts of coal and conglom-
enate. Cliff-forming sandstone dominates the upper 500 feet; the
Henderson coal zone is located 400 to 700 feet above the base.

The Wahwesp has also been measured on the qusdrangle in
secs. 4 and 9, T. 37 S, R. | W. The unit consists of alternating
mudstone and sandstone but contains no coal. The 1,364-foot unit
is more slope forming in the lower half and more cliff forming in
the upper.

The Kaiparowits Formation is the youngest consolidated unit
on the quadrangle. Only the lower 200 to 300 feet of the
2,500-foot formation are exposed. The Kaiparowits is an arkosic
badlands-forming sandstone.

Prominent pediment surfaces on the Tropic Shale outcrops
are composed of poorly stratified clay and gravel deposits 100 feet
thick. Aluvium fills the valleys of Henrieville and Dry creeks. la
places the croeks have cut deeply into this alluvium.

STRUCTURE

All strats on the quadrangle (except west of the Tropic
anticline) dip casterly, gently in the west half of the quadrangle
and gradually steepening to as much as 45 degrees to the east. The
north-south anticlinal axis (Tropic anticline) occurs just inside the
west margin of the quadrangle.

PROPERTY CONTROL

Private property (10.4 percent) is scattered in the lowlands
around Henrieville and Dry Valley. The state lands (16.0 percent)
are scattered in their umal configuration over the quadrangle
except srrounding Kodachrome Flst (Chimney Rocks State Park).
The remsinder of the land & controlled by the Bureau of Land
Monagement,

Ounly about 3.8 percent of the land is leased for coal, all on
state lends. About 30 percent can be counted as cosl land if the
Dakota Formstion is excluded. Dovelopment and Resources Co.

bokds 1.9 percent (state Jease) and R. J. Hollberg holds 1.9 percent
(state lease).

COAL
Surface Information

f Pardner Canyon the seams in the Henderson zone
of the Stra Cliffs Formation are 4 or more feet thick. Thin
coal beds discovered near Horse Valley ranging up to 2.5
eet. The Dakota coal is Jocally thick especially in the ares of Dry
alley Creek, where the thickest bed is 13.5 feet (figure 42).

?

]

Subsurface Information

No drill holes are available to supply information sbout the
coal. The cover over the coal increases about 1,000 feet cach
half-mils behind the outcrop of Straight Cliffs coal,

Dekota are presented in table 10..Moisture is high in all samples
(17.7 to 22.7 percent) and sulfur is less than | percent in all cases.
Calorific value averages about 11,000 Btu/lb on a dry basis.

Mines and Development

No mines have been opened on the quadrangle and there is
no development for coal except for a small prospect in the Dakota
Formation, 25-375-2W, Little Creek.

Reserves
Robison (1966, p. 40) estimates the reserves of the northern

part of the quadrangle as follows (table 25). The figures have been
modified 0 fit the area of the quadrangie:

Table 25. Coal reserves in the Henrieville quadrangle (in short
tons).

Headerson cod

sone (fect) Qax 11 Qe 1 Totak
0-1,000 8,000,000 6,000,000 14 000,000
1,000-2,000 5,000,000 5,000,000 10,000,000
2.000-3 000 - 6,000,000 6,000,000
Totals 13,000,000 17,000,000 30,000,000
(Mimable coul will be b 33and SOp of the amounts)

The exteant of the thick Dekota cosl s unknown but
presumed small, perhaps 640 acres. Additional exploration might
expand that amumptioa. Using an average thicknex of 12 feet
adds another 3.4 million tons (o the reserve, all within 1,000 feet
of the surface (Class II).

PRINCIPAL WORK
Robison (1966), University of Utah, provided most of the

informstion for the north half of the quadrangle; the remainder
s from Thomsoa (1970).




One such deposit of limestone having the desired qualities for in-
dustrial use occurs in the Wasatch Formation on the west side of Johns Valley,
north of the Kaiparowits Plateau and Bryce Canyon National Park (Township 34
South, Range 3 West, Salt Lake Meridian). Other deposits are found north-north-
wegt in the high plateau of the Wasatch Formation, in the Canaan Peak area east
of Henrieville, Ufah. and wast in the Carmel Formation near Orderville, Utah.

Titaniferous sandstone deposits are reported in the Escalante area in
the northern portion of the plateau, and in the Rees, Croten, and Sunday Canyon
area in the southern sector. These deposits, occurring within the Straight
Cliffs Formation, are presently noncommercial.

Early prospecting efforts in the a;ea resulted in the discovery of a
few inpureAdeposits of copper, gold, and manganese in sedimentary rocks, but nonc
of the minerals have proven to be of commercial grade. Extensive prospecting féx
uranium has been conducted, without apparent success, in various sedimentary

formations in the area, including those formations which have been significant

producers elsewhere on tha Colorado Plateau.
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HENRIEVILLE QUADRANGLE

-LOCATION, GEOGRAPHY AND ACCESSIBILITY

The Henrieville quadrangle is located on the east edge of the
Tropic Amphitheatre (figures 18 and 41). The town of Hearleville
is located on the west central edge of the quadrangle. The quad-
rangle contains the foothills and flats below the Ksiparowits
Platesu and the cliffs and benches to the east which rise steadily
onto the platcau. Utah Mm 12 joim licvile with Bscal-
ante and gives access to the north part of the quadrangle. The
Cannoaville Cottonwood Creek road gives access to the south half.

Elevations range from 5,600 feet in Litthe Dry Valley (south-
west) to more than 7,800 feet along the east edge of the quad-
rangle. The coal seams are expossd at cevations 6,400 to 6900
feet above sea level.

STRATIGRAPHY

The oldest unit is the Jurasic Carmel Formation cropping
out in scattered poorly exposcd patches in Big Dry Valley.

The Entrada Sandstone is exposed along the marging of
bluffs sepsrating Henrieville and Dry creeks. The Entrada b
present in three members in the amphitheatre. The entire umit is
more than 700 feet thick; only the wpper member of 180 feet is
exposed nesr Henrieville where it is a white to light yellow-brown
finegrained friable sandstone. These members are described in
detail in a publication by Thompson and Stokes (1970).

The Cretaceous Dakota Formstion crops out just sbove the
Entrada and is 150 to 250 feet thick. It comsists of slternating
mudstone and sandstone with local thickenings of coal, claystone
and conglomerate. The latter beds are highly lenticular in the ledge-
and slope-forming units,

Above the Dakota lies the Tropic Shale. The formation is
compased principally of medium to dark gnay claystone with thin

beds of bentonite. It is basically a slope former and is 689 feet
thick in sec. 2, T. 37S.,R.2 W,

The important coalbearing unit i the Straight' CHffs
Formation that crops out in a band in the cast half of the quad-
rangle. A measurement in sec. 8, T. 37 S, R. 1 W, shows the
formation to be 1,495 feet thick and composed of siternating
sandstone and mudstone with small amounts of coal snd conglom-
crate. Clifi-forming sandstone dominates the upper S00 foet; the
Henderson coal zone is located 400 to 700 feet above the base.

The Wahweap has also been measured on the quadrangie in
secs. 4 and 9, T. 37 S, R. | W. The unit consists of alterating
mudstone ard sandstone but contains no coal. The 1,364-foot unit
i more sope forming in the lower half and moce cliff forming ia
the upper.

The Kaiparowits Formation is the youngest consolidated unit
on the quadrangic. Only the lower 200 to 300 feet of the

2,500-foot formation are expostd. The Kalparowits is an arkosic
badlands-forming sandstone.

Prominent pediment surfaces on the Tropic Shale owtcrops
are composed of poorly stratified clay and gravel deposits 100 foet
thick. Auvium fills the valleys of Henrieville snd Dry creeks. In
places the crecks have cut deeply into this alluvium,

STRUCTURE

All strata on the quadrangle (except west of the Tropic
anticline) dip easterly, gently in the west halfl of the quadrangle
and gradually steepening to as much as 45 degrees to the east. The
north-south anticlinal axis (Tropic anticline) occurs just inside the
west margin of the quadrangic.

PROPERTY CONTROL

Private property (104 percent) is scattered in the lowlands
scound Henrieville and Dry Valley. The state lands (16.0 percent)
are scattered im their usual configuration over the quadrangle
except smwrounding Kodechrome Fist (Chisnney Rocks State Park).
The remainder of the and & comtrolled by the Bureau of Land
Mansgement.

Ouly about 3.8 percent of the land is leased for coal, all on
state lands. About 30 percent can be counted as coal land if the
Dakota Formation is excluded. Development and Resources Co.

hoids 1.9 percent (state Jease) and R. J. Hollberg holds 1.9 percent
(state Jease).

COAL
Surface Information

North of Psidner Canyon the seams in the Henderson zone
of the Straight Cliffs Formation are 4 or more feet thick. Thin
cosl beds were discovered near Horse Valley ranging up to 2.5
feet. The Dakota cosl is locally thick ially in the area of Dry
Valley Creek, where the thickest bed i 13.5 feet (figure 42).

Subsurface Information

No drill holes are available to supply information about the
coal, The cover over the coal increases about 1,000 feet cach
half-mile behind the outcrop of Straight Cliffs coal.

Quality of Coal

Two analyses for the Hesderson coal and one from the
Dskota are presented in table 10. Moisture i high in all samples
(17.7 to 22.7 pexcent) and sulfur is less than 1 percent in all cascs.
Calorific value averages about 11,000 Btu/lb on 2 dry basis.

Mines and Development

No mincs have been opened on the quadrangie and there s
no development for coal except for 2 amall prospect in the Dakota
Formation, 25-37S-2W, Little Croek.

Reserves
Robison (1966, p. 40) estimates the reserves of the northern

part of the quadrangic as follows (table 25). The figures have been
modified to fit the ares of the quadrangle:

Table 25. Coal seserves in the Henrieville quadnangle (in short
tons).

Headerson cosd

zone (fect) Clams 1} Qas M Totale
0-1 000 $.000,000 6,000,000 14 000,000
1,000-2,000 5 000,000 $,000,000 10,000,000
2,000-3,000 ~ 6,000,000 6.000,000
Totsls 13,000,000 17,000,000 30,000,000

(Mimabis coul will be between 33 and 30 pescent of the amounts)

The extent of the thick Dskota cosl is unknown but
presumed small, perhaps 640 acres. Additional exploration might
expend that asumption. Using an sverage thickaes of 12 feet
sdds another ] 3.4 million tons to the reserve, all within 1,000 feet
of the surface (Class II).

PRINCIPAL WORK
Robison (1966), University of Utah, provided most of the

information for the north half of the quadrangle; the remainder
s from Thomsoa (1970).
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Figure 42. Coal sections of Henrieville quadrangle (vertical scale: 1 inch = 8 feet).

View across the Kaiparowits Plateau into the Henrieville quadrangle.
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PINE LAKE QUADRANGLE

LOCATION, GEOGRAPHY AND ACCESSIBILITY

) Pine Lake quadrangle is in the west Kaipsrowits Platesu in
the Tropic area in Garfield County (figures 18 and 55). The
northeast corner of the quadrangle includes the Table CHf
Plateau. The boundary between the platesus and the Tropic basin
or amphitheatre & an arcuste line of cliffs extending from
southeast to northwest. The only true Kaiparowits surface is in the
northwest corner of the map.

Of the roads on the quadrangle, those on the plateau surface
in the northwest join Utah Highway 22 a few miles north and
west and another road from Utah Highway 54 gives access to the
Shakespear coal mine from the southwest,

Elevations range from 6,500 feet in Henderson Canyom to
about 8,000 feet in the Pine Lake area to almost 10,300 feet on
Table Clf{ Plateau. The nearly 4,000foot relief results in rugged
inaccemible land. The coal scams crop out between 6,800 and
7,200 feet sbove sea level.

STRATIGRAPHY

No detadled geology mapping of the northeast part of the
quadrangie is svallable and such data would not be pertinent to
study of the coal. The coal which probsbly underlies these lands i
too deeply buried for exploitation. Cretaceous and Tertiary beds
are exposed; the older beds crop out to the southwest and the
younger beds northeast.

The oldest formation exposed is the Tropic Shale whose
thickness ranges from 690 to 900 feet; only the upper part is
exposed in the quadrangle. The Tropic is composed of mediom to
dark gray nonresistant shale. Its surface is often littered with
landslide debris or a pediment has formed upon it.

Overlying the Tropic is the Cretaceous coal-bearing Straight
Qiffs Formation, here subdivided into a lower and upper member.
The lower pert corresponds to the Tibbet Canyon and Samoky
Hollow members in the Smoky Mountain area and consists of
sandstone and mudstone; the resistant sandstones dominate the
softer mudstones 3:1. The initial unit is 2 20- to 125-foot chfT
former followed by a lower coal zone (60 to 130 feet above the
base) which contains thin coal scams.

The upper member again consists of sltermating sandstone,
mudstone and claystone. It can be divided roughly into three
units. The Jower division is the Henderson coal zone, 10 to SO feet
thick. Above is a thick succession of beds, including coal stringers,
that produces ledges and slopes. This is folowed by the caprock
of mostly resistant sandstones and granule to pebble conglomerate.
This upper part corresponds to the Drip Tank Member clsewhere
in the plateau and & 200 to 550 feet thick. The entire Straight
Cliffs Formation in the Pine Lake quadrangle varies from 1,800 to
1,500 feet. The thinner outcrops lie to the south.

The Wahwesp Formation overlies the Straight Cliffs in a
northwest-trending band of outcrops. The contact between the
two formations is gadational and some interfingering of beds is
evident. According to Robison (1966, p. 25):

...the Wahwesp is about 1,360 feet thick. The lower and middle perts
consist of akernating units of resistant rand and h d

that forms an ivegular wccesion of clifls, lodges and steep siopes, Mt is
capped with a cliff-forming unit that consists of more than 370 fest of
conglumerstic mndstone, which is similar 1o the unit found st the top of
the Straght (M{s Sandstone.

The Kaiparowits is the youngest Cretaceous formation and
crops out along the east part of the mapped portion of the quad-
rangle. The typwal exposures are best shown st a locality known
as the Biues. Here gray, mostly sandstone beds with 2 sprinkling of

mudstone create 3 magnificent vista of badlands. Inspection of the

sandstone reveaks it to be frieble, arkosic, with 2 salt-and-pepper -

appearsnce. In these exposures the unit ik 2,000 to 2,500 feet
thick; to the north near Pine Lake it is 200 feet thick. The entire
Kaiparowits has been removed farther west. In this quadrangle the
top has been bevelled by erosion. The unconformity between the

unit and the overlying Tertiary beds has an angulsr discordance of
sbout 15 degrees

Above the plane of unconformity are Claron Formation beds
producing the pink and white cliffs of the Table Cliff Plateau. The
scenk formstion consists mostly of limestone, but beds of
quartzite or chert pebbic conglomerate and calcareous mudstone
slo occur in it. Most of the conglomeratic strata lie at the base of
the lower 1,000-foot pink member. Above & 8 600-foot white
member forming the rimrock of Table CH Plateau.

Sand, silt and pravel alluvium of Henderson and Pole
canyons and the poediment deposits occur on various erosion
surfaces. The pediment depotits consist of poorly sorted unconsol
idated particulate matter ranging in size from clay to boulders.
The thicknes of these pediments i uniform, about 100 feet, but
Jocally thinned by more recent erosion,

STRUCTURE

The strata in the east part of the Pine Lake quadrangle dip
easterly toward the Table Clff syncline at an angle of about S
degrees. The northwest-trending asymmetrical Johns Valley
anticline lies northwest. East flank dips of 45 degrees compare
with 7 degrees on the west. The Pasture Canyon syncline
southwest of the Johns Valley axis is nearly symmetrical and dips
are gentle. No faults were mapped. Those observed were small in
extent with displacements of less than 10 feet.

COAL
Surface Information

Two coal zones are exposed on the quadrangle, both in the
Straight Cliffs Formation. The lower coal zone of Robison (1966,
p. 35) probably correlates with the Smoky Hollow zone in the
Smoky Mountain area. It occurs 60 to 130 feet above the Tropic
Shale contact. The coal is in thin lenticular seams which nowhere
on the quadrangle exceed 1.4 feet in thickness.

Just above the contact betwoen the lower and upper
members of the formation is the Henderson coal zone. The coal. is
interbedded with shale, carbonaceous mudstone and thin sandstone
beds. Five measured coal sections indicate the condition of this
zone. The average cumulative thickness of the coal is 13.9 feet
with a maximum of 233 feet and a mininum of § feet. The
average bed is 10.3 feet thick. The poorest part of the zone with
respect to scam thickness is at the south central map edge,
measured section 6, where one S-foot bed is found. The measured
coal sections are found on figure 56.

Subsurface Information

Ome drill hole in sec. 22, T. 35 S., R. 2 W. showed more
than 30 feet of cumulative coal in the Henderson coal zone. The
section is designated measured coal section | (figure 56). Ol well
logs indicate multiple coal beds up to 14 feet thick in the
immediate area of the coal drill hole in the lower coal zone. The
same logs indicate cumulstive thicknesses of coal from 20 to 75
feet in the Henderson zone, California No. 1 Johns Valley, NW %
SE % sec. 22, T. 35 S., R. 2 W_, logged the lesser amount of coal
and the Tidewater No. 41.27 Johns Valley, NE % NE % sec. 27,
T. 35 S., R. 2 W, the greater amount. The coal drill hole was piaced
between the two oll company wells.
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Figure 56. Coal sections of Pine Lake quadrangle (vertical scale: |
inch = 8 feet).

Quality of Coal

Approximately 15 analyses of coal from Pine Lake quad-
rangle arc available (table 10). Six are from drill-hole measured
section 1 in sec. 22, T. 35 S., R. 2 W. The remainder are from
outcrops or mines. The drill hole had no sulfur determinations, ash
ranged from 7.88 to 29.94 perceat, moisture from 9.36 to 19.77
percent and heat value from 9,740 to 10,130 Btu/lb on an as-
received basis. Sulfur analyses from the remaining samples varied
from 0.7 to 1.6 percent, averaging 1.0 percent. The heat value
ranges from 7372 to 11,367 Btu/lb, sveraging 9,286 on an as
received basis. Moisture is high, 11.3 10 28.6 perceat, averaging
18.7 percent. The ash content averasges 10.1 percent and ranges
from 6.7 ta 13.0 percent on an as-received basis. Table 35 gives
average proximate analyses for the Henderson zone.

Table 35. Average proximate analyses of coal, Henderson zone,
Pinc Lake quadrangle.

Peccent

No, of

Samplcs Aversgs l Rongs
Moisture, ss-received 13 18.3 9485
Volatile matter, dry 15 “d 35.7483
Fixed casboa, dsy 15 41.7 312470
Ash, dey 15 136 711338
Sulfur, dry * 1.09 07-1.13
Btw/ib, dry 12 11,683 10,326-13 081
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Mines and Development

The three mines in the Pine Lake quadrangle, the
Shakespesr, Pollock and Davies, are abandoned (table 36). The
largest mine, the Shakespear (alo known as the Ray or Tropic
mine) was last operated in 1962. The principal coal bed averages
IS feet and dips 7 degrees northeast. The coal was mined from
drifts and crosscuts 7 to 10 feet high underlying an area »f about
15 acres. Unmined coal i found in the roof and floor ai:d in the
mine is relatively dry and nongassy. A coal mine fire in recent
years necessitated the sbandoning of one portal and constructing a
new one. This new one is now caved. Two hundred and twenty to
680 tons wers mined cach year from 1952 to 1962, the average
480 tons. Total production as reported by Robison (1966, p. 41)
probably totalled 2 few tens of thousands of tons.

Table 36. Coal mines in the Pine Lake quadrangle.

Mine | Location | Remaeks
Davies mise NE.NE.36-365-2W Active
4,165.740mN. 416 230m E. 19521953
PoBock mine SE SF 25.365.2W Active
4.165540m N. 416 30SmE.  1920"s
NW.NW.23.365-2W Active 195219631
(Tropic) 4163530mN. 413.530mE. 480 TY? Average
(inactive)

The Davies mine was opened in 1952 and operated only one .

year. The workings consist of an 80-foot drift.

The Pollock mine was probably mined in the 1920°s. The
smount produced i unknown. The coal beds at the mine dip 2
degrees northeast.

Reserves
Reserves estimated by Robison (1966, p. 40) are summarized

for the Pine Lake quadrangle. No additional information has been
acquired to warrant modification (table 37).

Table 37. Cosl reserves for the Henderson coal zone, Pine Lake
quadrangie (in short tons).

Henderson coel

zone ({eet) Clam i1 Clam 11 Totals
0-1,000 222,000,000 62,000,000 284 000 900
1,000-2 000 67,000,000 159,000,000 226 000,000
2,000-3 000 3,000 000 93 00,000 101 000,000
Totals 297,000,000 314,000,000 611,000,000

(Minable coal will be betwoen 33 and 50 percent of the smounts)




