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KNOB CREEK MVNAZITE PLACER

CLEVELAND COUNTY, NORTH CAROLINA

By R. F. Griffith and W. C. Overstreet

ABSTRACT

The area comprising the first flood plain downstream from the head-

waters of Knob Creek was one of three monazite placer deposits near Shelby,

N. C., recommended by the Geological Survey for investigation by the Bureau

of Mines as a joint effort by the above two agencies. Past production of

monazite from the headwaters of this stream and its drainage of an area of

known source rocks were factors influencing this selection. Drilling of

the deposit was started on November 26, 1951, and completed December 29,

1951. Twenty-two churn-drill holes were completed to bed-rock on 112 acres

of this flood plain for a total depth of 433 feet of vertical drilling.

Knob Creek, a tributary to the First Broad River, drains a structurally

complex area in the western part of the Piedmont province that is underlain

by deeply weathered schist, gneiss, and quartz monzonite. Monazite has

been concentrated in flood-plain alluvium that ranges from 11 to 24 feet

and averages about 18 feet in thickness. The alluvial fill is dominantly

fine sand, silt, and clay, although the flood plain drilled is only 2.5

miles downstream from the extreme headwaters of Knob Creek. The pre-

dominence of finer-grained clastic material reflects the extent

* This report concerns work done on behalf of the Division of Raw Materials
of the U. S. Atomic Energy Commission.

_/ Mining engineer, U. S. Bureau of Mines

_/ Geologist, U. S. Geological Survey
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of weathering of country rock. The largest portion of sediment in the

valley has been derived from upstream sources. Slope-wash from ad-

jacent hillsides has contributed little to the fill in the flood-

plain drilled.

Monazite in the alluvium was derived from weathered country rock,

the richest source being quartz monzonite of pre-Carboniferous age.

Other heavy minerals in the deposits include garnet, ilmenite, epidote

and other ferro-magnesium minerals, magnetite, zircon, and xenotime.

The results of this drilling indicate that in the area drilled

there are 3,330,000 cubic yards of minable alluvium containing 2,780

tons of monazite, 11,700 tons of garnet, 7,700 tons of ilmenite, and

330 tons of zircon. The area that could be worked as a continuous

deposit can be extended downstream from the area drilled to include

an additional 64 acres. If further exploration proves the tenor of

this addition to be comparable to that of the area drilled, the total

volume of the deposit would be increased to over 5,000,000 yards and

the indicated reserves of monazite to 4,375 tons.

The monazite tenor of the lower 30 percent of the section is

nearly 4 to 1 that of the overlying sediments. However, the indi-

cated average of 0.9 lbs. of monazite per cubic yard contained in

the upper 70 percent of the deposit indicates that it would be more

economical to mine the entire average depth of 18.5 feet than to

employ stripping methods.

An income from other heavy minerals and the sand and gravel

contained in this deposit can be expected to defray a part of the

costs of mining.
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INTRODUCTION

The investigation of monazite deposits in the southeastern

states by the Bureau of Mines and the Geological Survey on behalf

of the U. S. Atomic Energy Commission was prompted by the history

of past production and the many communications reporting the oc-

currence of monazite in this area.

Past production was entirely from small branch streams which

were mined by hand methods when labor could be obtained for 50 cents

to one dollar per day. The objective of this churn drilling project

was to determine if there were monazite deposits in this region of

sufficient tenor and volume to encourage production by private in-

terests. This program has been directed chiefly to a search for

larger deposits which could be mined in line with present economic

conditions more cheaply with dirt-moving equipment, even though the

grade of the larger deposits might be less than that of some of the

smaller known placers.

The area around Shelby was selected for the initial study be-

cause this had been the center of the early-day monazite mining.

In October 1951 three specific deposits in this area were recommended

for exploration by the U. S. Geological Survey: 1. Knob Creek, in

Cleveland County, tributary of the First Broad River; 2. Buffalo

Creek, Cleveland and Lincoln Counties, tributary of the Broad River;

and 3. Sandy Run Creek, Rutherford County, tributary of the Broad

River.

In each case these areas were selected because they are the
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first sizeable flood plains downstream from the headwaters, each

had been hand mined for monazite, and because a different type of

source rock was predominant in each area. A secondary objective of

the project was to obtain information to determine which of the

host rocks of the area might be the most favorable source of the

monazite. Although the volume of these deposits (2 to 3# million

cubic yards) was not large enough to warrant the installation of

bucket-line dredges, it was believed that smaller, less-costly

equipment, such as drag-line, suction, or dry-land dredges, would

be practical provided that sufficient contained monazite per cubic

yard was indicated.

In October 1951 Bureau of Mines personnel experienced in the

evaluation of western monazite deposits were transferred to Shelby

from the Idaho monazite fields. A small gravity-concentration

laboratory was installed at Shelby, a churn-drill contract was

awarded to the Carolina Well Drilling Co., Inc., of Shelby, and

drilling was started on Knob Creek on November 26, 1951, and com-

pleted December 29, 1951.

SUMMARY AND CONCLUSIONS

During the winter of 1951-52, 22 churn-drill holes were com-

pleted to bedrock on the 112 acres contained in the upper flood

plain of Knob Creek, Cleveland County, N. C. These holes, ranging

from 14 to 27 feet in depth, indicated 3, 331,000 cubic yards of

minable alluvium containing 2,781 tons of monazite, 11,712 tons of
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garnet, 7,743 tons of ilmenite, 952 tons of magnetite, and 331

tons of zircon.

Under present economic conditions, the weighted average of

1.67 pounds of monazite per cubic yard that is indicated in th.

Knob Creek deposit is sufficient to support a mining operation of

the magnitude of 5,000 cubic yards per day provided that other con-

ditions are favorable. However, the 3-1/3 million cubic yards of

minable alluvium contained in the drilled area of this deposit is

not enough to warrant the initial cost of such an installation. The

increased costs incidental to smaller-scale mining methods would

make a marginal operation if the income was derived only from the

monazite. The gravel in the deposit is a possible source of by-

product income; gold was found only in trace amounts and cannot be

considered; garnet and ilmenite are of questionable value but could

be saved in a separation plant--the garnet is believed to be of an

inferior grade for abrasive purposes. The installation of a sepa-

ration plant would be warranted only if more and larger deposits

are found in that general area. Climatic conditions, character of

material, power and water supply, and physical features are all

favorable for mining operations.
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DESCRIPTION OF DEPOSIT

Location

Knob Creek rises in the northeastern corner of Cleveland County

in southwestern North Carolina and flows southward twelve miles to

join the First Broad River (Fig. 1). The First Broad River is tribu-

tary to the Broad River which flows southward into South Carolina where

it joins the Saluda River to form the Congaree River. The Congaree

River flows southeastward to its junction with the Wateree River from

which junction to the Atlantic Ocean the stream is called the Santee

River.

Knob Creek has two main forks: an eastern fork known as Knob

Creek and a western fork called Little Knob Creek. The area drilled

on Knob Creek is the first large flood plain downstream from the head-

waters of the eastern fork.

The upstream end of the area is accessible over 1.9 miles of

paved road (N. C. Route 10) west from Toluca, Cleveland County, N. C.

Toluca is on a paved highway (N. C. Route 18) 18 miles north of Shelby,

N. C. Shelby, with a population of 16,000, is the county seat of

Cleveland County. Both the Southern Railway and Seaboard Air Line

Railway have freight stations in Shelby.

A graded dirt road that leads 2.4 miles west from N. C. Route 18

crosses the center of the area, and a dirt road leading 1 mile west

from N. C. Route 18 crosses the downstream end of the area. All three

dirt roads continue westward from Knob Creek to join a hard-surfaced
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road that is 0.5 mile to 1 mile west of Knob Creek. Private roads or

paths used by farm wagons and tractors give access to the flood plain.

All graded dirt roads are maintained by counties. Surfaces will support

normal farm trucks and passenger cars in good weather, but the surfaces

are cut up badly during wet weather. Normally, the roads drain well

and dry in a few hours after light rains. Long-continued rain or

alternate thawing and freezing plus heavy traffic will severely damage

surfaces. All bridges on graded dirt roads range in load limit from

4 to 8 tons. No public, and scant private maintenance, is given to

farm wagon and tractor paths that lead from graded roads to fields

and pastures on Knob Creek flood plain. Small creeks and drainage

ditches are crossed by crude spans or fords. None of these path ap-

proaches exceeds three-quarters of a mile in length; most are less

than a half mile long.

Electric distribution lines are operated by Duke Power Company

and the Rural Electrification Administration. Most of these lines

are capable of handling single-phase electric motors of as much as

7.5 horsepower.

Physical Features

Cleveland County is in the western Piedmont of North Carolina.

Records of weather at Shelby for the period September 1950 through

August 1951 are tabulated below:
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Average Daily
Maximum Temp.

(Degrees F.)

80
73
60
48
53
56
62
71
82
88
93
90

Average Daily
Minimum Temp.
(Degrees F.)

59
52
32
26
28
30
lo
46
52
63
66
66

Total Monthly
Precipitation

(Inches)

5.38
h.37
1.11
3.35
1.51
2.91
5.67
4.57
0.85
3.83
6.76
3.22

Total h3.52

These may be taken as representative of conditions that obtain on Knob

Creek. Climate would permit year-round mining.

Relief is low. Hillsides rise gently upward 100 to 150 feet from

the valley floor which is 900 to 930 feet in elevation in the area

drilled. About 1 mile north of the area drilled, Carpenter Knob rises

500 feet higher than the surrounding Piedmont plateau. The northern

boundary of Cleveland County is along the crest of Gilead Ridge in the

South Mountains. In the northwestern part of the county, 7 miles

west-northwest of the drilled area, Benn Knob attains an elevation of

2,891 feet. It is the highest point in Cleveland County.

Gradient of Knob Creek through the drill area is 2.7 feet per

1,000 feet.

Nearly 92 percent of the 298,240 acres in Cleveland County is

classified as farm land, of which 152,373 acres are cropland, 2h, 867

acres are pasture, 80,663 acres are woodland, and 15,723 acres are

house lots, wasteland,roads, etc.

Month

Sept.
Oct.
Nov.
Dec.
Jan.
Feb.
March
April
May
June
July
Aug.

Year

1950
1950
1950
1950
1951
1951
1951
1951
1951
1951
1951
1951
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On the Knob Creek flood plain 45 percent of the land is used as pasture,

20 percent is cultivated, and 35 percent is wasteland. Throughout the

county, rapid erosion of cropland, resulting from extensive cultivation

of cotton which provides poor cover, is slowed by terracing, contour plow-

ing, and strip farming.

No accurate record of flow of Knob Creek has been made. Average

flow of Knob Creek at the lower end of the area drilled is estimated to

be 4,000 gallons per minute.

Geology

Knob Creek drains a structurally complex area in which close folding,

strong flowage of incompetent rocks, and high-level regional metamorphism

have obscured original features of the rocks. Mappable rocks are: biotite

gneiss, biotite schist, sillimanite schist, Toluca quartz monzonite, and

pegmatite related to the quartz monzonite. The schists and gneiss are

metamorphosed sediments in the Caro) ina gneiss. Toluca quartz monzonite

and its associated pegmatite have been introduced into the Carolina

gneiss, most widely into sillimanite schist, the least competent rock of

the suite. Ages of all five rocks are unknown, although Carolina gneiss

is conventionally referred to as pre--Cambrian. Toluca quartz monzonite

is thought to be pre-Carboniferous.

All five rocks contain small amounts of monazite. Average volume

Lercents of contained monazite, based on study of 1,245 samples, range

from 0.003 percent in Toluca quartz monzonite to 0.0007 percent in

biotite schist of the Carolina gneiss. In order of decreasing amount of

contained monazite, the rocks rank: Toluca quartz monzonite, pegmatite

associated with Toluca quartz monzonite, biotite gneiss, sillimanite
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schist, and biotite schist. Rocks rich in pegmatite, as the sillimanite

schist cammonly is, became good sources of monazite for placer concentration.

Before the monazite can be mined, it must be concentrated from the host

rock into placers. Rarely, the amount of monazite in the host rock was

great enough to allow direct mining of the rock. Two records are availa-

ble of these unusual concentrations: 1. At the British monazite mine

three miles northeast of Shelby, N. C., hardrock and saprolite of pegmatite-

bearing biotite schist contained 0.03 to 1.1 percent of monazite; and 2.

Saprolite undescribed type) at the F. K. McClurd mine three-quarters of a

mile northeast of Carpenter Knob contained 0.016 percent of monazite.

The flood plain drilled is 2.5 miles downstream from the extreme head-

waters of Knob Creek and receives drainage from 7 square miles of deeply

weathered rock. Principal rocks underlying this drainage area are Toluca

quartz monzonite and biotite gneiss with subordinate pegmatite-bearing

sillimanite schist and biotite schist. Hard rock outcrops are rare..

Commonly, bedrock beneath valley fill is saprolite.

Alluvium in the 22 drill holes sunk in Knob Creek flood plain ranges

in depth from 11 to'24 feet and averages 18.5 feet. Fine-grained sedi-

ments predominate, as shown from the following table based on logs

of the holes:

Percent of Total Thickness
Sediment of Sediments Recorded

1. Gravel and sand 3
2. Gravel with silt and clay 26
3. Fine sand and silt 29
4. Clay and fine sand 6
5. Clay 36

This dominance of finer-grained fragments in fluvial sediments deposited

2.5 to 4.5 miles downstream from extreme headwaters reflects the degree
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to which the rocks of the drainage basin have been chemically weathered.

Clay-, silt-, and sand-sized particles are prominent in saprolite, but

fragments in the gravel sizes are uncommon. Thus, gravel in these

fluvial sediments is mainly quartz from veins and pegmatite; gravel made

up of rock fragments is very rare.

Knob Creek valley was eroded in a saprolitic surface. Hardrock

supports constrictions in the valley. Deposition of alluvium to a

height 3 to 4 feet below the present upper surface of the flood plain

was completed before farming began in the area. Some workers date such

sediments as Pleistocene. The upper 3 to 4 feet of alluvium, a fine

reddish sand and silt, has been deposited during the last 150 years.

This deposition occurred during periods of overbank flooding with the

sediment brought in from upstream sources. The process continues, but

at a reduced rate. Slope-wash from adjacent hillsides has contributed

little to build the flood plain; some encroachment is evident at the

extreme margins of the valley. Small, low alluvial fans spread out on

the flood plain from mouths of gullies and intermittent streams and

at downhill ends of plantation roads. Sediment dropped in these fans is

greater than the amount added to the flood plain directly by slope-wash.

Mineralogy

The heavy minerals contained in the concentrates from this deposit

are: garnet, ilmenite, monazite, epidote and other ferro-magnesium

minerals, magnetite, zircon, and xenotime in the order named. Petro-

graphic analyses and field estimates were made on only the minus 10-mesh

material since all samples from the drill holes were screened to 10-mesh

before concentration. A small amount of garnet occurred in the larger
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sizes. An examination of the screen analysis of a sample indicates

that all of the monazite occurs as minus 28-mesh and that 43 percent

is minus 100-mesh size. By contrast, a short distance away on the

headwaters of the small streams feeding into this flood plain plus

10-mesh monazite is common.

The greater concentration of black sands occurs in the gravel strata

overlying the saprolitic bedrock. In these strata there was usually

enough clay to act as a binder to hold the heavier minerals. There was

very little downward migration of the heavy minerals into the soft sapro-

lite bedrock. Gravel, well-rounded quartz pebbles, is found in varying

amounts throughout the lower 30 percent of the deposit; the relative

proportion increasing as the saprolitic bedrock is approached.

The monazite tenor of this gravel stratum is approximately 4 to 1 that

of the overlying fine sands, silts, and clay.

Following is the average mineral content of the heavy sands as de-

termined by the weighted field estimates and by a petrographic analysis

of the concentrates from a selected sample:

Weighted Avg. of Field Estimates
Weight Lbs. per Weight, Lbs. per

Mineral Percent cu. yd. Percent cu. yd.

Black sands --- 23.15 --- 18.31
Garnet 48.3 11.18 38.4 7.03
Ilmenite 9.8 2.27 24.5 4.49
Monazite 11.5 2.66 9.7 1.77
Epidote 2.0 0.46 -- --
Fe-Mags 2.0 0.45 -- --
Magnetite 1.0 0.23 3.1 0.57
Zircon 0.9 0.21 1.1 0.20
Xenotime 0.1 0.02 -- --
Quartz, etc. 21.6 -- 23.2 --

A complete screen analysis of a selected sample, and results of a

chemical analysis of hand-picked monazite from this area are shown on

the following page:



Screen Analysis of a Selected Sample

Percent Minerals present
Quartz,

Magnet- Ilmen- Gar-.zircon,Monaz- Monazite,
ite ite net other ite pounds

Weight
original
material
pounds

12.0
20.0
8.8

27.0
25.6
26.4
23.0
21.0
18.0
13.14
8.8
11.0

Weight
percent
original
material

5.6
9.3
4.1

12.6
11.9
12.3
10.7
9.8
8.4
6.2
4.1
5.0

Weight
table
concs.,
pouno 3

0.001
0.090
0.153
0.158
0.228
0.210
0.175
0.237
0.216
0.102
0.059

0
0
0
0
1
3
7

13
8

10
21

0
0
0
0
0.002
0.006
0.012
0.031
0.017
0.010
0.012

Weight
Percent,
Monazite

0
0
0
0
2.2
6.6

13.3
34,.5
18.9
11.1
13.4+

0.090 100.0

Chemical Analysis of Hand-picked Monazite

Percent

ThO2 - - - - - - - - - - - -

U308- - - - - - - - -  - - - -

Th02 equivalent - - -

The Th02 equivalent is calculated as follows:

7.28

0.42

9.O4

Percent Th02 Eq. .Percent ThO2 + (4.2 X Percent Uo8 )

H

Screen
Size

0
1
3
5
8

15
18
28
38
40
50

+/8
-/8 +
-10 t

-14 +
-20 +t

-28 +

-35 +.
-48 t
-65 +t
-loo+
-150+
-200

10
14
20
28
35
48
65
100
150
200

70
74
70
72
65
64
55
20
1
1
1

100.0

30
25
27
23
26
17
19
37
51
45
19

1.629

Weight
percent
table
concs.

0.1
5.5
9.4
9.7

14.0
12.9
10.7
14.5
13.3

6.3
3.6

100 .0

0
0
0
0

trace
1
1
2
2
4
9

215.0

H
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HISTORY

Monazite was discovered in the southeastern United States

3/
in 1879 - by W. E. Hidden at Brindle Town, Burke County, N. C.,

about 17 miles west-northwest of the Knob Creek area. Placer

mining began in 1886 in Burke, McDowell, and Cleveland counties,

N. C., and rapidly spread northeastward and southwestward. First

recorded production was 10 tons in 1887. Continuous output from

North and South Carolina lasted until 1911, and a small revival

extended from 1915 through 1917. Maximum annual output for the

southeastern placers was 676 tons in 1905.

Southern monazite mining was by crude hand methods on small

streams. The headwaters of Knob Creek and Little Knob Creek were

mined. Small tributaries leading into Knob Creek from Carpenter

Knob were locally famed for the richness of their monazite placers.

No part of the drilled flood plain was mined because overburden

was too deep.

EXPLORATION

The preliminary exploration of the Knob Creek placers was per-

formed by the U. S. Geological Survey during the stmer and fall of

1951. Material from exposed banks and stream bars was panned and

the monazite content estimated. In addition, several holes were

sunk with an auger-type drill to determine the depth to bedrock and

the stratigraphic sequence. The Bureau of Mines moved a churn drill

and crew to the area on November 26, 1951, to conduct the explora-

3/ Pratt, J. H., Zircon, monazite, and other minerals used in the pro-
duction of chemical compounds employed in the manufacture of lighting
apparatus: N.C. Geological and Economic Survey, Bull. 25, p. 50, Raleigh,
1916.
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tion program which was completed on December 29, 1951. Twenty-two

holes, ranging from 14 to 27 feet in depth, were drilled on the

upper flood plain of Knob Creek for a total of 433 feet of verti-

cal drilling.

Difficulty was experienced in moving between drill sites be-

cause of many heavy rains and the subsequent swampy ground in the

creek bottom. It was necessary to pull the drill rig on many of the

moves with a 4-wheel-drive power wagon.

An additional hole was drilled 1 mile north of the flood

plain on a ridge deposit where a shaft had reportedly been sunk

to 40 feet in ground containing good values in monazite. This

exploratory hole, drilled to a depth of 25 feet, indicated 1.83

pounds of monazite per cubic yard to a depth of 20- feet. The

material appeared to be colluvium, transported soil, and not a

stream deposit.

Churn Drilling

Past experience in sampling monazite placer deposits with a

churn drill had demonstrated the adaptability of this method for the

exploration of the deposits in the southeastern states, and all samples

were taken with this equipment. The drilling was performed under

Contract No. Im-7053, awarded to the Carolina Well Drilling Co., Inc.,

of Shelby, N. C.

The drill used was a truck-mounted Model 21-W Bucyrus, using

6-inch casing equipped with a 7-3/8-inch drive shoe. Care was taken

to separate the samples at the different stratigraphic horizons. As

the samples were taken, a small portion was panned for field control.
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The maximum drive, before moving the core from the casing, was usual-

ly 22 feet. With longer drives, the core rise and volume recovery

were not satisfactory. The individual samples were then combined

to represent a certain sequence, and the samples were dried and

screened in the field to minus 1/8-inch. The plus 1/8-inch gravel

was discarded after recording the weight. The weight of the minus

1/8-inch material was recorded and then tagged and sacked for sb ip-

ment to the field laboratory at Shelby. This material was re-

screened in the field laboratory to minus 10-mesh before concentra-

tion on the Wilfley tables. In each field, slime samples were taken

from several drill holes and examined in the field laboratory for

monazite losses. These losses were negligible since the character

of the ground produced very little slimes.

All drill-hole calculations were based on the recovered dry

weight of the samples. Measured volumes of different types of material

in place were weighed to obtain the factors to convert from weight to

volume. These factors varied from 2,000 pounds per cubic yard for

the weight of dry saprolite in place to 3,200 pounds cubic yard for

the weight of the heavy gravel strata.

A total of 117 samples, weighing 7,951 pounds, was recovered

from Knob Creek. Field estimates were made of the mineral content of

the black sands for each individual sample in the field laboratory;

and the concentrates were then shipped to the Bureau of Mines labora-

tory at Mt. Weather, Va., for chemical, radiometric, and petrographic

analyses.
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The drilling data for the Knob Creek area are tabulated below:

Knob Creek Drilling Data

Theoretical
No.of Volume Screen Wt. Recovered Cumula- Wt. of
Drill Total No. of Recovered, Size, Per- tive Per- conc.,
Holes Footage Samples Percent Mesh lbs. cent cent lbs.

23 458 117 59.1 +8 404 5.1 5.1
-8+10 966 12.1 17.2
-10 6,581 82.8 100.0

Totals 7,951 100.0 54.109

ANALYSES

Field Estimates

The Drill-hole samples were weighed and dry screened to minus 10-

mesh on a vibrating screen in the Shelby laboratory. An exhaust system

was installed to alleviate the dust hazard. The minus 10-mesh material

was concentrated as individual samples on Wilfley tables fed by hy-

draulic cone classifiers. In order to record the information furnished

by the individual samples before making hole composites for the final

analyses, field estimates were made of the mineral content of the black

sands from each sample. After the concentrates were dried and weigh-

ed, a 10-gram portion was cut for examination. A hand magnet was

used to remove the magnetite which was weighed and recorded as percent.

The ilmenite, garnet, monazite, zircon, and light fractions were esti-

mated in percent by a visual examination with a 40-X penscope. The

zircon content was further checked with a mineralight. The entire

sample was then checked with a field Geiger counter against standards

of the same weight prepared from monazite obtained from Knob Creek.
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A suory of the field estimates follows:

Tabulation of Summary of Weighted Field Estimates

Magnetite

1.08
0.18
0.60
0.23
0.56
0.56
0.93
0.23
0.21
0 .71.

Pounds per cubic yard
Ilmenite Garnet Zircon

2.21 7.17 0.29
2.90 3.25 0.22
3.88 6.28 0.09
4.08 6.57 0.16
4.28 4.48 0.16

7.18 9.87 0.31
5.83 9.38 0.20
4.73 9.47 0.28
5.00 5.4o 0.17
7.846.86 o.21

Monazite

1.87
1.36
1.97
1.58
1.56
2.66
1.20
1.30
1.22
2.63

Average no. of lbs. of Black Sand indicated per cu. yd. 18.31
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from the individual samples,
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0.57
4.49
9.03

0.20
1.77

prospected
99
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Percent

24.5
38.4
1.1
9.7
23.2

100.0

30,578
952

7,473
11,712

331
2,940

upon arrival at

the Mt. Weather laboratory, were made into composite samples of each

drill hole. A representative fraction of each composite was cut

and ground to approximately 150-mesh. Radiometric analyses were run

on each sample against thoria standards. The monazite content of the
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individual blocks, based on these analyses, ranges from 1.05 to 2.47

pounds Fer cubic yard and averages 1.67 pounds per cubic yard.

Chemical Analyses

A sample of pure monazite from Knob Creek and the concentrates

from all drill-hole composites were assayed for Th02. These data

were used to calculate the percent of monazite in the concentrates

as indicated by the chemical analyses. The monazite sample and 7

drill-hole composites were also assayed for U30 8 in order to check

the radiometric results by calculating the Th02 equivalent.

Mineralogical Analyses

The composite samples from 7 selected drill holes were analyzed

for monazite by the mineralogical laboratory. Mineral separations

were made by means of a Frantz Isodynamic separator followed by

treatment with heavy liquids. Final determinations were made petro-

graphically, and density corrections were applied in order tc re-

port the monazite in weight percent. The small amount of xenotime

present is included as monazite because xenotime accounted for less

than one percent of the monazite fraction.

The mineralogical analysis of the concentrates from a selected
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hole is as follows:

Mineral

Garnet
Monazite
Ilmenite
Epidote
Fe -Mags
Magnetite
Zircon
Xenotime
Rutile
Quartz

Comparison

Weight percent

48.3
11.5
9.8
2.0
2.0
1.0
0.9
0.1

21.6

of Analyses

A comparison of the pounds of monazite per cubic yard indicated

by various analytical methods is shown on the following pages:

Comparison of Analyses from 7 Selected Holes

Average Percent
Monazite Th2Equiv. Th U_Method

Lbs. monazite
per. cu. yd.

Field Esti
Petrograph
Radiometri
Chemical

Late 12.61
ic 11.6
Lc 11.6 1.04

10.8 1.00 0.788 0.051

2.92
2.69
2.69
2.50

Average of Petrographic - Radiometric- Chemical 2.63

Field Estimate 7.57 0.94
Petrographic 6.7 0.83
Radiometric 6.9 0.62 0.86
Chemical 6.1 0.598 0.443 0.037 0.76

Average of Petrographic - Radiometric - Chemical 0.82

Field Estimate 11.17 1.90
Petrographic 12.1 2.06
Radiometric 12.8 1.15 2.18
Chemical 11.9 1.10 0.865 0.055 2.02

Average of Petrographic - Radiometric - Chemical 2.09

Field Estimate 10.31 1.65
Petrographic 9.1 1.46
Radiometric 8.9 0.80 1.42
Chemical 8.4 0.611 1.34

Average of Petrographic - Radiometric - Chemical 1.41

..
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Comparison of Analyses from 7 Selected Holes (con'd)

Average Percent Lbs. monazite
Method Monazite Th02 Equiv. Th_02 U3 per. cu. yd.

Field Estimate 9.5 3.38
Petrographic 8.2 2.92
Radiometric 8.4 0.76 2.99
Chemical 8.1 0.759 0.587 0.041 2.88

Average of Petrographic - Radiometric - Chemical 2.93

Field Estimate 7.47 1.37
Petrographic 7.2 1.32
Radiometric 7.2 0.65 1.32
Chemical 6.8 o.64 0.492 0.035 1.25

Average of Petrographic -Radiometric -Chemical 1.30

Field Estimate 12.9 2.63
Retrographic 11.4 2.32
Radiometric 11.7 1.1 2.38
Chemical 10.9 1.05 0.797 0.060 2.22

Average of Petrographic-Radiometric-Chemical 2.31

Weighted average of Radio assays for entire field: 1.67
It " field estimates for " 1.77

RESERVES

The indicated reserves in the area drilled on the upper flood

plain of Knob Creek are 3,330,960 cubic yards of monazite-bearing

alluvium containing an average monazite content of 1.67- pounds per

cubic yard. Based on field estimates of 110 samples from 22 drill

holes, the deposit also contains 7.03 pounds of garnet, 4.49 pounds

of ilmenite, 0.57 pounds of magnetite, and 0.20 pounds of zircon per

cubic yard. The indicated reserves of these minerals in tons are:

2,781 tons of monazite, 11,712 tons of garnet, 7,473 tons of ilmenite,

952 tons of magnetite, and 331 tons of zircon.

4/ The pounds of monazite per cubic yard calculated from the radio-
metric analyses is the accepted figure for this report. The radio-
metric analyses were in good agreement with the other analytical methods,

and they covered the greatest number of samples.

GPO 363700 - 2
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The location of the lines of drill holes, normal to the general

course of the stream, was governed to a considerable extent by access

roads leading into the bottom land over which the drill truck and

equipment could negotiate. Eight lines of holes and 2 individual

holes were used indetermining areas of influence. Because of the

narrow width of the valley and the meandering course of the stream,

each line of holes was chosen to represent a block or ground, the

boundaries of which were governed by the valley walls and one-half

the distance to the adjoining line. The average minable depth of

the cross section on any given line was taken as the average depth

for the block represented by that line. The number of cubic yards

contained in each block was then determined by multiplying the area

of the block, as found with a planimeter, by the average depth of

the cross section.

The mineral content, as indicated by the individual holes, was

weighted as to depth to obtain the average for the block. The weight-

ed average mineral content for the entire deposit was determined by

dividing the summation of the weighted values by the total number

of cubic yards.

The area outlined by the drilling is approximately 2.1 miles in

length by 150 yards in width and contains 112 acres with an average

depth of 18.47 feet. The northern, or upper, limit is established by

a narrow canyon and a hard, granitic bedrock that outcrops in the

stream. A relocated road (N. C. Route 10) crosses the deposit at this

point. The lower limit of the drilled area terminates in a heavily

wooded section. An examination was made of this lower limit in June

1952 by a Bureau of Mines engineer who believed the deposit might be
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extended beyond this point, thereby increasing the yardage and reserves.

This examination revealed that no bedrock reef, canyon, or con-

striction occurs at this point; and that the area that could be worked

as a continuous deposit could be extended downstream for a distance of

1.74 miles to the bridge on the hard-surfaced road leading west from

N. C. Route 18 past the Belmont School. This additional area of 64

acres contains an estimated 1,910,000 cu. yds. If the tenor proves

to be comparable to that of the area drilled, the total volume can be

increased to 5,240,000 cu. yds. and the indicated reserves of monazite

to 4,375 tons. The east and west boundaries are outlined by the valley

rims and are quite clearly defined.

The one prospect hole drilled on the ridge deposit north of the

flood plain, was not sufficient to outline a reserve in this area.

A summary of reserves follows:

Sunmary of Reserves

Monazite Reserves

Pounds per cubic yard Tons of Tons of
Yardage Black Sand Monazite Black Sand Monazite

3,330,960 18.31 1.67 30,578 2,781

Th02 and U308 Reserves

Chemical Analysis
Tons o f Monazite, Percent Tons Tons
Monazite Th20 U Th02 U O8

2,781 7.28 0.42 202.46 11.68
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BENEFICIATION AND ECONOMICS

The production of monazite in the United States, up to the present

time, has been from two widely varying types of operation: the hand-

mining methods of the early days and the converted bucket-line gold

dredges presently operating in the Cascade area of Idaho. Neither

of these methods is applicable to the Knob Creek deposit; the tenor o:

the deposit is not enough to mine by hand; nor is the volume suffi-

cient to support the 5,000 cubic yards per 24-hour lay capacity de-

manded by the initial cost of a small bucket-line dredge which could

mine the entire deposit within a period of two years. For this deposit,

it appears that a mining operation with a capacity of about 2,000 cubic

yards per 24-hour day would have the best chance of operating at a

profit under present economic conditions. Assuming a recovery of 12

pounds of monazite per cubic yard, the total operating costs, in-

cluding mining, mineral separation, royalties or purchase of land, and

amortization of equipment, must be reduced to around 23 cents per cubic

yard in order for an operation of this size to show a profit at a price

of $375 per ton of monazite. The following figures support this estimate:

Estimated Gross Income and Costs per 24-hour Day

1. Gross Income: 2 000 cu.yds. at l lbs. monazite/cu.yd..

42 tons of monazite; at $375/ton = $560.00

2. Costs: a. Amortization:($100,QOO initial costs--
write-off period, 3 years) - - - $100

b. Royalties - - - - - - - - - - - 56
c. Operating Expense (wages, salaries,

and operation of equipment for
mining plus mineral separation
costs, including freight) - - - 300

Total costs $456.oo
$456/2,000c u.yds. - $o.23/cu.yd.
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The types of equipment suggested for an operation of this magnitude

are: A floating washing and concentration plant, equipped with a stacker

and fed by a 2-cu. yd. drag-line shovel (the doodle-bug dredge common to

the gold fields of the west); a suction-type dredge, equipped with cutter

head and stacker. The improvements being made on the jig-equipped dredges

in Idaho, as a result of the Bureau of Mines sampling program, suggest

this method for the concentration of the heavy minerals; however, it is

possible that shore plants using Humphry Spirals and/or tables might

prove to be more satisfactory. Since there would be no bedrock cleaning

problem on the Knob Creek deposit, a dry-land-type dredge is not sug-

gested. The easier moves and re-circulation of water make a floating

plant more practical. It is highly prhable that the tailing piles

would have to be smoxthed and leveled after mining in order to re-claim

the land for pasture and crops. This could be done with a bulldozer for

an estimated cost of 2 cents per cu. yd. of material mined. Although

the top 70 percent of the deposit, composed of fine-grained sediments,

contains on an average, only one-fourth the amount of monazite found

in the underlying gravel strata, it is believed that it would be more

economical to mine the entire average depth of 18.5 feet than to

employ stripping methods.

The success of any monazite-mining operation in this area depends

on the installation of a centrally located mineral separation plant.

It will be necessary to locate additional minable deposits in order to

justify the initial costs of such a plant. A mining venture of the

magnitude outlined above could produce 15 tons of concentrates per day

from the Knob Creek deposit. This bulk could be reduced by 25 percent
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by screening to minus 28-mesh without any monazite losses. It is be-

lieved that a cleaner concentrate could be produced than that from the

drill samples on the laboratory tables. Plus 20 percent of quartz,

feldspars, etc., was retained in these samples in order to assure the

recovery of all valuable minerals. The minus 10-mesh material from the

drill samples was too coarse for refined treatment on the laboratory

tables. In the future, these samples will be screened to minus 16-

mesh, and a cleaner concentrate will be produced. By screening to

minus 28-mesh in a commercial plant, the bulk of the oversize would

be garnet; however, this mineral has a doubtful market value at the

present time. In the sand plant of Baumhoff-Marshall, Inc., at Boise,

Idaho, a high-tension electrostatic machine is used to separate about

70 percent of the concentrates as ilmenite before passing the remainder

to an electro-magnetic, cross-belt separator. There does not appear

to be enough ilmenite in the concentrates from this deposit to warrant

the installation of the high-tension separator. This would have the

effect of overloading a cross-belt magnetic separator which has a

limited capacity.

There is a good market in the southeastern states for washed sand

and gravel. The economics of producing these materials and the heavy

minerals as byproducts of monazite mining should be investigated.
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Figure 1

INDEX MAP SHOWING

AREAS DRILLED IN THE WESTERN PIEDMONT
NORTH CAROLINA AND SOUTH CAROLINA

WINTER OF 1952- 1953

AREAS

I. South Muddy Creek, McDowell County, N. C.
2. Silver Creek, Burke County, N. C.
3. Junction of Buffalo Creek with Broad

River, Cherokee County, S. C.
4. Downstream from junction of North Tygre

River and Middle Tygre River, Spartanburg
County, S. C.

5. Thicketty Creek, Cherokee County, S. C.

6. North Rabori Creek and South Robon Creek,
Laurens County, S. C.

. Big Generostee Creek and Mountain Creek,
Anderson County, S. C.

8. Catawba River, Burke County, N. C.
9. Junction of First Broad River, Words Creek,

Hinton Creek and Duncons Creek, Cleveland

County, N. C.
0. Pacolet River, Spartanburg County, S. C.
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