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Abstract
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During the retreat of the Wisconsinan glaciation, the mouth of Sugar Creek 1in Bradford County, Pennsylvania was dammed by the receding ice sheet; Clay Preparation Firing Test f e nches) | 1800°F | 1900°F | 2000°F | 2100°F | 2200°F
thus flooding Sugar Creek and its tributaries, and creating a glacial lake. Glacial flour settled to the lake bottom and accumulated varved clay deposits . . . T EMPER TURIE [P e e e o
locally exceeding 70 feet thick. Six samples of clay were taken from the upper reaches of the Sugar Creek lake deposit within the East Troy 7.5-minute 1. Clay is dried. Five dried test tiles of each clay sample R o vooo® | 2100° T 2ZoC Samed 235 | 233 | 2313 | 2193 | 1134 | 2087

. o . . . . . . ¢, . . S ol rinkage Percentage - -0.4% 1% 5.7% 2% 10.2%
quadrangle and were characterized for its potential as a ceramic art medium. X-ray diffraction of the clay shows an average mineral composition of 49% (total of 30 tiles) were loaded into a A4 | sample 3 "1 zaws | 26 | 2310 | 2276 | 2162 | 2ai
mica, 29%, quartz, 14% chlorite, 6% plagioclase, 1.5% dolomite, and 0.5% calcitg firing test shows aoli.mited range from bisque to maturity of.1900O F 2. Clay is crushed to pieces less than one inch in gas—ﬁred kiln and heated to 1800° F. .After T T B Bl i
to 2100° F. Vitrification occurs at ~2100° F. The clay has a moderate to high plasticity, a water of plasticity of 21.97% to 25.25%, linear dry shrinkage of diameter. soaking at that temperature for 15 minutes, Shrinkage Percentage | - | 2.0% | 11% | 23% | 106% | 10.6%
6% t018.5%, moderlate to higlilgrelen stren];gth, arédfmoderzﬁe to poor bonding sti‘ength. Alldsamples clalssilfy as (i,lay to silty clay (In th; UC?DA texturalll a tile from each clay was pulled from the sonples___[ zaurs | aaos [ a2 | 207 | aats | a0
triangle. Test samples prove the clay can be used for small pots, terra cotta sculptures, and ornamental tiles. Glazing requires a low-fired ceramic glaze : Sample 6 2.2875 | 2309 | 2.145 | 2.145 | 2149 | 2243

S Sanibies Pl ) , Po™S, U - ] SHee 3. Clay is hydrated in a five-gallon bucket with equal furnace and allowed to cool. The kiln was shinage percenage | - | 09w | 62% | 6% | 61" | o
such as used 1n slip casting, due to the clay’s tendency to bloat or melt at ~2200° F. Because the glacial lake clay will slump when undercut, as well as : " o
cause significant alterations to the local hydrogeology, this clay is not a commercially viable resource with exception to the casual hobbyist and the g y clay Tb1e (Above) Divsiavs the Tmear e shrincese of the six slacial s

. defloccul soak, another sample was pulled and Table (Above): Displays the lincar firing shrinkage of the six glacial samples
low-volume pTOdUCIIlg pOtter. cilocculent. . : in relation to the kiln temperature. Percentages in red indicate clay expansion.
allowed to cool. This was done in 100° F e o et el nh. Pt
N ' ]‘ G = S AR * 7oAl | e SN |4 Clayis mixed into a thick slurry. increments from 1800° F to 2200° F.

Figure (Left): Chart displaying the clay tiles produced during the firing tests.
Note all samples are a nice “terra cotta” color at a bisque firing temperature of
1900°F. Also note that samples 5 and 6 begin to bloat at 2200° F constraining
the maturity firing temperature to 2100° F. Photo by Roger Pollok.

= quadrangle, modified by Aaron Bierly from
Braun (2013). Sample numbers are placed in-
side the clay sample site. All samples came

mn o e rsmes |5, Clay slurry 18 sieved to removed coarse aggregate

which was from core.

The reference map immediately left of text at apprOXimately a 1 6 me Sh o

box displays the extent of the Wisconsinan
glaciation in Pennsylvania (green), Sugar
Creek watershed (blue), and the southern third
of the East Troy quadrangle (black rectangle).

6. Slurry 1s poured over a plaster-of-paris block and

Legend let dry tO the COHSlStenCy Of ﬁrm bread dough' Images (Above): Roger Pollok éytematically preparing clay sample 2. Photos by Jill Pollok.
br bedrock Qw  wetland
f i Qwic Wisconsinan ice-contact stratified drift RaW PrOp el‘ties
gp gravel pit Qwicl Wisconsinan ice-contact stratified drift . . . . .
T tand i Lnideicinloy gladial iaks cieys S1x properties of the clay were assessed before firing but after clay preparation. These properties
11111 i Qwl |  Wisconsinan glacial lake deposit o e . - -
& ka i e were analyzed for their importance in wheel-thrown pottery and sculpting. Properties analyzed
Qa uvium . . . . . . . .
= R Qutl Wisconsinan til undertain with glacial lake clay included plasticity, dry shrinkage, water of plasticity, bonding properties (for attaching handles),
EEl  Alluvial terrace —— Slump and green (dry) strength (fragility of dry ware). Samples of each clay were given to production
% Scale ‘ sy Sampie Sie potters Ian Stainton of Potters Mills, Pennsylvania and Jason Bloom of Julian, Pennsylvania for
RN\ A\ e A their assessment on the clay’s workability. Sculptor, Roger Pollok, assessed the clay’s properties
414504;24;592 - AW o N, ) R o A R SRR e R N N e e e N NSNS\ Wil T ‘:6374;52506 for Sculpting and modeling.
Depth Generalized Description Geology of the Sugar Creek Valley in the East Troy Quadrangle o
Feet Meters P laSth‘lt)}
o —— A locall tratigraphi be observed in the valley bottom of Sugar Creek. L .. . . .
— 0.0° to 1.0°- Gravel, sand, and asphalt (Road fill prally COMIMON STAtETAphit SCQUENYL Catl bE ODSEIVEC 1 LAC VAliey DOTOM OT Sugar LIee A qualitative study was done for plasticity. Each artist was given a subsample of each glacial clay and

1.0’ to 16.9’ - Silt and Silty Gravel (Flood, stream channel, & reworked till): Silt zones are moderate Low-angle (10 to 50)’ north-northwest dlp pll’lg deI:OCk of the Lock Haven For.mation.are overlain . . . . .
yellowish brown (10YR 5/4), coarse silt to very fine grained sand. Rare granules and small pebbles were by till, sand, and gravel. These sand and gravel horizons create a confined aquifer which has evaluated 1ts use as a medium. Clay Samples 2 and 4 had a moderate to hlgh plastlclty and threw well on a

drilling. Gravel and gravel diamict zones are poorly sorted, with clasts ranging in size from granule to . .

small cobble. Matri ranges from sit o very fine sand with scattered coarser sand grains. Coloris between | (11O @ few feet up to 70 feet thick and are the source of the sampled clays. The glacier must have pots bearing vertical walls. The clay pot’s walls would become unstable if the walls became too thin or if
moderate yellowish brown to dark yellowish brown (~ 10YR 4.5/3). Clast lithologies include quartzite, briefly re-advanced up the valley, for an upper sand and gravel horizon 1s present followed by a , , , ,
limestone, and sandstone. thin varve deposit. The glacier finally retreats out of the valley near Towanda, draining the lake, the pot’s walls diverged too far from vertical. Ribbon tests were conducted and all clays could be rolled to

169" t0 20.15"- Diamict (THlI7); Overall matrin fines downward from sandy st o slavey st tntre | [and allowing the modern-day Sugar Creek drainage to form. 1/8, of an 1nch and several could be rolled to 1/16 of an inch. Higher silt concentrations 1n some samples
section is non-calcareous. Color is dominantly between yellowish gray and dusky yellow (~ 5Y 6.5/3). were llkely the source Of pl aStl Clty de gl‘adathIl

Clast size ranges from granules to cobbles larger than core diameter (three inches). Clasts lithologies
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Image (Above): Bisque-fired busts
sculpted by Roger Pollok using the
glacial clays. From left to right, steel
worker (clay sample 1), coal miner
(clay samples 2 and 4), Lenni Lenape
(clay sample 6), and farmer (clay
sample 5). Clay sample 3 contained
too much silt resulting in a low plastic-
ity, and the sculpture collapsed before

include sandstone and quartzite.

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Watel” OfPlaStiCiliy

% Y |scan 1| 2 1] 2 1| 2 1] 2 1| 2 1] 2

2500 (auar | 25 ||1s] 18 |[30] @ |[2] 2 |[s3] 33 [[33] 36 || Water of plasticity was calculated by mixing each sample to a plastic, sculptable, throwable consistency
 [Mica S e e 1ot .1| and rolling and cutting them into test tiles. Weight measurements were taken for each plastic tile and then

20.15° to 21.35’ - Clay (Varve or varve rip-up): Light olive gray (5Y 5/2), very slightly to slightly
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calcareous silty clay to clay, dominantly laminated, with rare scattered very coarse sand grains or granules.

20

21.35’ to 21.8’ - Diamict (Till): Pale yellowish brown (10YR 5/2), slightly calcareous clayey silt matrix SN (Chiorite 9 | 19 11| 16 13 | 15 17 | 11 15 | 16 13 | 13 _a pRRE | firing.
with abundant scattered fine sand grains. Clasts are granules in size. AN Plagiociase || 4| 2 |9 ] 13 ||e| s ||7] o |10l 6 ||7] s || again when the tile dried. The water of plasticity percentage can then be calculated from the weight Images (Above): The four images above show artist Jason Bloom (top two photos) and Image (Right): Pottery created by
40 ) .. . : : SN Calcite 1 1 0 0 0 0 1 0 1 0 0 0 . . . . . . . . Ian Stainton (bottom two photos) testing the clay’s plasticity by “throwing” a pot of each j Bl d Ian Staint :
21.8’ to 33.05’ - Silt & sand: Grain size ranges dominantly between silt and fine sand. Sorting ranges : ason bloom and lan stainton using
\ . m W clay sample. Photos by Roger Pollok. ' :
between moderate and well sorted and locally poorly sorted. Grains are angular to subrounded. Top 3.2 R Dolomite 4 2 0 0 1 1 1 3 1 2 1 0 dlfference. Qualltathely, the aI‘tIStS fOund that the Optl al plaStICIty Of the glaCIal Clay haS d Narro y p y ROE LldeixtEéagilsllcl:éa%/lrsea?piisésl\lgnigséit
feet is calcareous, and a sulfur-like odor is released with the reacting 10% hydrochloric acid locally g\ (Total Scan% | [100] 99 ||100| 100 ||100| 100 |[99 | 99 ||100] 100 ||99 | 100 moisture ran ge the cl ql d 1131 te th P
. . . y Wet Weight | Dry Weight | Weight Difference | Water of Plasticity ¢ clay sample used. INote the
throughout the section. Color ranges from olive gray (5Y 4/1), pale brown (5YR 5/2), to brownish gray (G ! (G ) (G ) (P tage) grayish orange color which is the
o r : - o : : rams rams rams ercentage : : : :
(5YR 4/1). Sand laminations and rare granules/pebbles observed. | | Table above displays semi-quantitative mineral percentages of the six samples of . result of iron-bearing minerals in the
> glacial lake clay. Each sample was scanned twice. Based on these analyses, a consistent Gr een (D r ,Y) S tr eng th Sample 1 30.5 23.3 7.2 23.61% clay. ©
, s Tve ot . . . . ttern can be seen with mica being the dominant mineral followed in decreasing Sample 2 29.7 22.2 7.5 25.25%
33.05’ to 34.0° - Diamict (Till): Matrix is silt to very fine sand with scattered coarser sand grains. Very pattet] ) ) ) : ) . . .
; hl 1 1 1 Icite. XRD anal : : : .34%
ot 5 of setion i calcarcans, Bt sedtion s mmattiod dark seckiah bron (10R 3/4) ot Haby e quanty: quar,chlorite,plagiolase, dolomite,and calie XKD aalyss conducted Green strength 1s the strength of the clay particles to hold together as the clay goes from a plastic state to a el 1| a2 65 234 Photos by Roger Pollok.
5Y 3/2). Clast si f] les t te-si les. Clast lithologies incl - . 1 1 1 1 ’ 1 ' ' ' =
gray (Y 3/2). Clast size ranges from granules to moderate-sized pebbles. Clast lithologies include sand | - dried state. No quantitative analysis was performed but a qualitative assessment on the test sculptures was  samples| 305 | 238 6.7 21.97%
6 stone and crinoid-bearing sandstone. Left: Photo of a slumped glacial lake clay deposit in the East Troy Quadrangle. Note . . . . . . . Sample 6 305 235 70 22.95%
e . — . i |one foot-long ruler for scale. performed by physically trying to snap test tiles and by picking up dried pots by the handles and rims. All —— —
34.0° to 43.1°: Silty-sandy gravel: Matrix of the gravel is dominantly silt to fine sand with scattered Table (Above): Table displaying the water of plasticity data of the clay samples.

coarser sand grains. The bottom 0.3 feet has a higher silt content. Sands are typically subangular to
subrounded and poorly sorted. Clast size ranges from granules to moderate-sized pebbles. Clast lithology i1s
gray sandstone. A slight odor of sulfur was detected prior to acid application and was enhanced during the
application. The entire section is calcareous and is brownish gray (5YR 4/1).

samples but sample 4 showed high resistance to breaking (compressive strength and tensile strength). Most
sculptures lacked cracking as the bust dried, also suggesting a high green strength. Sample 4 has a
moderate green strength but, 1t did not cause any dried pots or sculptures made from 1t to break.
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43.1° - 43.5’: Diamict (Transition zone): Matrix is calcareous, light olive gray (5Y 5/2) silt with
scattered sand grains. Clast size ranges from granules to large pebbles. Clast lithology is sandstone.
Deformed laminations observed at 43.2 feet.

Bonding Strength

80

Bonding strength refers to the ability to successfully attach independent clay accessories to the main clay

body (ex. attaching a handle to a cup). This 1s particularly important in sculpting where numerous

applications of additional clay are required to add anatomical features and props (ex. ears and clothing) to

the sculpture. Qualitatively, the glacial clay has a moderate to poor bonding strength which 1s acceptable

=2 . for simple robust additions like handles but becomes problematic with multiple clay applications such as

b W yartsl | needed 1n sculpting. Both physical and chemical factors affect bonding strength. The coarser-grained silts
M| are likely responsible for the degradation of the bonding strength.

43.5° to 112.7°: Clay and silt (Glacial lake sediment): Laminated clay and silt, with clay dominant in the
upper portions of the section. Very fine to fine grained sand laminations and sand zones present in lower

portion of section. Sand is generally moderately well to well sorted and angular to subrounded. Clay tends
%0 to be non-calcareous, while silt and sand are commonly slightly calcareous to calcareous. Clay consistency

is very soft to soft, becoming increasingly stiffer with higher silt content.

Color ranges between light olive gray (5Y 6/1), olive gray (5Y 4/1) and brownish gray (5YR 6/1). _’%‘ GO A Sanr A 2 :

However, interbedded pale red (5R 6/2) and light olive gray (5Y 6/1) clays were observed from 55.0 to

40 1

57.60. From 57.60 to 60.15, jumbled layers and mottling of previously stated colors occur.

100

Rare i1solated clasts ranging from very coarse sand to moderate sized pebbles were observed. 3 ey i IR SR A e st M A TODS 85 —FabE] i oy A e O 20y O
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112.7° to 131.35’: Gravel, sand, and diamict: Gravel and diamict zones range from diamict to poorly

Image (Above): Roger Pollok adding a clay eyelid to a sculpture using clay sample number

sorted gravel with fines (clast bound). Matrix material ranges from silty clay to very coarse sand. Clast size 5, The inullials ettt ePely (o (e main bus meles fhe ey by i o o ol

Images (Above): Selected samples of the finalized glazed pottery from Jason Bloom (left photo) and Ian Stainton (right photo). These pieces were fired at 2100° F. Photos by

ranges from granule to cobble. Clast lithology 1s dominantly sandstone. One igneous crystalline (granotoid

110 : : : pieces of clay important. Though clearly usable, the clay’s higher silt content made Roger Pollok.
or granodiorite) clast was observed. Color is olive gray (5Y 4/1), medium light gray (N6), brownish gray Lfeft: Scimfémg electron microscope image attaching additional pieces difficult and makes the clay less than ideal for this type of
(5YR 4/1), or grayish red (5R 4/2). O Sampie . D ry_ S h ’,oi n ka ge work. Photo by Joanne Kempher. Image (Left): Artist and geologist, Roger Pollok pours a glaze into the bisque-fired pieces of pottery. Photo by Joanne Kempher.
Sand horizons are very fine to very coarse sand with granules and small pebbles, moderate to poorly Above: SEM image is a further Percent Linear Dry Shrinkage
sorted, and angular to rounded. Sand is calcareous. Color is light olive gray (5Y 5/2) to olive black magnification of the photo to the left. Dry_shrinkage test required Cuttlng Out a reCtangUIar, 1 . 5 1nCh by 25 lnCh plaStiC by 025 lnCh (Wet) Clay Sample 1 0.8% Table (Left): Displays th tage th References Acknowledgements
120 (5Y 4/1) or light brownish gray (5YR 6/1). Semialle 2 7 0% able (Left): Displays the percentage the
: L . . ‘1 o . . . . . : lay had shrunk from being in the plasti
Using the SEM we can see that graim sze |- f1]e and measuring the test tile’s dimensions after drying. Results are in table to the right. Sample 3 6.0% e o et in the plastie | | | | | |
LT O et Sample 4 6.0% | Braun, D. 2013, Pennsylvania Geologic Data The authors would graciously like to acknowledge the artists Ian Stainton
131.35° to 132.1°: Diamict (Basal till): Matrix is calcareous, medium gray (N5) clay/silty clay. Clasts 0 17 MICTons, Which on the Wentwo Sample 5 7 3% Expl . PAGEODE) I . M Retri d d] Bl f ! . et d . John B
are highly disorganized and appear to be native local bedrock. S‘l??le is CltanliE t% ﬁtm: Slﬂt~ .Nohe iﬁe - o e xploration ( ) Interactive Map, Retrieve and Jason Bloom for volunteering their time and expertise. John Barnes
alignment of the detrital mica flakes in the 5% . . . . . .
w I February 2, 2017, http://www.gis.dcnr.state.pa.us/geology/ | [for his XRD analysis. Steve Shank for the SEM 1magery. Will Hoover for

assisting in the field collection of the
clay samples.

132.1° to 135°: Loss (Bedrock): Material pulverized during drilling. Electro-resistivity survey and basal
till member suggests bedrock contact
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