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Introduction

The Kansas Geological Survey (KGS) was first contacted by Mr. Dean F. Kruse (deceased)
of the Calvert Corporation in October of 2010 about a possible role for the KGS in helping
address exploration issues associated with the Calvert volcanic ash mine located in Norton
County, Kansas. The primary concerns for the Calvert Corporation are the variable subsurface
thickness of the volcanic ash bed and the increasing thickness and removal costs of overburden in
the westward path of current mining operations. To assist the Calvert Corporation with
addressing this problem, the KGS was granted permission to drill a long, continuous core from
the area of the ash mine by quarry operator Mr. Edward Fowler. In addition, the KGS also agreed

to review the results of previous subsurface investigations as provided by Mr. Fowler.

Background

Following an initial visit by KGS geologists in 2011, a report was issued detailing direct
observations of the Calvert Quarry and briefly summarized published research on the Calvert ash
deposit (Smith and Ludvigson, 2011). Volcanic ash has been commercially mined in the vicinity
of the active quarry (NW SW sec. 25, T. 2 S., R. 22 W) almost continuously since 1908 (Frye and
Leonard, 1949). The ash is mined by open-pit method, screened in the pit, and transported by rail
from Calvert, KS. Recent geochronological analyses of zircons collected from the quarry report a
U-Pb age of ~11.7 Ma, suggesting the ash was likely derived from the Bruneau-Jarbidge
Volcanic Field (12.7-10.5 Ma) of the Snake River volcanic province in southern Idaho (Smith et
al., 2017).

Lenses of ash up to 17 ft. (~5 m) thick have been excavated from the Calvert mine in the past
(Carey et al., 1952), though during the initial KGS site visit, the exposed layer in the active pit
face appeared to be less than 5 ft. (1.5 m) thick. Smith and Ludvigson (2011) estimated that there

was ~65 ft. (20 m) of overburden at its thickest point west of the current mine face. The



overburden consists primarily of interbedded clayey silt and fine- to medium-grained calcareous

sand with multiple caliche layers at the top of the section.

Previous Investigations

Mr. Fowler provided the KGS with reports from two subsurface investigations conducted in
the vicinity of the ash mine by private contractors. The earliest of these dates to December of
1982 and reports the thickness of overburden and ash, presumably from cuttings, in 30 boreholes
throughout the property (Appendix A). The second investigation in July of 2010 drilled 7
boreholes immediately west of the current ash mine face and includes relatively detailed driller’s
logs noting generalized lithology and thickness of ash where encountered (Appendix A). Both of
the previous investigations, in addition to the KGS core, were used to compile the ash bed and
overburden thickness isopach maps and estimates of ash volume remaining that are included in

this report.

Methods

Lithologic description of the core noted color, bedding features, mineralogy, and pedological
and biological features such as nodules, fossil roots and burrows. Quantitative particle-size
analyses of the cores at approximately 1 ft. intervals were conducted at the KGS Geoarchaeology
and Paleo-environmental Research Laboratory using the standard pipette method (Soil Survey
Staff, 1982) based on the Stokes Law of gravitational settling rates to determine texture on
particle sizes less than 2000 um; 2000—63 pum (total sand), 63—2 um (total silt), and < 2 pum (total
clay). Isopach contour maps and ash bed volume estimates were completed using the 3D Analyst
Tools in ArcMap 10.2.2 for Desktop (ESRI, 2014).

KGS Core

In September of 2014, the KGS collected a 2.5-inch-diameter core, CQ-1, from the highest
topographic position just west of the active quarry face. Approximately 99 ft. of core was
retrieved with an approximately 70% rate of recovery (Fig. 1). In general, the lithologic
characteristics of the CQ-1 core match well with driller logs from nearby boreholes in the 2010
subsurface investigation. Our more detailed logging indicates that the CQ-1 core can be divided
into six sections based on stratigraphic differences in lithology and vertical trends in grain-size.
Section 1, from 0 to 11 feet deep, is composed predominantly of silt and clay, likely representing
upland wind-blown sediments of the late Quaternary loess-paleosol sequence in Kansas. Section
2, from 11 to 30 feet, is composed chiefly of carbonate cemented fine- to medium-grained sand,



with several 1- to 2-foot-thick layers of caliche dispersed throughout. Section 3, from 30 to 51
feet, is composed mostly of fine-sandy silt and clay that fines to predominantly clay at the base of
this interval. Section 4, from 51 feet to approximately 66 feet, is dominantly carbonate cemented,
fine- to medium-grained sand with some intervals of carbonate nodules in the upper portions of
the section. Section 5, from approximately 66 to 82 feet, is volcanic ash. The ash contains such
sedimentary structures as ripples and crossbedding, numerous small (1-2 inch diameter) to large
(3-10 inch diameter) carbonate nodules, and burrows and plant root fossils preserved in fibrous
carbonate. Section 6, from 82 feet to 99 feet, is composed of sandy silt and clay that coarsens to
mostly carbonate cemented fine- to medium-grained sand with a 1- to 2-foot-thick caliche

interval at approximately 90 feet deep.

Isopach Maps

The isopach maps (thickness maps) are based on the detailed logging of the CQ-1 core, in
addition to the driller’s logs of the previous 1982 and 2011 subsurface investigations provided to
the KGS by Mr. Fowler. The reference point map (Fig. 2) details the position of all the driller’s
logs used to construct the isopach maps, along with reference numbers given in the older reports.
It should be noted that although some of the borehole locations from the 1982 investigation (1, 2,
6, 7, and 20 for example, Fig. 2) have been quarried in the intervening 37 years, the overburden
and ash bed thickness data from these logs were still used to construct the isopach maps.

Overburden Thickness

The locations of boreholes and the reported thicknesses of overburden ash bed in driller’s
logs are shown in Figure 3. These were used to construct the overburden thickness isopach map
shown in Figure 4. The isopach map suggests that overburden thickness increases rapidly west of
the active quarry face to approximately 66.5-feet-thick at the location of the CQ-1 core.
Overburden is thinner south of the active quarry and south of the abandoned quarry to the east.
Ash Bed Thickness

The borehole locations and ash bed thicknesses (if encountered) in previous subsurface

investigations are shown in Figure 5. These reference points were used to construct the ash bed
thickness isopach map shown in Figure 6. In general, the isopach map suggests that the
subsurface thickness of the ash increases to just over 15 feet to the west of the active quarry face.
A similarly thick, though possibly smaller volume, ash deposit is suggested south of the inactive

quarry to the east.



Ash Bed Volume Estimate
Using the ash bed thickness data in Figure 5 and the 3D Analyst Tools in ArcMap 10.2.2

(ESRI, 2014), we interpolated the thickness of the ash bed between reference points and
calculated an estimated volume of ash remaining in the quarry area (Fig. 7). Our calculations
suggest that approximately 126 million cubic feet (ft) or 4.7 million cubic yards (yd®) of ash
remains in the subsurface. Assuming the bulk density of Calvert Ash is similar to the 150 Ibs/ft?
or 2 tons/yd® reported as an average for volcanic glass (Wilson et al., 2012), we estimate that

approximately 9.5 million US tons of volcanic ash remain buried in the subsurface.

Acknowledgements

The authors acknowledge and are grateful for support from the National Science Foundation
Grant EAR-1023285. Special thanks to Dean F. Kruse and Ed Fowler for granting access to
Calvert Quarry and the generous use of their time. We also thank Greg Ludvigson, Laura
Murphy, Bridget Sanderson, Julie Tollefson, and the staffs of the KGS Exploration Services and

KGS Geoarchaeology and Paleoenvironment Laboratory.

Disclaimer

The Kansas Geological Survey does not guarantee this document to be free from errors or
inaccuracies and disclaims any responsibility or liability for interpretations based on data used in
the production of this document or decisions based thereon. The views and conclusions contained
in this document are those of the author and should not be interpreted as representing the opinions

or policies of the Kansas Geological Survey.

References

Carey, J. S., Frye, J. C., Plummer, N. and Swineford, A., 1952, Kansas Volcanic Ash Resources.
Kansas Geological Survey, Bulletin 96, Part 1, 1-68, http://www.kgs.ku.edu/Publication /
Bulletins/96/index.html.

ESRI, 2014. ArcGIS for Desktop: Version 10.2.2. Redlands, CA: Environmental Systems
Research Institute.

Frye, J. C., and Leonard, A. R., 1949, Geology and Ground-water Resources of Norton County
and Northwestern Phillips County, Kansas. Kansas Geological Survey, Bulletin 81, 1-144,
http://www.kgs.ku.edu/General/Geology/Norton/index.html.

Hallman, J.A., 2016, Spatial and temporal patterns of Ogallala Formation deposition revealed by



U-Pb zircon geochronology [M.S. thesis]: Lawrence, Kansas, University of Kansas, 94 p.
Smith J.J., and Ludvigson, G.A., 2011, A Report to the Calvert Corporation on a Geologic
Inspection of the Calvert VVolcanic Ash Mine on February 23, 2011. Kansas Geological
Survey, Open-file Report no. 2014-3, 6 pages, http://www.kgs.ku.edu/Publications
/OFR/2014/OFR14_3/index.html.
Smith, J. J., Ludvigson, G. A., Layzell, A., Méller, A., Harlow, R. H., Turner, E., Platt, B., and
Petronis, M., 2017, Discovery of Paleogene Deposits of the Central High Plains Aquifer In
the Western Great Plains, U.S.A: Journal of Sedimentary Research, v. 87, no. 8, p. 880-896.
Soil Survey Staff, 1982, Procedure for collecting soil samples and methods of analysis for soil
survey. Soil Survey Investigations Report 1. United States Department of Agriculture-Soil
Conservation Service, Washington, DC., 74 p.
Wilson, T.M., Stewart, C., Sword-Daniels, V., Leonard, G.S., Johnston, D.M., Cole, J.W.,
Wardman,J., Wilson, G., Barnard, S.T., 2012, Volcanic ash impacts on critical infrastructure,
Phys Chem Earth, 45-46, 5-23.



A Report on the Thickness of Volcanic Ash and Overburden at the Calvert Volcanic Ash Mine

Figures g ; ;
g cQ-1 Core % Particle Size

Feet

A T AN Ad TAY TAS AL FAY T AN T AL T AL 2
£y

Jrac vz vag section 5 VAL Tl VAt Tal VAl TaL VaL vad

L 7 L 7 L 7 L 7 L 7 L 7 L 7 L 7 L 7 L 7 k4

TO— cva Lva L Y ATLVA LVYA LA LA LA Lva Liva L

43 T A3 T AN AL PAD T AL T AD T AT AP AP aa

Jrae vas vay T AL VAL VAL AL VAL VAL Tan vz

PR S R TR TS T I S A T

L S T AL A T AT AT YA T ATl A T AT

Jamoan s ash bed P S ey e S S e e

75— T 1T AL T Y AT AL T AL T ALy ashr-‘g}r—‘gkr-‘ghr—m
L 7 L 7 L 7 L 7 L 7 - 7 - 7 ~ 7 L 7 o 7

T Lva Lva L AL VAT LY AT L VAT VAL VAT LA T L VAT Y

B R AD T A T AN TAD T AN TAN T AN T AN

draz, v vay TAL, YAL VAl VAL, VAL, Yae, TaL, ©ag
PR S ) A S S T S T S A S R g

T oevA Lva LM ATLVA LA TLVA LA LA Lva T va LY

80— At 7 a2 Ad TAS T AL PAL DAY AN T AN P AN

dVv AL, TaL, ¥y AL, VAL VAL VAL VAL T L Tacr Uay

2 3 b le 890 pememenall 3 e s e v ct diee o p wa e

100 Lo
[oavsr  [Paldies® e
sand % calcrete unrecovered

Figure 1. Drafted section and particle size analysis of CQ-1 core
from Calvert Quarry, KS
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Figure 2. Location of CQ-1 (red) and all boreholes referenced in the 1982 and 2010 subsurface
investigations (Appendix A) around Calvert Quarry from which the isopach maps were
derived. Heavy black line represents the quarry face; areas north of this line have been
mined.
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Figure 3. Locations of boreholes noting reported thicknesses of overburden above the ash bed
used to construct Figure 4. Heavy black line represents the quarry face; areas north of this
line have been mined.
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Figure 4. Subsurface isopach map with 10-foot-contour intervals estimating thicknesses of
overburden above the ash bed, generally west and south of the quarry face.
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Figure 5. Locations of boreholes noting reported ash thicknesses used to construct Figure 6.
Heavy black line represents the quarry face; areas north of this line have been mined.
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Figure 6. Subsurface isopach map with 5-foot-contour intervals estimating ash bed
thicknesses, generally west and south of the quarry face.
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Figure 7. Interpolated ash bed thickness map, bluer areas indicate reported thickening of the
ash, while redder areas indicate thinning, no color indicates no ash reported or already mined.
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Appendix A: Previous Investigations
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BOULDERS OR OBSTRUCTIONS:
At To
At To
ARTESIAN PRESSURE:
Depth
Height of Soil Rise
In Casing
ABBREVIATIONS

AB—After Boring
ACR—After Casing Removal
AS—Auger Sample
BCR—Before Casing Removal
DB—Diamond Bit

DCI—Dry Cave In
HA—Hand Auger
HS—Hollow Stem Auger
PA—Power Auger

SS—Split Spoon Sampler
ST—Thin Walled Sampler
RB—Rock Bit

WB—Wash Boring
WCI|—Wet Cave In
WD—While Drilling
WL—Water Level

WS —While Sampling

Poemaces
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) DRILL CREW CHECK LIST
LOG OF BOR'NG No. 5 Job No. C&\IGVL KS Client WATER LEVEL OBSERVATIONS
ENGINEER ____  SURFACE ELEV. Sheet of WL: WS OR WD
ORILLER L. Hogewanv\ _  BORING STARTED _7-47 2010 1'0Scm _  weATHER Il Joo® wL: BCR ACR
HELPER BORING COMPLETED -27- Zol ST SIZE _ ___ SSSIZE WL: AB Hr. AB
RIGNO. CMETS  sTaTion CASING USED SIZE WL: 24 Hr. AB
OFFSET HSA USED o' Flubt  size TOPSOIL THICKNESS
FILL THICKNESS
Depth or
Elevation PENETRATION RECORD R ap CAVE IN LEVEL:
Split Spoon Blows While Drilling and
o | B Sampling
g ?3 6" 6" 6" 6" gg% ga‘i» After Boring
2 =8 §8¢< |2 Completion
§ 2 2 Feet o 2= |E Aond Dvy &ﬂure
5| & e |52 & WATER LOSS:
Sample Description At To
0|5 |4 over borden - il Clay Ivy e
o
S 10 | AS overbovel - s ”7 (_h-y '4 Samc mesir e Percent Loss
‘1 10] 15 |45 ovejmﬂanv S Hy Sc»v.av Q[g.y - BOULDERS OR OBSTRUCTIONS:
15 | 20 |AS aver b\m/m S H-: Dne San/t, . :z
20 l s /}3 OVt [ AC J ARTESIAN PRESSURE:
125 126 |45 of"bm:ﬂun £ine Seond) Depth '
2o | 27 |15 k)‘\\'/ b y Ash Qac K Height of Soil Rise
In Casing
2 | 30 |4s st [ fuey sk Wi
30 3] A’s Why- l 6"3{ ﬂib AB—After Boring
ACR—After Casing Removal
3\ 3% |45 Ve lomo Somuo : S Miger Bamole
. BCR—Before Casing Removal
3&?9%3&‘;’9% 35 DB—Diamond Bit
- - DCI—Dry Cave In
A's 46 HA—Hand Auger
HS—Hollow Stem Auger
. PA—Power Auger
SS—Split Spoon Sampler
ST—Thin Walled Sampler
RB—Rock Bit
WB—Wash Boring
WCI—Wet Cave In
— WD—While Drilling
WL—Water Level
WS —While Sampling
—
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LOG QF BORHNG NO. o d Job No. Ca\\lw“', KS Client
ENGINEER SURFACE ELEV. Sheet of
DHILLERM BORING STARTED _7-27-2010 )9S aw WEATHER
HELPER BORING COMPLETED _7- & 7-2010 129S P ST SIZE SS SIZE
RIG NO. 1 STATION CASING USED SIZE
OFFSET HSA USED SIZE
Depth or
Elevation PENETRATION RECORD . "
Split Spoon Blows
s 6- | & | 6 | & | <33 ‘é i
E § 2 §§ < 2 Feet L 5 - Dy dovd Restore Ground
’ Sample Description
O |5 4 oyerbueden — S, H;, cley i
S 10 |4S Overbordery - Silly Clay
1w 15 (A4S orerbovedon ~  Sawg L} Sr[b( Cla.g
s 126 [AS v ex bysechon - fine Gosel
20 | 86 |#S oveviourdan - Fiae Sean
25 | 30 | AS Yellory Sonel
20 | 3% [AS Yedlos Semec/
Mn«g = 35
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DRILL CREW CHECK LIS’D
WATER LEVEL OBSERVATIONS
WL: WS OR WD
WL: BCR ACR
WL: AB Hr. AB
WL: 24 Hr. AB

TOPSOIL THICKNESS
FILL THICKNESS

CAVE IN LEVEL:
While Drilling and
Sampling
After Boring
Completion
WATER LOSS:
At To
Percent Loss
At To
Percent Loss
BOULDERS OR OBSTRUCTIONS:
At To
At To
ARTESIAN PRESSURE:
Depth
Height of Soil Rise
In Casing
ABBREVIATIONS

AB—After Boring
ACR—After Casing Removal
AS—Auger Sample
BCR—Before Casing Removal
DB—Diamond Bit

DCI—Dry Cave In
HA—Hand Auger
HS—Hollow Stem Auger
PA—Power Auger

SS—Split Spoon Sampler
ST—Thin Walled Sampler
RB—Rock Bit

WB—Wash Boring
WCI—Wet Cave In
WD—While Drilling
WL—Water Level

WS —While Sampling
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LOG OF BORING NO.__s sob No_Cedueck €S G R En e LT

ENGINEER ____ SURFACE ELEV. Sheet of wL: WS OR WD
DRILLER%L BORING STARTED _7-22-2010 1220 pm  WEATHER __ljot 100° wL: BCR ACR
HELPER . O¥]  BORING COMPLETED 7-27-2010  |2:SOP™ ST SIZE SS SIZE WL: AB Hr. AB
RIGNO. {METIS STATION CASING USED SIZE WL: 24 Hr. AB

OFFSET HSA USED SIZE TOPSOIL THICKNESS
FILL THICKNESS

Depth or
Elevation PENETRATION RECORD CAVE IN LEVEL:
While Drilling and
Sampling
After Boring

Completion

—* | WALEB 10SS:—
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[o]
]

Split Spoon Biows

Length
Recovered

In Inches

“ory el Rstore

< 2 Feet >

To
Penetrometer
Test
in TSF

Sampie No,
Sampling
Method

Sample Description
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At To
Percent Loss
At To
Percent Loss

BOULDERS OR OBSTRUCTIONS:
At To
At To

ARTESIAN PRESSURE:
Depth
Height of Soil Rise

In Casing

ABBREVIATIONS

AB—After Boring
ACR—After Casing Removal
AS—Auger Sample
BCR—Before Casing Removal
DB—Diamond Bit

DCI—Dry Cave In
HA—Hand Auger
HS—Hollow Stem Auger
PA—Power Auger

SS—Split Spoon Sampler
ST—Thin Walled Sampler
RB—Rock Bit

WB—Wash Boring
WCI—Wet Cave In
WD—While Drilling
WL—Water Level
WS—While Sampling
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LOG OF BORING NO. (2 Job No. Cch\vu} : KS Client
ENGINEER _________ SURFACE ELEV. Sheet of
DRILLER T, BORING STARTED _7-27-2010 12!5Spm = WEATHER
HELPER _R1 $6  BORING COMPLETED 2:27-2010 | *30pm ST SIZE SS SIZE
RIG NO. CnE?S STATION CASING USED_ SIZE
OFFSET HSAUSED (" Flichd  size
Depth or are
Elevation PENETRATION RECORD a -
Split Spoon Blows
g 6 | 6 | & | 6 | 38 (%
£8 gie |saf
g § e §§ < 2 Feet R § LDy ko “Rure.
Sample Description
6l5 AS overbodloy,  — S-\{? C_k-}r
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DRILL CREW CHECK LIST
WATER LEVEL OBSERVATIONS

WL: WS OR WD
WL: BCR ACR
WL: AB Hr. AB
WL 24 Hr. AB

TOPSOIL THICKNESS
FILL THICKNESS

CAVE IN LEVEL:
While Drilling and
Sampling
After Boring
Completion
WATER LOSS:
At To
Percent Loss
At To
Percent Loss
BOULDERS OR OBSTRUCTIONS:
At To
At To
ARTESIAN PRESSURE:
Depth
Height of Soil Rise
In Casing
ABBREVIATIONS

AB—After Boring
ACR—After Casing Removal
AS—Auger Sample
BCR—Before Casing Removal
DB—Diamond Bit

DCi—Dry Cave In
HA—Hand Auger
HS—Hollow Stem Auger
PA—Power Auger

SS—Split Spoon Sampler
ST—Thin Walled Sampler
RB—Rock Bit

WB—Wash Boring
WCI—Wet Cave In
WD—While Drilling
WL—Water Level

WS —While Sampling
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