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INTRODUCTION

This open-file report provides a reconnaissance-level summary of frac sand potential in Utah. The report was originally com-
missioned by the Utah School and Institutional Trust Lands Administration (SITLA) to assess frac sand potential on SITLA
lands. The report was completed in 2013. Beyond providing data on frac sand potential, the report provides general data on sand
and sandstone deposits in Utah that may indicate suitability for other applications that require high-silica sand. The original
contract-deliverable report is provided “as is,” and no updates have been made to the text or figures.

Frac sand is a proppant used in the oil and gas industry. During the hydraulic fracturing process, small fractures are created in
oil and gas reservoirs and proppant is pumped into the fractures to keep them open, allowing for better flow of oil and gas into
the wellbore. Frac sand is mined domestically in several states, but frac sand sourced near its end use has significant economic
advantages. Frac sand is primarily sourced from quartz-rich sand and sandstone deposits and has a fairly stringent set of spec-
ifications. Since the 2013 completion of this report, a trend in the oil and gas industry has been to use more proppant in hy-
draulically fractured wells, and frac sand specifications have loosened. This opened up more deposits to consideration for use.
Also, a variety of frac sand-related activity has occurred in Utah over the past decade or so. Explorers have evaluated frac sand
in a variety of places including southwest Utah, western Utah, the San Rafael Swell, and the Uinta Basin. Because the Uinta
Basin is an actively producing oil and gas basin, it is the obvious target for frac sand exploration. Frac sand was first produced
in Utah in 2019 along the northeast edge of the Uinta Basin north of Vernal. At their RHEX mine, Ramsey Hill Exploration
began producing frac sand from unconsolidated Quaternary-age mixed alluvial and eolian deposits and over the years the mine
proceeded into the Triassic-Jurassic age Nugget Sandstone, a unit the UGS sampled during this reconnaissance study (Figure
I1). The RHEX mine can produce 40/70 and 100 mesh products and has a production capacity of 3 million (short?) tons of frac
sand per year (Ramsey Hill Exploration, undated).
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Figure I1. Frac sand mines near the northern Uinta Basin. Geology is from Sprinkel (2006, 2007, 2024). Shaded relief base map
provided by Utah Geospatial Resource Center.
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Figure 4. Eolian sand dunes in southern Washington County. Samples FS-4 and FS-5 were
collected in this area.

Figure 5. Eolian sand dunes in southeast Kane County. Samples FS-20 and FS-21 were
collected in this area.
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TEST RESULTS
Chemistry

Semi-quantitative chemical analyses of
whole rock and selected size fractions of frac
sand samples are presented in table 3. Based
on our semi-quantitative analyses, none of the
samples have SiO, contents of 99% or purer.
However, many samples indicate high SiO,
content—the highest SiO, result was 98.3%
from the no. 50 fraction of a dune sand (FS-
7) in Washington County. Samples from a
few units (whole rock or selected size
fractions) indicated 97% or higher SiO,;
those units include the White Rim/Cedar
Mesa Sandstones, White Throne Member of
the Temple Cap Formation, the capping
sandstone of the Wahweap Formation, and
eolian sand. Samples from the Nugget
Sandstone, Navajo Sandstone, Thousand
Pockets Tongue of the Page Sandstone,
Mesaverde Group, and Castlegate Sandstone
showed 95% or higher SiO, content. With
few exceptions, the size fractions we selected
for chemical analyses had a higher SiO,
content than the whole-rock analyses—
indicating that most of the impurities are
likely to be in the fines (material passing the
no. 140 sieve). This observation suggests that
processing and washing may improve the
general chemistry of a particular size fraction
by removing fine material that may adhere to
larger particles.

Although our results do not show 99%
Si0, purity, true quantitative analyses may
indicate higher SiO, than our semi-
quantitative analyses. For each analytical run,
we ran a known standard of relatively pure
sand (97.8% Si0,), and our semi-quantitative
analyses of that sample returned consistently
lower SiO, contents (typically 0.8 to 1.1%)
than the actual certified value. The semi-
quantitative results also consistently
overestimated impurities such as AlQO;,
Fe,03, CaO, and K,O in the standard.
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Sieve Analysis

Sieve analyses reported in weight percent
of material retained for each size fraction are
presented in table 4 and raw sieve data are in
appendix A. Overall, the two sieve sizes that
retained the most material in our sieve
configuration were no. 50 and no. 140. A
number of geologic units contained a
significant component of material (over 15%)
between sieve size no. 40 and no. 50,

including the White Rim/Cedar Mesa
Sandstones, Navajo Sandstone, White
Throne Member of the Temple Cap

Formation, Thousand Pockets Tongue of the
Page Sandstone, Dakota Sandstone, capping
sandstone member of the Wahweap
Formation, Mesaverde Group, and eolian
sand. Only a few samples contained a
substantial component of material (over 10%)
between no. 30 and no. 40: three samples
from the White Rim/Cedar Mesa Sandstones
and one sample each from the Navajo
Sandstone, White Throne Member, and
eolian sand (figure 6). A minimal amount of
material was retained on the no. 30 sieve size
for any of the samples. For samples that
contained high percentages of material
retained on the no. 50 and no. 140 sieves,
usually a significant, although lesser, amount
of material was retained on the no. 60 and no.
70 sieve sizes (commonly over 10% for each
size). Our results indicate geographic
variability within individual rock units. Most
notably, the Navajo Sandstone seems to be
finer grained in the eastern part of the state
than the western part, as a relatively
insignificant percentage of material was
retained above the no. 70 sieve in most of the
Navajo samples from the eastern part of the
state.

Our sieve test results suggest that a 20/40
frac sand product (or any other proppant
product with a larger grain size) is not viable
in any of the sampled areas due to the lack of



Table 3. XRF semi-quantitative analytical results for frac sand samples.

Geologic Weight percent
Sample No. Unit Na,O MgO Al,O; SiO, P,0O5 SO; Cl K,0 CaO TiO, Cr,0; MnO Fe,0; Sro ZrO, Total
FS-1 No. 140 Eolian sand 0.44 2.38 6.82 61.3 0.205 0.064 0.065 3.86 19.60 0.61 -- 0.09 4.26 0.13 - 99.83
FS-2 No. 140 Eolian sand 0.57 2.11 6.51 62.3 0.203 0.045 0.062 3.32  19.30 0.57 - 0.08 4.68 0.14 - 99.89
FS-4 Eolian sand 0.05 0.22 1.66 951 0.022 0.010 0.007 1.19 0.24 - 0.15 -- 1.27 - 0.025 99.94
FS-4 No. 50 Eolian sand - 0.12 0.62 97.5 0.017 0.013 0.006 0.36 0.19 - 0.13 - 1.02 - - 9997
FS-5 Eolian sand 0.08 0.28 2.38 93.3 0.029 0.013 0.004 2.16 0.18 0.13 0.11 - 1.24 - 0.023 99.93
FS-5 No. 50 Eolian sand - 0.07 0.62 97.4 - 0.011 0.004 0.44 0.09 - 0.16 - 1.17 - - 99.96
FS-6 Navajo SS 0.07 0.06 3.25 920 0.058 0.014 0.101 2.75 0.17 - 0.16 - 1.26 - 0.028 99.92
FS-6 No. 50 Navajo SS 0.07 0.05 1.27 96.3 0.026 0.015 0.055 0.91 0.07 - 0.14 - 1.00 - - 99.90
FS-7 Eolian sand - 0.04 0.92 96.9 0.019 - - 0.93 0.05 - 0.16 - 0.88 - - 99.90
FS-7 No. 50 Eolian sand - 0.05 0.36 98.3 0.016 - - 0.25 0.02 - 0.11 - 0.86 - - 99.96
FS-8 White Throne - - 1.30 96.5 0.042 0.011 0.004 1.05 0.05 - 0.17 - 0.82 - - 99.95
FS-8 No. 50 White Throne - 0.04 0.51 98.0 0.024 - 0.004 0.31 0.03 - 0.15 - 0.90 - - 9997
FS-9 White Throne 0.18 0.05 1.29 96.4  0.023 - - 1.17 0.04 - 0.11 - 0.65 - - 99.91
FS-9 No. 50 White Throne - 0.09 0.60 97.8 0.017 0.014 0.015 0.44 0.02 - 0.13 - 0.85 - - 9997
FS-10 White Throne - - 1.12 96.7 0.018 0.012 - 1.05 0.03 - 0.13 - 0.86 - - 99.92
FS-10 No. 50 White Throne - - 0.48 98.2 - 0.010 0.015 0.37 0.03 - 0.11 - 0.75 - - 99.96
FS-11 White Throne 0.05 0.07 2.03 952 0.037 0.063 0.014 1.63 0.06 - 0.14 - 0.67 - - 99.96
FS-11 No. 50 White Throne - - 0.84 975 0.020 0.036 0.006 0.65 0.02 - 0.13 - 0.77 - - 99.98
FS-12 Navajo SS 0.05 0.09 3.06 92.0 0.039 - - 3.18 0.06 0.18 0.14 - 1.15 - - 99.95
FS-12 No. 70 Navajo SS 0.24 0.04 1.53 95.2 - 0.011 0.007 1.51 0.03 - 0.18 - 1.19 - - 99.95
FS-13 Navajo SS 0.04 0.09 2.68 93.1  0.034 - 0.007 2.54 0.05 0.14 0.14 - 1.09 - 0.028 99.94
FS-13 No. 60 Navajo SS 0.04 0.04 1.19 96.5 - 0.012 0.009 0.86 0.04 - 0.17 - 1.11 - - 9997
FS-14 Eolian sand 0.06 0.11 1.89 949 0.034 0.011 - 1.54 0.06 - 0.11 - 1.21 - - 99.92
FS-14 No. 50 Eolian sand - - 0.50 979 0.015 0.010 0.005 0.30 0.03 - 0.14 - 1.03 - - 99.92
FS-15 Navajo SS 0.04 0.07 212 939 0.048 0.013 0.004 2.76 0.07 - 0.14 - 0.78 - - 99.94
FS-15 No. 50 Navajo SS - - 0.96 96.6 0.025 0.011 - 1.27 0.04 - 0.12 - 0.87 - - 99.90
FS-16 Carmel Fm. 0.14 1.73 3.96 829 0.082 0.169 0.012 3.40 4.37 0.26 0.13 0.06 2.29 0.02 - 99.53
FS-16 No. 50 Carmel Fm. 0.08 1.35 2.88 88.0 0.051 0.173 0.005 2.19 3.19 0.18 0.11 0.04 1.66 0.03 - 99.93
FS-17 Eolian sand - 0.08 1.49 956 0.020 0.015 - 1.40 0.08 - 0.14 - 1.14 - - 99.97
FS-17 No. 50 Eolian sand - 0.04 0.70 97.7 -~ 0.009 - 0.49 0.05 - 0.11 - 0.88 - - 99.98
FS-18 Thousand P. - 0.14 2.33 942 0.026 - 0.005 2.15 0.10 - 0.17 - 0.80 - - 99.92
FS-18 No. 50 Thousand P. - 0.05 1.08 96.8 - -~ 0.004 0.86 0.05 - 0.15 - 0.97 - - 99.95
FS-19 Thousand P. 0.04 0.36 2.58 93.2 0.020 - 0.008 2.01 0.64 - 0.10 - 0.98 - - 99.94
FS-19 No. 50 Thousand P. - 0.23 1.39 95.7 0.020 - - 1.02 0.40 - 0.15 - 1.04 - - 99.94
FS-20 Eolian sand - 0.13 1.63 952 0.026 - - 1.59 0.05 - 0.14 - 1.12 - - 99.88
FS-20 No. 50 Eolian sand 0.16 0.05 0.64 976 0.013 0.012 0.009 0.43 0.03 -- 0.12 -- 0.89 - - 99.96
FS-21 Eolian sand - 0.13 2.38 93.3 0.015 - 0.005 2.47 0.06 0.15 0.12 - 1.21 - 0.052 99.89
FS-21 No. 60 Eolian sand -- 0.09 1.15 96.4 0.024 0.013 -- 1.00 0.04 -- 0.12 -- 1.12 - - 99.96
FS-22 Entrada SS 0.30 0.57 6.79 851 0.022 0.011 0.009 4.53 0.40 0.29 0.09 - 1.74 - 0.034 99.88
FS-22 No. 50 Entrada SS 0.38 0.66 7.23 83.9 -- 0.015 0.005 5.01 0.39 0.24 0.11 -- 2.00 0.02 - 99.96
FS-23 White Rim/CM -- 0.07 1.26 96.1 0.102 0.064 0.012 0.68 0.34 - 0.14 - 1.05 0.07 - 99.90
FS-23 No. 50 White Rim/CM -- 0.09 0.79 97.1 0.079 0.054 0.007 0.36 0.22 -- 0.14 -- 1.02 0.06 - 9991
FS-24 White Rim/CM -- 0.04 0.70 969 0.026 0.182 0.015 0.55 0.45 - 0.09 - 0.94 - - 99.89
FS-24 No. 50 White Rim/CM -- 0.10 0.35 979 0.019 0.064 0.013 0.17 0.20 -- 0.15 -- 0.96 -- - 99.92
FS-25 White Rim/CM - 0.04 0.49 971 0.086 0.156  0.009 0.30 0.21 - 0.14 - 1.37 0.06 - 99.96
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(continued)

Table 3. XRF semi-quantitative analytical results for frac sand samples.

Geologic Weight percent

Sample No. Unit Na,O MgO Al,O; SiO, P,0O5 SO; Cl K,0 CaO TiO, Cr,0; MnO Fe,0; Sro ZrO, Total
FS-25 No. 50 White Rim/CM - 0.05 0.29 97.8 0.074 0.081 0.004 0.12 0.10 - 0.15 - 1.27 0.05 - 99.98
FS-26 White Rim/CM - 0.05 1.19 957 0.090 0.442 0.007 0.78 0.16 - 0.12 - 1.37 0.05 - 99.96
FS-26 No. 50 White Rim/CM - - 0.67 97.2 0.027 0.218 0.007 0.39 0.11 - 0.16 - 1.15 0.03 - 99.96
FS-27 Sego SS 0.55 0.48 7.23 80.4 0.107 2440 0.011 3.17 3.25 0.32 0.08 0.05 1.87 - - 99.96
FS-27 No. 70 Sego SS 0.38 0.29 4.23 86.5 0.066 1.890 0.014 1.89 2.37 0.17 0.16 - 1.94 - 0.028 99.94
FS-28 Castlegate SS - 1.64 1.32 90.8 0.093 0.044 0.012 0.61 3.78 - 0.14 - 1.41 - 0.045 99.89
FS-28 No. 50 Castlegate SS - 3.44 1.03 83.0 0.098 0.074 0.008 0.44 9.25 - 0.14 0.05 2.36 - 0.040 99.92
FS-29 Castlegate SS - 0.65 1.00 942 0.042 0.042 0.009 0.24 2.09 0.11 0.14 - 1.40 - 0.038 99.95
FS-29 No. 70 Castlegate SS - 0.48 0.81 953 0.045 0.033 0.006 0.18 1.56 - 0.15 - 1.34 - - 9991
FS-30 Dakota SS 1.14 0.28 5.11 899 0.069 0.065 0.008 0.75 0.22 0.44 0.11 - 1.90 - - 99.99
FS-30 No. 50 Dakota SS 0.98 0.13 3.79 923 0.059 0.041 0.007 0.56 0.11 0.23 0.12 - 1.59 - - 99.91
FS-31 Wingate SS 0.10 1.87 6.96 76.7 0.112 0.055 0.020 6.78 4.96 0.51 0.09 - 1.74 0.06 - 99.96
FS-31 No. 50 Wingate SS - 2.33 6.03 739 0.095 0.038 0.029 5.89 8.54 0.44 0.14 0.12 2.31 0.06 - 99.93
FS-32 Navajo SS 0.18 0.28 5.28 86.5 0.035 0.020 0.087 5.81 0.20 0.24 0.09 - 1.18 0.03 - 99.94
FS-32 No. 140  Navajo SS 0.16 0.20 4.35 88.8 0.025 0.019 0.064 4.85 0.10 0.15 0.12 - 1.12 0.03 - 99.98
FS-33 Navajo SS 0.11 0.05 4.45 876 0.039 0.014 0.019 4.88 1.40 0.19 0.09 - 1.10 - 0.032 99.97
FS-33 No. 140  Navajo SS 0.19 0.09 3.79 90.1 0.023 0.008 0.016 3.85 0.70 - 0.12 - 1.05 - - 99.94
FS-34 Eolian sand 0.06 0.27 3.33 90.9 0.027 0.014 0.009 3.35 0.58 - 0.12 - 1.25 - 0.029 99.93
FS-34 No. 140  Eolian sand 0.09 0.31 3.32 91.0 0.021 0.014 0.011 3.34 0.47 0.15 0.10 - 1.15 - - 99.98
FS-35 Navajo SS 0.06 0.19 4.94 86.5 0.055 0.015 0.012 5.00 1.59 0.28 0.09 - 1.15 - 0.046 99.92
FS-35 No. 70 Navajo SS 0.05 0.12 2.93 916 0.027 - 0.013 2.88 0.84 0.18 0.13 - 1.12 - - 99.88
FS-36 Navajo SS - 0.16 4.33 879 0.045 0.021 0.013 4.16 1.95 0.17 0.10 - 1.03 - 0.035 99.91
FS-36 No. 60 Navajo SS 0.04 0.09 2.20 934 0.024 0.014 0.012 2.01 1.15 - 0.08 - 0.88 - - 99.90
FS-37 Eolian sand 0.13 0.45 4.48 86.2 0.068 0.013 0.030 4.20 2.62 - 0.10 0.05 1.53 - 0.068 99.94
FS-37 No. 140  Eolian sand 0.08 0.35 4.39 88.2 0.037 0.015 0.012 3.69 1.50 0.18 0.13 - 1.32 - - 99.90
FS-38 Eolian sand 0.09 0.38 3.79 88.9 0.053 0.016 0.006 3.49 1.36 0.20 0.11 - 1.52 - 0.042 99.96
FS-38 No. 70 Eolian sand 0.05 0.35 2.54 92.3 0.041 -- 0.006 1.96 1.16 0.12 0.13 - 1.26 - - 99.92
FS-39 Navajo SS 0.10 0.19 4.28 89.1 0.039 0.010 0.005 4.60 0.40 0.22 0.11 - 0.84 - 0.031 99.92
FS-39 No. 140  Navajo SS 0.05 0.15 3.71 90.9 0.033 0.011 0.007 3.70 0.20 0.16 0.11 - 0.93 - - 99.96
FS-40 Navajo SS 0.06 0.25 4.85 81.2 0.053 0.029 0.008 4.24 7.60 0.24 0.08 - 1.26 - 0.041 9991
FS-40 No. 140  Navajo SS 0.20 0.18 3.90 86.2 0.032 0.036 0.005 3.45 4.54 0.15 0.11 - 1.08 - - 99.88
FS-41 Ferron SS 0.11 1.25 6.19 83.2 0.366 0.200 0.044 2.46 2.80 0.57 0.11 - 2.58 0.04 - 99.92
FS-43 Wahweap Fm. - - 1.51 97.5 0.022 0.020 0.007 0.11 0.03 - 0.12 - 0.61 - 0.024 99.96
FS-43 No. 50 Wahweap Fm. - - 0.65 98.3 0.016 0.024 0.004 0.07 0.02 - 0.15 - 0.70 - - 99.92
FS-44 Wahweap Fm. - - 1.03 97.6 - 0.011  0.005 0.09 0.08 0.10 0.12 - 0.91 - - 99.94
FS-44 No. 60 Wahweap Fm. - 0.08 0.81 98.0 0.015 0.024 0.005 0.06 0.06 - 0.11 - 0.73 - - 99.90
FS-45 Wahweap Fm. 0.09 0.07 1.89 96.1 - 0.078 0.125 0.16 0.15 0.16 0.10 -- 1.00 - 0.044 99.96
FS-45 No. 60 Wahweap Fm. 0.04 0.05 0.95 97.3 0.019 0.054 0.061 0.09 0.09 - 0.17 - 1.08 - - 99.91
FS-45 No. 70 Wahweap Fm. 0.04 0.04 1.10 974 0.015 0.048 0.053 0.11 0.06 -- 0.14 - 0.95 -- - 99.96
FS-46 Wahweap Fm. 0.09 0.14 3.27 941 0.014 0.160 0.172 0.20 0.21 0.24 0.16 - 1.14 - 0.053 99.95
FS-46 No. 50 Wahweap Fm. 0.07 0.11 2.58 95.2 - 0.189 0.141 0.15 0.25 -- 0.14 -- 1.15 -- - 99.99
FS-47 Navajo SS 0.05 0.14 4.86 925 0.124 0.035 0.046 0.41 0.26 0.21 0.07 -- 1.22 -- - 99.91
FS-47 No. 70 Navajo SS - 0.08 2.20 96.0 0.068 0.014 0.024 0.20 0.13 -- 0.14 - 1.06 -- - 99.90
FS-51 Uinta Fm. 3.23 237 10.00 576 0.250 0.522 0.009 479  10.30 0.89 0.11 0.10 7.96 0.12 - 98.26
FS-51 No. 140  Uinta Fm. 3.17 2.29 9.99 60.5 0.238 0.432 0.010 4.87 8.27 0.72 0.07 0.14 7.80 0.10 - 98.60
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(continued)

Table 3. XRF semi-quantitative analytical results for frac sand samples.

Geologic Weight percent

Sample No. Unit Na,O MgO AlLLO; SiO, P,0O5 SO; Cl K,0 CaO TiO, Cr,0; MnO Fe,0; Sro ZrO, Total
FS-52 Mesaverde - 0.16 2.83 95.0 0.060 0.048 0.014 0.61 0.18 0.25 0.09 -- 0.69 - 0.026 99.96
FS-52 No. 50 Mesaverde -- 0.14 2.29 95.6 0.081 0.061 0.015 0.48 0.17 0.16 0.12 -- 0.78 0.02 - 99.91
FS-53 Eolian sand 0.04 0.12 1.98 957 0.062 0.038 0.013 0.59 0.19 0.19 0.09 - 0.89 - 0.032 99.93
FS-53 No. 60 Eolian sand -- 0.12 1.87 96.3 0.077 0.027 0.007 0.52 0.14 -- 0.09 -- 0.83 -- - 99.97
FS-55 Navajo SS 0.06 0.22 5.18 886 0.026 0.014 0.004 415 0.08 0.28 0.12 - 1.13 - 0.042 99.90
FS-55 No. 140  Navajo SS 0.05 0.15 3.45 921  0.029 -- 0.004 2.83 0.06 0.13 0.10 -- 1.03 -- - 99.93
FS-56 Nugget SS 0.06 0.17 3.03 91.8 0.045 0.009 0.005 2.85 0.83 - 0.15 - 1.03 - - 9997
FS-56 No. 60 Nugget SS 0.04 0.08 1.31 96.0 - 0.011 0.006 1.09 0.44 - 0.13 - 0.79 - - 99.89
FS-57 Nugget SS - 0.14 2.82 88.1 0.039 0.020 0.014 2.54 2.75 0.13 0.12 - 3.21 - - 99.89
FS-57 No. 60 Nugget SS - 0.06 1.38 947 0.020 0.012 0.013 1.07 1.30 - 0.12 - 1.23 - - 99.90
FS-58 Eol/allv sand 0.09 0.18 2.96 91.8 0.043 0.021 0.006 2.93 0.63 0.17 0.11 - 0.98 - 0.028 99.95
FS-58 No. 60 Eol/allv sand 0.08 0.12 1.90 941 0.036 0.018 0.005 1.72 0.78 - 0.15 - 1.02 - - 99.93
FS-59 Nugget SS 0.07 0.21 3.85 91.1  0.054 - 0.012 3.49 0.19 - 0.10 - 0.90 - - 9997
FS-59 No. 70 Nugget SS - 0.11 2.22 944  0.027 -~ 0.006 2.18 0.11 - 0.13 - 0.78 - - 99.96
FS-60 Nugget SS 0.07 0.19 4.54 89.5 0.054 0.019 0.009 3.88 0.12 0.23 0.08 - 1.23 - 0.025 99.95
FS-60 No. 60 Nugget SS - 0.10 2.02 949 0.034 0.013 0.007 1.58 0.05 - 0.12 - 1.07 - - 99.90
Notes:

For each analytical run, we ran a known standard of relatively pure sand (97.8 Si0,), and our semi-quantitative analyses consistently returned lower SiO, contents
(typically 0.8 to 1.1%) than the actual certified value. The semi-quantitative results also consistently overestimated impurities such as AlLO;, Fe,0O5, CaO, and K,0O
in the standard.
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Table 4 . Sieve results from frac sand samples.

Weight Percent of Material Retained on Sieve No.

Sample No. Geologic Unit 8 12 16 18 20 30 40 50 60 70 140 Pan
FS-1 Eolian sand 0 0 0 0 0 0 0 0.1 0.3 0.9 84.3 14.5
FS-2 Eolian sand 0 0 0 0 0 0 0 0 0 0.3 89.4 10.3
FS-4 Eolian sand 0 0 0 0 0 0.9 141 23.1 9.4 8.2 39.3 5.0
FS-5 Eolian sand 0 0 0 0 0 0 1.3 14.0 10.5 9.4 54.6 10.2
FS-6 Navajo Sandstone 0 0 0 0 0 15 3.1 17.3 10.0 8.4 51.0 8.9
FS-7 Eolian sand 0 0 0 0 0 0 1.7 34.9 15.6 11.2 33.8 2.7
FS-8 White Throne Mbr. 0 0 0 0 0 0 11.4 45.9 15.2 7.7 15.9 3.9
FS-9 White Throne Mbr. 0 0 0 0 0 0 2.7 42.3 17.5 13.0 22.6 1.8
FS-10 White Throne Mbr. 0 0 0 0 0 0 4.5 31.0 23.8 16.7 22.9 1.1
FS-11 White Throne Mbr. 0 0 0 0 0 +4 8.7 42.5 14.7 12.2 18.2 2.5
FS-12 Navajo Sandstone 0 0 0 0 0 0 0.4 3.2 8.5 114 65.2 114
FS-13 Navajo Sandstone 0 0 0 0 0 0 0.9 17.2 18.1 11.3 39.7 12.7
FS-14 Eolian sand 0 0 0 0 0 0 1.9 23.0 15.6 11.9 40.6 7.0
FS-15 Navajo Sandstone 0 0 0 0 0 0.8 10.6 16.7 9.8 8.0 46.0 8.1
FS-16 Carmel Fm. 0 0 9.9 4.7 37 6.5 54 11.4 8.9 7.8 35.0 6.9
FS-17 Eolian sand 0 0 0 0 0 0 3.1 40.6 171 10.2 25.7 3.5
FS-18 Thousand Pockets 0 0 0 0 0 0 6.8 21.8 12.5 11.3 447 3.0
FS-19 Thousand Pockets 0 0 0 0 0 2-0 2.1 24 .4 14.8 14.6 354 6.7
FS-20 Eolian sand 0 0 0 0 0 0 3.3 32.2 16.3 10.0 33.5 4.8
FS-21 Eolian sand 0 0 0 0 0 0 0 4.0 16.0 15.4 58.1 6.4
FS-22 Entrada Sandstone 0 0 0 0 0 0 4.2 51 3.0 3.9 67.8 16.1
FS-23 White Rim/Cedar Mesa 0 0 0 0 0 1.8 19.9 29.3 15.5 10.9 20.9 1.6
FS-24 White Rim/Cedar Mesa 0 0 0 0 0 0.3 17.2 29.2 13.6 10.6 25.7 3.3
FS-25 White Rim/Cedar Mesa 0 0 0 0 0 1.0 16.9 33.5 15.0 10.6 21.2 1.8
FS-26 White Rim/Cedar Mesa 0 0 0 0 0 23 5.9 19.2 16.1 141 38.3 4.1
FS-27 Sego Sandstone 0 0 0 0 0 0 78 8.2 7.0 9.6 57.6 9.7
FS-28 Castlegate Sandstone 0 0 0 0 0 15 27 4.0 28 3.5 71.9 13.4
FS-29 Castlegate Sandstone 0 0 0 0 0 0 2-6 55 7.9 115 69.0 3.5
FS-30 Dakota Sandstone 0 0 0 0 0 4.0 8.9 35.9 23.8 11.3 13.3 2.8
FS-31 Wingate Sandstone 0 0 0 0 0 5.2 37 5.0 33 3.2 50.0 29.6
FS-32 Navajo Sandstone 0 0 0 0 0 24 13 1.8 24 3.2 68.7 20.7
FS-33 Navajo Sandstone 0 0 0 0 0 0 23 3.2 27 3.6 78.6 9.6
FS-34 Eolian sand 0 0 0 0 0 0 0 0.2 1.0 3.2 85.7 9.9
FS-35 Navajo Sandstone 0 0 0 0 0 0 33 37 4.2 5.9 65.0 17.9
FS-36 Navajo Sandstone 0 0 0 0 0 0 25 8.4 124 11.1 47.3 18.4
FS-37 Eolian sand 0 0 0 0 0 0 0 1.3 3.3 6.2 70.1 19.1
FS-38 Eolian sand 0 0 0 0 0 0 0 0.9 4.4 9.0 69.8 15.8
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(continued)

Table 4. Sieve results from frac sand samples.

Weight Percent of Material Retained on Sieve No.

Sample No. Geologic Unit 8 12 16 18 20 30 40 50 60 70 140 Pan
FS-39 Navajo Sandstone 0 0 0 0 0 0 12 1.6 2.1 3.6 78.6 12.9
FS-40 Navajo Sandstone 0 0 0 0 0 0 2.8 5.0 4.5 4.1 66.2 17.4
FS-41 Ferron Sandstone 0 0 0 0 0 0 9.3 59 6.6 33 16.2 58.7
FS-43 Wahweap Fm. 0 0 0 0 0 o 4.2 255 20.3 13.6 30.6 5.1
FS-44 Wahweap Fm. 0 0 0 0 0 o 1.1 13.9 16.0 15.9 49.0 3.8
FS-45 Wahweap Fm. 0 0 0 0 0 o 1.5 8.6 10.8 12.4 54.5 11.2
FS-46 Wahweap Fm. 0 0 0 0 0 20 28 9.5 9.4 9.5 50.2 16.7
FS-47 Navajo Sandstone 0 0 0 0 0 0 2.4 54 9.0 11.0 59.3 12.9
FS-51 Uinta Fm. 0 0 0 0 0 + 140 18.5 13.1 9.5 25.8 11.4
FS-52 Mesaverde Group 0 0 0 0 0 4 6.1 28.7 16.9 8.8 27.3 10.8
FS-53 Eolian sand 0 0 0 0 0 0.1 11 13.5 19.4 15.7 45.3 5.0
FS-55 Navajo Sandstone 0 0 0 0 0 0 3.5 2.4 1.9 2.8 63.3 26.0
FS-56 Nugget Sandstone 0 0 0 0 0 0 0.4 11.3 19.9 16.0 42.0 104
FS-57 Nugget Sandstone 2.7 12 0.6 02 0.5 1.4 2.2 10.3 19.6 14.8 36.3 10.3
FS-58 Eolian/alluvial sand 0 0 0 0 0 0 0 5.8 13.9 15.8 58.3 6.2
FS-59 Nugget Sandstone 0 0 0 0 0 0 0.5 1.6 7.8 18.0 63.4 8.7
FS-60 Nugget Sandstone 0 0 0 0 0 0 1.3 5.5 9.8 11.8 53.9 17.7
Notes:

Strikethreugh indicates that approximately 50% or more of the material retained in the sieve designation are aggregated grains, thus the reported
percentage is unrepresentative.
Italics indicates that approximately 10 to 50% of the material retained are aggregated grains.
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Figure 6 . Histograms showing size distribution of grains of frac sand samples from selected geologic units with multiple samples.
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material retained on the no. 30 sieve.
However, the 30/50, 40/60, or 40/70 frac
sand designations could potentially be
produced from a number of units given our
sieve results. Also, plenty of the less
desirable 70/140 material could be produced.
As noted in table 4, we observed the
presence of aggregated grains (grains that did
not disaggregate during sample preparation)
in a number of size fractions, which skews
the results to some degree. Table 4 reports
which sieve samples contained a significant
percentage of aggregate grains, so those can
be taken into account when reviewing the
results. Photomicrographs from appendix B
also illustrate, to some degree, aggregated
grain content. Generally, aggregated grains
are in samples from consolidated rock units,
although a few unconsolidated Quaternary
units also contained a notable portion of
aggregated grains (FS-34, 37, 38, and 58).

Sphericity and Roundness

Table 5 presents sphericity and roundness
results of selected size fractions from a
number of samples. All the evaluated samples
met the minimum recommended sphericity of
0.6 from the Krumbein/Sloss chart; however,
many samples did not meet the minimum
recommended roundness of 0.6. Samples
from the following geologic units met both
requirements: White Rim/Cedar Mesa
Sandstones, Nugget Sandstone, Navajo
Sandstone, White Throne Member of the
Temple Cap Formation, Thousand Pockets
Tongue of the Page Sandstone, Carmel
Formation, capping sandstone of the
Wahweap Formation, and eolian sand.
Variability exists within these units; for
instance, only one sample from the White
Rim/Cedar Mesa samples met the 0.6
roundness recommendation—most samples
from that unit had a roundness of 0.5. Table 5
also reports the standard deviation about the
mean to show variability of sphericity and
roundness within the size fractions selected
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for evaluation. On average, the standard
deviation for roundness is higher than that for
sphericity.

Because only selected size fractions were
evaluated for sphericity and roundness, the
reported results should not be considered
representative of the entire sample. Generally
speaking, the smaller size fractions are more
angular than larger size fractions.
Photomicrographs of grains from various size
fractions from appendix B show this
observation. As previously noted, aggregated
grains were not evaluated for roundness and
sphericity.

Friability

Friability was quite variable among the
samples we collected, and was also
commonly variable within a single sampled
section. A qualitative estimate of friability for
each frac sand sample is presented in table 2.
Some of the more consistently friable units
we sampled are the Navajo Sandstone in
southwestern Utah and the White Throne
Member of the Temple Cap Formation.

Most of the samples we collected were
from weathered outcrop, which may be
unrepresentative of fresh exposures of rock
that would be encountered during mining. We
collected one sample of Navajo Sandstone at
a relatively fresh road cut (FS-32). The
Navajo Sandstone at this location was
generally more competent than most, if not
all, of the other Navajo Sandstone that we
sampled. This sample required additional
effort to disaggregate prior to sieving. This
observation suggests that additional sampling
and characterization of fresh rock from the
rock units with the best potential is needed to
determine ultimate suitability.

Table 4 shows that a number of samples
did not disaggregate completely during
sample preparation. Large amounts of
aggregated grains observed in a sample are a
potential indication of less friable rock.



Table 5. Sphericity and roundness of frac sand samples. Red indicates values below the acceptable

limit.
Standard Deviation Standard Deviation

Sample Geological Unit Sphericity Sphericity Roundness Roundness
FS-1 No. 140 Eolian sand 0.6 0.17 0.3 0.14
FS-2 No. 140 Eolian sand 0.6 0.18 0.3 0.24
FS-4 No. 50 Eolian sand 0.7 0.09 0.8 0.12
FS-5 No. 50 Eolian sand 0.7 0.16 0.7 0.19
FS-6 No. 50 Navajo Sandstone 0.7 0.19 0.7 0.14
FS-7 No. 50 Eolian sand 0.7 0.15 0.6 0.19
FS-8 No. 50 White Throne Mbr. 0.6 0.16 0.6 0.16
FS-9 No. 50 White Throne Mbr. 0.7 0.16 0.6 0.21
FS-10 No. 50 White Throne Mbr. 0.7 0.11 0.8 0.10
FS-11 No. 50 White Throne Mbr. 0.7 0.15 0.7 0.16
FS-12 No. 70 Navajo Sandstone 0.7 0.16 0.5 0.10
FS-13 No. 60 Navajo Sandstone 0.7 0.11 0.6 0.19
FS-14 No. 50 Eolian sand 0.7 0.12 0.7 0.13
FS-15 No. 50 Navajo Sandstone 0.8 0.10 0.7 0.16
FS-16 No. 50 Carmel Fm. 0.7 0.16 0.7 0.14
FS-17 No. 50 Eolian sand 0.7 0.16 0.6 0.13
FS-18 No. 50 Thousand Pockets 0.7 0.14 0.7 0.18
FS-19 No. 50 Thousand Pockets 0.7 0.12 0.7 0.15
FS-20 No. 50 Eolian sand 0.7 0.18 0.7 0.16
FS-21 No. 60 Eolian sand 0.7 0.11 0.5 0.18
FS-23 No. 50 White Rim/Cedar Mesa 0.8 0.09 0.5 0.15
FS-24 No. 50 White Rim/Cedar Mesa 0.7 0.13 0.5 0.20
FS-25 No. 50 White Rim/Cedar Mesa 0.7 0.13 0.5 0.19
FS-26 No. 50 White Rim/Cedar Mesa 0.8 0.12 0.6 0.20
FS-27 No. 70 Sego Sandstone 0.7 0.14 0.3 0.17
FS-29 No. 70 Castlegate Sandstone 0.7 0.13 0.3 0.18
FS-30 No. 50 Dakota Sandstone 0.6 0.15 0.4 0.20
FS-31 No. 140  Wingate Sandstone 0.6 0.17 0.4 0.17
FS-32 No. 140  Navajo Sandstone 0.7 0.16 0.5 0.16
FS-33 No. 140  Navajo Sandstone 0.7 0.14 0.4 0.15
FS-34 No. 140  Eolian sand 0.7 0.17 0.4 0.16
FS-35 No. 70 Navajo Sandstone 0.6 0.19 0.5 0.14
FS-36 No. 60 Navajo Sandstone 0.7 0.12 0.6 0.13
FS-37 No. 140  Eolian sand 0.6 0.17 0.5 0.18
FS-38 No. 70 Eolian sand 0.6 0.14 0.4 0.21
FS-39 No. 140  Navajo Sandstone 0.6 0.15 0.4 0.20
FS-40 No. 140  Navajo Sandstone 0.7 0.10 0.4 0.17
FS-43 No. 50 Wahweap Fm. 0.7 0.11 0.6 0.19
FS-44 No. 60 Wahweap Fm. 0.7 0.10 0.5 0.16
FS-45 No. 60 Wahweap Fm. 0.7 0.09 0.5 0.25
FS-45 No. 70 Wahweap Fm. 0.7 0.11 0.4 0.17
FS-46 No. 50 Wahweap Fm. 0.8 0.09 0.6 0.24
FS-47 No. 70 Navajo Sandstone 0.6 0.13 0.5 0.18
FS-52 No. 50 Mesaverde Group 0.6 0.14 0.2 0.11
FS-53 No. 60 Eolian sand 0.7 0.13 0.2 0.11
FS-56 No. 60 Nugget Sandstone 0.7 0.13 0.6 0.14
FS-57 No. 60 Nugget Sandstone 0.7 0.14 0.6 0.14
FS-58 No. 60 Eolian/alluvial sand 0.7 0.17 0.6 0.17
FS-59 No. 70 Nugget Sandstone 0.6 0.12 0.5 0.15
FS-60 No. 60 Nugget Sandstone 0.7 0.16 0.6 0.19
Note:

Aggregated grains were not considered during evaluation of sphericity and roundness.
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CONCLUSIONS

Results from the tests performed on the
frac sand samples are summarized in table 6
with an assigned rating of overall frac sand
suitability for each sample (see also plate 1).
Three geologic units stand out as having the
highest potential based on our testing results:
White Rim/Cedar Mesa Sandstones, White
Throne Member of the Temple Cap
Formation, and some eolian sand deposits.
One sample of the Navajo Sandstone (out of
13) also received a “high suitability” rating;
however, this sample (FS-15) may be from
the Lamb Point Tongue of the Navajo
Sandstone in western Kane County. The
samples from the White Rim/Cedar Mesa
Sandstones showed the highest suitability for
a 30/50 sized proppant. However, most of
these samples were slightly low in roundness
(table 5), and friability was variable where
we sampled it. We sampled the White Rim/
Cedar Mesa Sandstones in the San Rafael
Swell where the two sandstone units are
undifferentiated in available geologic
mapping. Figure 7 shows where the unit
crops out and where SITLA surface or
mineral rights are coincident with the unit.

We sampled the White Throne Member
of the Temple Cap Formation in eastern Kane
County where it is exposed in a number of
SITLA properties (figure 8). The
characteristics of the White Throne Member
suggest that it may be a good candidate for
frac sand usage, but for most samples, it had
a low amount of material retained on the no.
40 sieve, suggesting that it might be better
suited for a 40/70 proppant product. Some of
the most promising results for a 40/70
product were from unconsolidated eolian
sands in southwestern Utah. Five samples
from Washington and Kane Counties
received a “high suitability” rating, and one
sample had a significant fraction of material
retained on the no. 40 sieve. The eolian sands
have the obvious benefit of being
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unconsolidated and are widespread in
southwestern Utah. Figures 8, 9, and 10 show
a number of areas where the eolian units
coincide with SITLA property. Additional
sampling and characterization of the eolian
units would help delineate the best and
largest deposits.

Figure 11 shows the Nugget’s distribution
in the area around Vernal. Although not
having the highest potential, the Nugget
Sandstone may deserve additional
investigation due to its proximity to the oil
and gas-producing Uinta Basin. In some of
the areas in the Uinta Basin where we
sampled it, the Nugget Sandstone was quite
friable and some samples had a reasonable
amount of material retained on the no. 50
sieve. The size fractions of Nugget we
analyzed all showed above 94% SiO,, and
one sample showed 96% SiO,. Given the
high percentage that transportation
contributes to overall frac sand cost, a local
source would be very beneficial from a cost
perspective.

The Navajo Sandstone is another unit of
interest; however, the SiO,content of the
Navajo was consistently lower than the other
high-potential units. Also, the best Navajo
Sandstone was in southwest Utah as the
Navajo in southeast Utah was generally too
fine grained. Based on results from sample
FS-15, the Lamb Point Tongue of the Navajo

Sandstone may deserve additional
investigation (figure 8). Lenses of the
capping sandstone of the Wahweap

Formation may be suitable for frac sand, but
significantly more detailed characterization
of the unit would likely be required to find
the best areas.

Of the highest potential units, the White
Rim/Cedar Mesa Sandstone is closest to rail
(plate 1), but also has the disadvantage of
being in a popular recreational area. The
White Throne Member and eolian sands in
southwest Utah we examined are not close to
rail, but are close to good access roads.



Table 6 . Summary of frac sand sample suitability.

High Suitability Medium Suitability Low Suitability
1 2 3
Criteria:
Chemistry’ >97% SiO, 95-97% SiO, <95% SiO,
30/50 >10% retained on no. 40 5-10% retained on no. 40 <5% retained on no. 40
40/70 >15% retained on no. 50 10-15% retained on no. 50 <10% retained on no. 50
Roundness® 0.6 or higher 0.5 0.4 or lower
Friability Very friable or unconsolidated Moderately friable Slightly or not friable
Overall
Sample No. Chemistry 30/50 40/70 Roundness Friability Suitability® Geologic Unit
FS-4 1 1 1 1 1 1 Eolian sand
FS-7 1 & 1 1 1 1 Eolian sand
FS-14 1 & 1 1 1 1 Eolian sand
FS-17 1 & 1 1 1 1 Eolian sand
FS-20 1 & 1 1 1 1 Eolian sand
FS-15 2 1 1 1 1 1 Navajo Sandstone
FS-23 1 1 1 2 2 1 White Rim/Cedar Mesa
FS-24 1 1 1 2 2 1 White Rim/Cedar Mesa
FS-25 1 1 1 2 2 1 White Rim/Cedar Mesa
FS-8 1 1 1 1 1 1 White Throne Mbr.
FS-9 1 3 1 1 1 1 White Throne Mbr.
FS-10 1 3 1 1 1 1 White Throne Mbr.
FS-11 1 2 1 1 1 1 White Throne Mbr.
FS-5 1 3 2 1 1 2 Eolian sand
FS-6 2 3 1 1 1 2 Navajo Sandstone
FS-13 2 3 1 1 1 2 Navajo Sandstone
FS-56 2 3 2(?) 1 1 2 Nugget Sandstone
FS-18 2 3 1 1 1 2 Thousand Pockets
FS-19 2 3 1 1 1 2 Thousand Pockets
FS-43 1 3 1 1 2 2 Wahweap Fm.
FS-44 1 3 2 2 2 2 Wahweap Fm.
FS-26 1 3 1 1 2 2 White Rim/Cedar Mesa
FS-16 3 3 2 1 2 3 Carmel Fm.
FS-28 3 3 3 -- 2 3 Castlegate Sandstone
FS-29 2 3 3 3 2 8 Castlegate Sandstone
FS-30 3 3 1 3 2 8 Dakota Sandstone
FS-50 -- - -- -- 3 3 Diamond Creek Sandstone
FS-54 -- -- -- -- 3 3 Diamond Creek Sandstone
FS-22 3 3 3 -- 2 3 Entrada Sandstone
FS-1 3 3 3 3 1 8 Eolian sand
FS-2 3 3 3 3 1 S Eolian sand
FS-21 2 3 3 2 1 8 Eolian sand
FS-34 3 3 3 3 1 8 Eolian sand
FS-37 3 3 3 2 1 3 Eolian sand
FS-38 3 3 3 3 1 3 Eolian sand
FS-53 2 3 2 3 1 S Eolian sand
FS-58 3 3 3 1 1 3 Eolian/alluvial Sand
FS-41 3 3 3 -- 3 3 Ferron Sandstone
FS-52 2 2 1 3 1 3 Mesaverde Group
FS-12 2 3 3 2 1 3 Navajo Sandstone
FS-32 3 3 3 2 3 3 Navajo Sandstone
FS-33 3 3 3 3 1 3 Navajo Sandstone
FS-35 3 3 3 2 2 S Navajo Sandstone
FS-36 3 3 3 1 2 8 Navajo Sandstone
FS-39 3 3 3 3 2 S Navajo Sandstone
FS-40 3 3 3 3 3 3 Navajo Sandstone
FS-47 2 3 3 2 3 3 Navajo Sandstone
FS-49 -- - -- -- 3 3 Navajo Sandstone
FS-55 3 3 3 -- 2 3 Navajo Sandstone
FS-57 3 3 3 1 2 3 Nugget Sandstone
FS-59 3 3 3 1 3 Nugget Sandstone
FS-60 3 3 3 1 2 3 Nugget Sandstone
FS-3 - -- - - 3 3 Queantoweap Sandstone

23




































































































































































































































	Frac Sand Final Report OFR.pdf
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page




