
High-Fired Ceramic Engineering and 
Utilitarian Tableware Production in the 
Glacial Basin of Berlin-Brandenburg: 
Regional Mineralogy, Kiln 
Pyrotechnology, and Vitrified Stoneware 
Praxis for Post-Industrial Subsistence 
Historical Precedent and Regional Ceramic Traditions 
The post-glacial lowlands of the North German Plain, encompassing the Berlin-Brandenburg 
basin, have sustained contiguous ceramic industries for over eight centuries. The regional 
pyrotechnological trajectory has been governed by the intimate spatial relationship between 
glacial sedimentology and navigable fluvial networks. The Upper Havel waterway system 
provided both raw alluvial and lacustrine clay deposits and a low-friction transportation 
corridor to the expanding urban center of Berlin, establishing the historic brickworks belt 
(Ziegelgürtel) centered on Zehdenick, Mildenberg, and Glindow1. Simultaneously, specialized 
pottery settlements leveraged distinct regional mineral beds to synthesize domestic utilitarian 
wares and preservation vessels essential for rural food security5. 
In the Margraviate of Brandenburg, the enclave of Görzke in the Hoher Fläming represents one 
of the oldest contiguous potting communities in Central Europe6. The local potter guild, 
officially chartered in 1706, expanded substantially following the influx of migrant journeymen 
from Silesia5. In 1746, Master Potter Ludwig founded a workshop that institutionalized the 
transfer of high-temperature stoneware traditions to Brandenburg soil, an operation 
maintained across multiple centuries6. In 1834, Eduard Heinitz migrated from Silesia to Görzke, 
introducing specialized sponge-decorating protocols (Schwämmeltechnik) and 
high-temperature brown slip-glazing methodologies (Braungeschirr)5. 
The technical lineage of Görzke descends directly from the Silesian potting center of Bunzlau 
(Bolesławiec)5. The Bunzlau tradition distinguished itself across Europe throughout the 
eighteenth and nineteenth centuries by intentionally abandoning toxic lead-oxide glazes in 
favor of high-fired, non-toxic, feldspathic clay slip glazes (Bunzlauer Lehmglasur)10. The Bunzlau 
potters recognized that while lead oxide fluxes permitted an early vitreous melt at low 
earthenware temperatures (750°C to 900°C), the resulting surfaces degraded rapidly and 
leached neurotoxic cations when exposed to acidic food matrices5. By utilizing fusible alluvial 
surface loams rich in iron, feldspar, and alkaline earths, Bunzlau workshops produced 
impervious, durable culinary vessels fired between 1200°C and 1300°C that were inert against 
lactic acid, acetic acid, and alcoholic beverages6. 



 

Region and 
Production Center 

Geological Mineral 
Base 

Operational Peak Technical 
Character and 
Primary Product 
Lines 

Zehdenick & 
Mildenberg 
(Oberhavel) 

Glaciolacustrine 
varved clay 
(Bänderton) 

1888–1991 Low-refractory 
illitic-calcareous 
clay; Hoffman 
ring-kiln terra cotta; 
porous 
earthenware 
bricks1. 

Glindow 
(Werder/Havel) 

Saalian/Weichselian 
carbonate silt clay 

1716–1945 High-carbonate 
lacustrine clay 
(35%–38% 

); 
yellow-firing 
structural terra 
cotta; narrow 
vitrification range3. 

Görzke (Hoher 
Fläming) 

Decalcified basin 
clay and Fläming 
loam 

1706–Present Bunzlau-style 
utilitarian 
stoneware; 
lead-free 
Lehmglasur; 
fermentation 
crocks, jugs, 
bowls5. 

Spreewald 
Drainage Basin 

Alluvial lowland 
clays; oak forestry 
reserves 

14th–20th Century Salt-glazed 
acid-resistant 
stoneware crocks; 
dairy crocks and 
vegetable 
lacto-fermentation 
vessels14. 

Berlin Institute Standardized 1876–1893 Chemisches 



(Hermann Seger) German industrial 
clays 

Laboratorium für 
Tonindustrie; 
formulation of 
Seger formulas and 
pyrometric slump 
cones17. 

The preservation of agricultural harvests across the North German Plain relied on these 
non-porous ceramic containers. In the Spreewald wetland basin, settled by Dutch reclamation 
engineers and Sorbian agrarian communities in the fourteenth century, vegetable 
harvests—particularly pickling cucumbers (Cucumis sativus)—required anaerobic storage 
vessels to sustain seasonal lactic acid brining14. While industrial barrel operations utilized 
hydrated white oak casks (Eichenfässer), domestic fermentation and pantry storage depended 
on cylindrical stoneware crocks (Gärtöpfe) equipped with integrated liquid water-channels14. 
These vessels prevented oxidation, excluded airborne spores of wild molds and oxidative film 
yeasts (Pichia and Candida), and resisted structural degradation from low-pH brines14. 
The scientific foundation of this regional pyrotechnology was consolidated by Hermann August 
Seger (1839–1893) at the Chemisches Laboratorium für Tonindustrie in Berlin17. Seger evaluated 
the thermal and mineralogical behaviors of Brandenburg clays, systematized the role of 
amphoteric, basic, and acidic oxides in high-temperature glass synthesis, and invented 
normalized pyrometric slump cones (Segerkegel) in 188617. This provided ceramicists with an 
empirical, non-electrical method to measure accumulated thermal work inside the kiln, 
establishing a standard for firing stoneware and compounding durable glazes24. 

Regional Geology, Mineralogy, and Prospecting of 
Glacial Clays 
Glaciolacustrine Sedimentation and Stratigraphy 
The geomorphology of the Berlin-Brandenburg basin is defined by the morphogenetic 
succession of the Pleistocene epoch, shaped by the repeated advances and retreats of the 
Fennoscandian ice sheet during the Saalian and Weichselian glaciations4. As stagnant ice lobes 
melted, meltwater accumulated behind terminal push-moraines and sandur outwash plains, 
creating proglacial lakes (Eisstauseen)4. In these low-energy lacustrine environments, 
suspended mineral particles settled rhythmically, forming deposits of glaciolacustrine varved 
clay (Bänderton)4. 
The stratigraphy of the primary clay belts around Zehdenick and Glindow displays distinct 
seasonal laminations (varves)4. Each annual varve comprises two discrete units: 

1.​ A summer layer: light-colored, coarse-textured, containing high proportions of fine 

quartz silt ( ) and fine sand deposited during periods of active, turbulent 
glacial melting4. 

2.​ A winter layer: dark-colored, dense, plastic, composed of ultra-fine colloidal clay 



platelets ( ) that settled through the water column under a frozen, calm lake 
surface4. 

These glaciolacustrine beds range from 2 to 20 meters in thickness, typically buried beneath 1 
to 4 meters of periglacial cover sand, aeolian Arenosols, or Weichselian ground moraine 
(Geschiebemergel)4. 
Mineralogical Phases and the Calcium Carbonate Limiting Factor 
Brandenburg clays are heterogeneous mineral complexes dominated by three-layer (2:1) 
phyllosilicates, non-clay silica, and carbonate fractions4. Illite is the dominant clay mineral, 
accompanied by subsidiary kaolinite, minor smectite, detrital quartz, potassium and plagioclase 
feldspars, and iron oxides4. 

Mineral Phase 
Constituent 

Zehdenick Varved 
Clay (Bänderton) 

Glindow 
Lacustrine Silt 
(Ziegellehm) 

Görzke / Fläming 
Basin Potting Clay 

Illite (2:1 
Non-expanding) 

45% – 55% 30% – 40% 40% – 50% 

Kaolinite (1:1 
Refractory) 

10% – 15% 5% – 10% 20% – 30% 

Smectite / 
Montmorillonite 

5% – 10% 5% – 8% 3% – 5% 

Quartz (Free  
Silt) 

20% – 25% 20% – 25% 15% – 20% 

Feldspars (K/Na/Ca 
Silicates) 

5% – 8% 4% – 6% 5% – 8% 

Iron Oxides (

 / ) 

4% – 7% 3% – 5% 2% – 4% 

Calcium Carbonate 

( ) 

2% – 6% 20% – 38% < 1.5% 

Illite imparts moderate plasticity while acting as a natural flux during high-temperature firing12. 



The inter-layer potassium ( ) cations within the illite lattice dissociate at elevated 
temperatures, lowering the eutectic melting point of the surrounding alumina and silica12. 
The fundamental constraint of clays across the Berlin region is the concentration of calcium 

carbonate ( )4. Analyses conducted by Hermann Seger demonstrated that the 
lacustrine clays of Glindow contain between 35.7% (upper yellow weathered horizon) and 
38.2% (lower gray unweathered horizon) calcium carbonate13. This high calcite content 
originated from pulverized Cretaceous limestone and chalk beds scoured from the Baltic basin 
by the Fennoscandian ice sheet4. 
The presence of calcium carbonate introduces specific pyrochemical behaviors. Below 900°C, 
the material behaves like a conventional clay. Between 850°C and 950°C, calcium carbonate 
undergoes endothermic calcination, expelling carbon dioxide gas: 

 

In an oxidizing atmosphere around 950°C to 1000°C, the newly liberated calcium oxide ( ) 

acts as a flux that reacts with red ferric oxide ( ) to form yellow-firing 

calcium-iron-silicates, specifically gehlenite ( ) and anorthite (
)3. This pyrochemical reaction produced the yellow architectural brick characteristic of 
Potsdam and Berlin (Glindower gelbe Handstrichziegel)3. 
However, if an artisan fires this high-lime Glindow clay to stoneware vitrification temperatures 

(1150°C to 1250°C), the excess  triggers a rapid eutectic collapse4. Rather than exhibiting 
a broad, gradual sintering interval, the body softens, melts, and slumps into a vesicular glass 
within a narrow 20°C window4. Therefore, Glindow clays are unsuited for vitrified stoneware 
bodies and must be restricted to low-fire porous earthenware or used as 
high-temperature flux additions in slip glazes4. 
To produce impermeable vitrified stoneware capable of holding liquids indefinitely, the potter 

must harvest from the lower-carbonate beds of the northern Zehdenick belt (where  
levels range from 2% to 6%) or locate decalcified, highly weathered basin clays from the 
Fläming hills around Görzke4. 
Field Testing Protocols for Unrefined Raw Clays 
Before committing human and animal labor to extracting bulk deposits, four diagnostic assays 
must be conducted on unrefined field samples: 

1.​ The Acid Carbonate Assay: A 20-gram dry core sample is treated with 5 ml of 
concentrated organic acid, such as raw pyroligneous acid derived from wood distillation 
or 10% cider vinegar33. Immediate, vigorous effervescence of carbon dioxide bubbles 
indicates a carbonate content exceeding 5% by mass. Such clays must be rejected for 



stoneware production, as they will slump at high temperatures4. Samples showing no 
reaction or faint micro-bubbling indicate carbonate levels below 2%, confirming their 
thermal suitability for stoneware trials. 

2.​ The Plasticity and Cohesion Ribbon Assay (Atterberg Approximation): Saturated clay 
is rolled on a smooth hardwood board into a thin cylinder 3 mm in diameter12. The 
cylinder is carefully looped around an artisan’s finger. Highly plastic illitic clays will bend 
into a tight circle without transversal cracking12. If the cylinder shears, fractures, or 
crumbles before completing a loop, the clay contains excess non-plastic silt and quartz 
sand, requiring levigation and blunging before wheel work12. 

3.​ The Linear Drying Shrinkage Bar: Plastic clay is pressed into a 150 mm × 25 mm × 10 
mm wooden mold. A line measuring exactly 100 mm is inscribed into the wet face using a 
steel rule34. The bar is dried slowly at 20°C until bone-dry. The distance between the 
scribe marks is measured: 

 
A shrinkage value between 5% and 8% indicates a balanced ceramic body35. Shrinkage 
exceeding 9% indicates high smectite content, which will cause severe cracking during 
desiccation unless tempered with grog or sand12. 4. The Test-Tile Vitrification and 
Absorption Assay: Disks 50 mm in diameter and 8 mm thick are thrown, dried, and placed 
inside the hottest zone of the wood kiln. Following a firing to high heat (above 1200°C), the 

vitrified test disk is weighed dry ( ), boiled in water for two hours, wiped dry of surface 

water, and re-weighed ( )36: 

 
If the absorption value falls below 2.5%, the clay body has achieved stoneware vitrification36. If 
the disk shows bloated blisters, deformation, or excessive glass slumping, the deposit contains 
excessive flux and cannot stand high heat4. 
 

Diagnostic Assay Field Method Pass Criterion Failure Mode and 
Remediation 

Acid Carbonate 
Test 

5 ml wood vinegar 
or concentrated 

Zero effervescence Vigorous foaming 
indicates high 



acetic acid on dry 
clay core33. 

( ). calcite (

). 
Reject for 
stoneware bodies; 
reserve for slip 
glaze flux4. 

Ribbon Plasticity 
Test 

Roll clay to 3 mm 
cylinder; bend into 
loop around 
finger12. 

Smooth loop forms 
without transverse 
fracture12. 

Cylinder crumbles 

at  
diameter. Low 
plasticity; requires 
prolonged slaking, 
levigation, or 
blending12. 

Linear Shrinkage 
Bar 

Scribe 100 mm 
gauge length on 
green test bar; dry 
to bone-dry34. 

Linear drying 
shrinkage between 
5.0% and 8.0%35. 

Shrinkage 
. High smectite/fat 
clay. Body requires 
15%–25% grog or 
quartz sand temper 
to avert cracking12. 

Thermal 
Vitrification Assay 

Fire test tile to 
target heat work (

); 
measure water 
uptake36. 

Tile rings when 
tapped; water 
absorption 

36. 

Tile melts, bloats, 
slumps, or shatters. 
Clay over-fluxed. 
Adjust with 
refractory kaolinitic 
sand or down-rate 
to low fire4. 

Raw Clay Harvesting, Processing, and Body 
Formulation 
Extraction Logistics and Frost-Weathering (Ausfrieren) 
Clay harvesting must take place in late autumn, before frost consolidates the upper soil profile. 
Spades and mattocks are used to strip away the upper Arenosol sand and any humic 
overburden (typically 0.5 to 1.2 meters thick) to expose the uncontaminated argillaceous 
strata3. The clay is extracted in manageable blocks along natural horizontal bedding planes. 
The excavated clay cannot be worked immediately. It must undergo winter frost-weathering 
(Ausfrieren), an essential mechanical beneficiation process documented across historic Central 
European ceramic guilds3. The raw clay blocks are spread across sloped, well-drained timber 



platforms or compacted clay beds in layers 200 to 300 mm thick, exposed directly to freezing 
winter temperatures, snow, and thaw cycles. 
The physical mechanics of frost-weathering rely on the phase change of capillary pore water: 

1.​ As water freezes within the interstitial micro-voids between clay platelets, it expands by 
approximately 9% in volume. 

2.​ This volumetric expansion generates internal tensile stresses that fracture dense shale 
aggregates and break down compacted laminations without requiring mechanical 
grinding machines. 

3.​ Concurrently, repeated freeze-thaw cycles leach out water-soluble salts (such as 

calcium sulfates and alkali chlorides) and oxidize metallic iron sulfides (pyrite, ), 
which are washed away by meltwater, preventing subsequent sulfur-gas bloating and 
efflorescence during firing. 

Slaking, Levigation, and Mechanical Sieving 
Raw clay slakes effectively only when it has been completely dried to a bone-dry state prior to 
water introduction12. When moist clay is submerged, the existing surface water film retards 
capillary suction12. When bone-dry clay nuggets (broken to sizes under 30 mm) are dropped 
into water, capillary action draws the liquid deep into the internal pore network, compressing 
the trapped air until the capillary walls rupture, disintegrating the aggregate into a fine slurry 
within 24 to 48 hours12. 
Levigation (Schlämmen) separates fine, plastic clay platelets from coarse quartz sand, gravel, 
and unweathered limestone nodules without industrial milling12. A stepped, three-basin 
wooden sluice system is established. The blunged slurry is introduced into Basin 1 (the grit 

trap). Coarse pebbles, gravel, and heavy quartz grains ( ) drop out within minutes 
according to Stokes' law: 

 

where  is settling velocity,  is particle density,  is fluid density,  is gravitational 

acceleration,  is particle radius, and  is dynamic viscosity. 
The fluid slip is decanted over a weir into Basin 2, where fine sand and silt settle over 2 to 4 
hours. The remaining suspended liquor, consisting of fine illite and kaolinite colloids alongside 
ultra-fine silica silt, flows through a final 60-mesh to 80-mesh screen (woven horsehair or 
scavenged fine bronze wire cloth) into Basin 3 (the collection vat)40. The slurry is transferred to 
canvas-lined dewatering trenches or shallow timber drying boxes until it reaches a plastic, 
kneadable consistency (moisture content of 22% to 26%)41. 
Tempering: Sand vs. Calcined Grog (Schamotte) 
Unrefined glaciolacustrine clay displays high plasticity and fine particle packaging, resulting in 



excessive drying shrinkage (8% to 12%) and high vulnerability to drying stress fractures12. To 
stabilize the body, non-plastic inclusions (temper) must be mechanically wedged into the 
matrix12. 
 

Temper Classification Grain Size Distribution Functional Behavior and 
Thermomechanical 
Impact 

Washed Quartz Sand 
(Arenosol) 

40–80 Mesh (

) 

Common glacial aggregate; 
jagged, sub-angular 
particles. Reduces drying 
shrinkage; introduces high 
thermal shock risk at 573°C 
due to quartz inversion 
expansion12. 

Fine Grog (Schamotte, Fine) 60–100 Mesh (

) 

Crushed, pre-fired 
stoneware sherds; 
chemically identical to 
body; zero drying 
shrinkage; low thermal 
expansion; optimized for 
wheel-throwing dinner 
plates and fine rims41. 

Coarse Grog (Schamotte, 
Coarse) 

10–30 Mesh (

) 

Heavy pre-fired fragments; 
provides structural 
scaffolding against wall sag 
during throwing; essential 
for large fermentation 
crocks and refractory kiln 
bricks34. 

Grog (Schamotte) is prepared by collecting clean, unglazed stoneware or hard-fired 
earthenware potsherds, firing them in a kiln to at least 900°C to ensure complete 
dehydroxylation, and pulverizing them with an iron pestle in a heavy timber mortar box12. The 
pulverized material is dry-sieved through graduated wire screens to isolate target fractions. 
Grog is vastly superior to raw quartz sand. Because grog has already undergone firing 
shrinkage and chemical transformation, it possesses a low coefficient of thermal expansion, 
bonds with the surrounding clay matrix, and eliminates the destructive volumetric expansion 
associated with the alpha-to-beta quartz inversion at 573°C12. 
 



Ceramic Body 
Application 

Plastic Base Clay 
Fraction 

Temper Additions 
(Dry Mass Basis) 

Performance 
Characteristics 

Vitrified Fine 
Tableware (Plates, 
Bowls, Jugs) 

75% Levigated 
Zehdenick 
Illite-Kaolinite Clay 

15% Fine Grog (

), 10% 
Washed Fine Sand (

) 

Smooth throwing 
feel; low drag on 
hands; linear drying 
shrinkage 6.5%; 
fires dense and 
ringing at 1220°C39. 

Fermentation 
Crocks & Storage 
Vessels (Gärtöpfe) 

65% Weathered 
Zehdenick or 
Fläming Clay 

20% Coarse Grog (

), 
15% Fine Grog (

) 

High green 
strength; resists 
wall sagging during 
vertical pulling; 
drying shrinkage 
5.0%; thermal 
shock resistant34. 

High-Alumina Kiln 
Refractory Cob & 
Bricks 

40% Coarse Local 
Sandy Clay 

40% Coarse Grog (

), 
20% Chopped 
Straw/Chaff 

Refractory; 
withstands direct 
flame impingement 
to 1300°C; low 
mechanical spalling; 
high insulative void 
space15. 

Bacterial Aging and Souring (Mauken) 
Once blended and wedged, the plastic clay is stored in cool, sunless conditions (such as a 
subterranean cellar) for a minimum of 30 to 90 days before forming38. This aging 
process—known historically as Mauken—induces anaerobic bacterial proliferation within the 
moist clay matrix38. Epiphytic bacteria metabolize residual organic matter, producing gelatinous 
humic and alginic acids. 
These biochemical exudates act as natural colloidal deflocculants and plasticizers, breaking 
down clay mineral aggregates into individual microscopic platelets12. The accumulation of 
colloidal gels increases moisture retention, enhances the green workability of the body, and 
allows the potter to throw thin-walled tableware profiles without premature structural 
collapse12. 

Mechanical Fabrication of a Human-Powered Potter’s 
Kick Wheel 
Throwing thin-walled tableware and heavy fermentation vessels requires continuous, 



vibration-free angular momentum6. Reciprocating treadle wheels introduce cyclical lateral jolts 
to the spindle, creating uneven wall thicknesses in thrown cylinders. A heavy, direct-axis 
rotational kick wheel provides smooth, continuous torque. 
 

Mechanical Component Salvaged Material Source Dimensions, Masses, and 
Working Tolerances 

Structural Frame Salvaged Oak or Pine 
Structural Timber 

100 mm × 100 mm squared 
balks; mortise-and-tenon 
joints pinned with dried oak 
trunnels; 1200 mm long × 
800 mm wide. 

Central Vertical Shaft Scavenged Steel Axle or 
Wagon Drive Shaft 

Cold-rolled mild steel; Ø 
30–35 mm solid round; 
length 950 mm; turned to a 
60° conical point at base. 

Lower Thrust Bearing Hardened Tool Steel Cup & 
Punch 

High-carbon punch seated 
in oak cross-member; filled 
with animal tallow or 
graphite grease; axial 

runout 33. 

Upper Collar Bearing Lignum Vitae, Hard Oak, or 
Bronze Bushing 

Split-block pillow design 
with through-bolts for wear 
adjustment; soaked in hot 
linseed oil/tallow; radial 

tolerance 12. 

Inertia Flywheel Cast Concrete or 
Iron-Weighted Timber Ring 

Mass: 45 to 60 kg; 
diameter: 800 mm; 
thickness: 80 mm; 
dynamically balanced to 
eliminate vibration at 150 
RPM. 

Potter’s Wheel Head Dense Hardwood 
(Hornbeam, Beech, Oak) 

Turned wooden disc; Ø 300 
mm; 40 mm thick; treated 
with boiled linseed oil; trued 



on spindle using hand 
chisels12. 

Ergonomic Workstation Split Softwood Timber Sloped bench seat 450 mm 
above ground; distance to 
wheel center 400 mm; 
foot-reach arc clearance 
around flywheel 120 mm. 

Dynamic Physics of the Flywheel 

The operational efficiency of a kick wheel is determined by its moment of inertia ( ). For a 

solid, uniform cylindrical flywheel of mass  and radius : 

 

For an 800 mm diameter flywheel ( ) cast from dense concrete mixed with scrap 
iron punchings to achieve a mass of 55 kg: 

 

The kinetic energy ( ) stored at an operational rotational velocity of 120 RPM (

) is: 

 
This stored rotational energy provides sufficient angular momentum to throw an 8 kg clay 
cylinder for a 10-liter fermentation crock without requiring the potter to kick continuously 
during critical two-handed upward pulling passes6. The foot kicks the beveled perimeter of the 
flywheel smoothly, maintaining rotational speed through inertia while both hands shape the 
clay6. 

Forming Protocols for Utilitarian Tableware and 
Fermentation Vessels 
Every vessel intended for culinary service or anaerobic food preservation must be thrown, 



turned, and assembled with precise shrinkage compensation. Because regional illite-kaolinite 
clays exhibit an average total linear shrinkage of 12% to 15% (combining plastic-to-dry 
shrinkage and firing sintering shrinkage), thrown dimensions must be enlarged by a factor of 
1.14 to 1.1835. 
 

Vessel 
Typology 

Clay Mass 
(Plastic) 

Green 
Dimensions 

Final Fired 
Dimensions 

Functional 
Design 
Mandates 

Dinner Plate 
(Fine Dining) 

1.4 kg (Fine 
grog body) 

Ø 285 mm, H 
32 mm 

Ø 245 mm, H 
28 mm 

Flat bottom; 
broad 
undercut 
foot-ring; rim 
angled 25° 
upward to 
retain sauces12. 

Soup / Stew 
Bowl 

0.8 kg (Fine 
grog body) 

Ø 185 mm, H 
85 mm 

Ø 160 mm, H 
72 mm (Cap: 
650 ml) 

Parabolic 
curve; 
thickened rim 
bead to resist 
chipping12. 

Beverage Jug / 
Pitcher 

1.8 kg (Fine 
grog body) 

Ø 150 mm, H 
260 mm 

Ø 130 mm, H 
225 mm (Cap: 
1.8 L) 

Pulled strap 
handle; sharp, 
anti-drip pulled 
spout lip. 

5-Liter 
Fermentation 
Crock 

4.2 kg (Medium 
grog body) 

Ø 230 mm, H 
310 mm 

Ø 200 mm, H 
265 mm (Cap: 
5.0 L) 

Deep 
water-seal 
gutter; paired 
lug handles; 
straight walls20. 

10-Liter 
Fermentation 
Crock 

7.5 kg (Medium 
grog body) 

Ø 295 mm, H 
410 mm 

Ø 255 mm, H 
350 mm (Cap: 
10.0 L) 

Reinforced 
base; 50 mm 
water channel; 
paired split 
stones20. 

Fitted 1.6 kg (Medium Ø 225 mm, Ø 195 mm, Inverted dome; 



Water-Seal Lid 
(10L) 

grog body) Flange 45 mm Flange 38 mm deep flange 
clears water 
channel 
bottom21. 

Engineering the Anaerobic Fermentation Crock (Gärtopf mit 
Wasserrinne) 
The vegetable fermentation crock is a specialized vessel. To maintain the obligate anaerobic 
environment required for spontaneous lactic acid fermentation—suppressing oxidative yeasts 

(kahm) and aerobic molds while allowing biogenic carbon dioxide ( ) to escape—the rim 
must incorporate an integrated, concentric water channel (Wasserrinne)14. 
The physical geometry of the rim consists of an inner cylinder wall and an outer concentric wall 
that form a continuous, flat-bottomed gutter. The lid is shaped as an inverted shallow dome 
with a downward vertical flange. When the flange rests inside the gutter and water is added, an 
airtight liquid seal is created21. Biogenic carbon dioxide generated by lactic acid bacteria builds 
positive pressure inside the vessel, bubbles outward through the water seal, and exits to the 
atmosphere14. Atmospheric oxygen cannot enter, maintaining an anaerobic state14. 
The step-by-step production protocol for a 10-liter crock comprises seven phases: 

1.​ Centering and Opening: Center 7.5 kg of de-aired medium-grog stoneware body onto a 
bat pinned to the wheel head34. Open the mass to an internal base thickness of 15 mm34. 
Compress the floor laterally using an oak kidney rib under heavy downward pressure to 
align phyllosilicate platelets and eliminate internal stress cracks (S-cracks). 

2.​ Pulling the Cylinder: Draw the mass upward into a straight, vertical-walled cylinder 
across 4 to 5 deliberate passes. Maintain wall thickness at 12 mm throughout the lower 
and middle sections, tapering to 10 mm at the upper third. Establish an internal green 
diameter of 255 mm and height of 390 mm. 

3.​ Throwing the Integrated Water-Gutter: The top 50 mm of the rim is not trimmed flat; 
instead, a thick collar of clay is formed at the terminal edge. Using the index finger 
supported by a rounded wooden tool, split this collar down the center to form a deep 
vertical groove. Open and expand this groove using a profile-turned wooden template 
into a flat-bottomed U-shaped channel measuring 30 mm wide and 45 mm deep21. 

4.​ Calibrating Rim Height Differential: The inner lip of the water gutter must be thrown 5 
to 8 mm lower than the outer lip. This differential is critical: if pressure fluctuations or 
vigorous gas evolution cause the water level in the channel to rise, excess liquid spills 
safely down the exterior of the crock rather than flooding inward into the vegetable 
brine, preserving the brine's precise salinity21. 

5.​ Forming Handles: Pull two thick, oval-section strap handles from a separate wedge of 
the same clay body. Securely lute them to opposing sides of the upper cylinder body 
below the channel collar using cross-hatch scoring and clay slip21. Smooth the handle 
junctions with leather tools to eliminate crevices where food or bacteria could lodge. 

6.​ Throwing the Fitted Lid: The lid is thrown upside-down as a shallow, flared bowl. The 



outer edge terminates in a downward-projecting vertical flange measuring 45 mm in 
green depth. The outer diameter of this flange is turned to clear the internal walls of the 
crock's water-gutter by exactly 6 mm on all sides, accommodating firing shrinkage 
variations44. Once leather-hard, the lid is inverted onto a chuck; a wide, hollow button 
knob is thrown directly onto the crown to provide a positive grip44. 

7.​ Forming Split Weighting Stones (Beschwerungssteine): The submerged vegetable 
pack must be held under the surface of the anaerobic brine by dense ceramic weights14. 
Roll a slab of coarse-grogged clay to an even thickness of 22 mm. Cut a circular disk with 
an outside diameter 25 mm smaller than the inside diameter of the fired crock44. Pierce 
two 20 mm finger-holes through the body to facilitate retrieval from the brine. Cut the 
disc cleanly in half across its diameter to form a paired semi-circular set. Fire these 
stones unglazed to vitrification (1250°C) to ensure they are non-absorbent and 
chemically inert in lactic acid34. 

Controlled Desiccation and Sand-Bed Drying 
Schedules 
The sandy soils of the Berlin-Brandenburg region (Arenosols) provide an abundant mineral 
medium for drying ceramic ware: pure, fine-grained quartz sand12. Non-uniform evaporation of 
mechanical pore water generates differential capillary shrinkage, which is the primary cause of 
warped plate bases, out-of-round crock rims, and radial bottom cracks (S-cracks)12. 
Desiccation progresses through three distinct physical phases: 

●​ Phase 1 (Saturated Plastic Body, 22% to 26% moisture content): A continuous 
hydrodynamic liquid film envelopes every clay platelet, providing high plastic mobility12. 

●​ Phase 2 (Critical Plastic Limit / Leather-Hard, 12% to 14% moisture content): Clay platelets 
contact one another; the capillary liquid meniscus retreats into internal micro-pores; 
volumetric drying shrinkage ceases entirely. 

●​ Phase 3 (Bone-Dry Greenware,  moisture content): Interstitial mechanical pore 
water has completely evaporated; only chemically bound hydroxyls remain within the 
phyllosilicate crystal lattice12. 

Sand-Bed Drying Technique 
Flatware (dinner plates, platters) and broad-bottomed fermentation vessels cannot be dried 
directly on impermeable wooden boards or stone surfaces. As the vessel shrinks, the friction 
between the clay base and the stationary bench arrests lateral movement, placing the drying 
base in high tensile stress while the upper rim shrinks unhindered, resulting in severe bottom 
cracks12. 
To eliminate this friction, flatware and crocks are set upon a 15 to 25 mm bed of dry, washed, 

fine-sieved quartz sand (  grain size) spread over wooden drying shelves12. 
The spherical sand grains act as micro-ball bearings: as the clay base contracts, the sand grains 
roll beneath it, permitting friction-free, uniform lateral contraction. 
 



Drying Phase Duration Ambient 
Temperature 

Relative 
Humidity 

Microclimate 
Management 
and Handling 
Protocols 

Phase I: Slow 
Consolidation 

48 to 72 Hours 16°C – 19°C 85% – 90% Zero air drafts; 
vessels 
covered with 
damp linen 
cloth; slow, 
uniform 
evaporation12. 

Phase II: 
Leather-Hard 
Trimming 

24 to 36 Hours 18°C – 22°C 70% – 75% Linen removed; 
vessels 
inverted onto 
rim; foot rings 
turned with 
forged iron 
hoop tools12. 

Phase III: 
Equalization 

4 to 6 Days 20°C – 24°C 50% – 60% Gentle 
ambient 
cross-ventilati
on; resting on 
sand beds until 
light gray and 
rigid12. 

Phase IV: 
Pre-Kiln 
Desiccation 

24 to 48 Hours 35°C – 45°C < 30% Stacked on 
warm timber 
decking 
directly above 
the cooling kiln 
to drive off 
residual pore 
moisture. 

Non-Industrial Glaze Chemistry: Formulations and 
Pyrochemical Reactions 
Tableware utilized for acidic culinary preparations (pickles, sauerkraut, vinegars, wine, dressed 



salads) must present a vitrified, chemically non-reactive contact surface12. Three non-industrial 
glaze systems can be achieved using indigenous regional materials: high-temperature 
wood-ash glazes, native clay slip glazes (Lehmglasuren), and atmospheric salt vapor glazes11. 
Lead-based formulations must be systematically refused11. 
The Toxicological Imperative: Absolute Refusal of Lead Glazes 
Low-fired lead earthenware glazes—utilized historically throughout Central Europe due to their 

low melting point (700°C to 850°C) and high gloss—rely on lead(II) oxide ( ) as the 

primary fluxing agent12. Litharge ( ) or red lead ( ) reacts with silica ( ) to 
form an easily fusible lead silicate glass: 

 
The toxicological consequence of lead glazes in food-contact wares is severe12. Lead silicate 
glasses are chemically unstable when exposed to organic food acids12. Hydronium ions (

) present in lactic acid ( ), acetic acid ( ), or citric acid 
attack the lead silicate network through an ion-exchange reaction: 

 

The neurotoxic divalent lead cation ( ) leaches directly into the food matrix12. Ingestion of 
food stored or served in lead-glazed earthenware causes chronic saturnism: 
neurodegenerative breakdown, motor dysfunction, abdominal colic, renal failure, anemia, and 
cognitive degradation12. 
Official food-safety directives (e.g., German Federal Institute for Risk Assessment / BfR; EU 

Directive 84/500/EEC) impose a release limit of less than  for general ceramic 

containers and  for vessels intended for long-term storage47. Artisanal wood-fired 

lead glazes frequently leach between  and  of  under standard 
4% acetic acid extraction assays, exceeding safe limits by orders of magnitude47. 
Consequently, lead formulations must be permanently prohibited. 
High-Temperature Wood-Ash Glazes (Holzascheglasuren) 
Wood combustion ash is an abundant non-industrial source of basic fluxing oxides, primarily 

calcium oxide ( ), potassium oxide ( ), and magnesium oxide ( )49. 
 



Chemical Oxide Mass Percentage in 
Washed Ash 

Functional Role in 
Vitreous Melt 

Calcium Oxide ( ) 
35% – 45% Primary high-temperature 

basic alkaline earth flux 
(active above 1150°C)49. 

Potassium Oxide ( ) 5% – 12% Alkaline flux; lowers initial 
sintering temperature; 
promotes gloss49. 

Silicon Dioxide ( ) 15% – 25% Primary acidic 
glass-former49. 

Aluminum Oxide ( ) 
4% – 8% Refractory amphoteric 

stabilizer; prevents 
excessive glaze running49. 

Magnesium Oxide ( ) 3% – 7% High-temperature flux; 
produces a soft, 
satin-matte surface49. 

Ferric Oxide ( ) 1% – 3% Colorant; yields 
olive-greens and celadons 
in reduction atmospheres50. 

Phosphorus Pentoxide (

) 

3% – 6% Secondary glass-former; 
promotes opalescence and 
micro-phase liquid 
separation. 

Raw wood ash contains high concentrations of soluble alkaline hydroxides and carbonates 

(potassium carbonate, , and sodium carbonate, )49. If unwashed ash is 
utilized: 

1.​ The caustic lye liquor ( ) damages the potter's skin during glaze application40. 
2.​ The soluble alkalis deflocculate the clay slip, causing crawling, pinholing, or flaking during 

glaze drying49. 
3.​ The alkalis soak into porous greenware or bisqueware, causing efflorescence and uneven 

melting. 
To wash the ash, mix raw ash with clean rainwater in a wooden barrel at a ratio of 1 part ash to 4 
parts water40. Stir vigorously, let the heavy mineral fraction settle for 10 minutes, and decant 



the slurry through a 40-mesh screen into a second barrel to eliminate unburned charcoal, 
gravel, and nails40. Allow the fine ash to settle for 48 hours. Siphon off the caustic 
amber-colored supernatant liquid (which can be reserved for lye soap production). Refill the 
barrel with fresh water, stir, settle, and siphon. Repeat this washing cycle three times until the 

water registers a near-neutral pH ( ). Dry the settled ash sludge to a damp powder 
and pass through an 80-mesh sieve40. 

Ash alone does not contain sufficient silica ( ) or alumina ( ) to form a stable glass 
without running down the vessel walls49. It must be compounded in a balanced triaxial formula: 
 

Raw Material Component Mass Percentage Seger Unity Formula Role 

Washed Hardwood Ash 
(Beech/Oak) 

35% Primary basic flux supplier 
(RO group: 

)41. 

Crushed Feldspathic 
Granite or Glacial Silt 

35% Intermediate flux and 
alumina/silica donor (

)41. 

Levigated Local Clay 
(Zehdenick Illite) 

15% Alumina donor (stabilizer) 
and suspension binder41. 

Fine Quartz Sand (Arenosol 
Outwash) 

15% Acidic glass-former (  

group: )40. 

When fired to 1250°C under a reducing wood atmosphere, this glaze fuses into a smooth, 
impervious olive-green to celadon glass with complete chemical resistance against food 
acids50. 
Indigenous Clay Slip Glazes (Lehmglasuren / Bunzlauer Braunzeug) 
The hallmark of the regional Bunzlau and Görzke stoneware tradition is the high-fired slip glaze 
(Lehmglasur)5. This technique avoids complex mineral mining by utilizing fusible, iron-rich 
surface loams as the glaze vehicle10. 
Unlike the underlying refractory stoneware body, which resists melting up to 1300°C, the slip 

clay is selected specifically for its natural content of fluxes: iron oxide ( ), 

potassium/sodium oxides ( ), and fine calcium/magnesium carbonates (

)11. The glaciolacustrine clays of the middle Havel basin or the upper horizons of 



the Görzke deposits fulfill these criteria5. 
 

Raw Material Component Mass Percentage Processing and Functional 
Contribution 

Fusible Local Iron Clay 
(Glindow/Görzke) 

75% Fine-levigated through 
100-mesh; acts as primary 
matrix, colorant, and flux 
donor11. 

Washed Hardwood Ash 15% Boosts  to 
lower melting point and 
ensure complete melt at 
1240°C41. 

Finely Pulverized Quartz 
Flour 

10% Adjusts the  
ratio to produce a glassy, 
non-crazing surface51. 

The slip is blunged with water to a creamy viscosity (specific gravity 1.40 to 1.45 kg/L)11. It is 
applied directly onto bone-dry greenware or low-bisqued ware by dipping or pouring11. During 
the peak firing phase at 1250°C, the iron oxide acts as a powerful flux under reducing 

conditions ( ), fusing the slip into a deep chestnut-brown or mirror-black impermeable 
glass that bonds into the underlying stoneware body without crazing or flaking11. 
Atmospheric Salt Vapor Glazing (Salzbrand) 
Originating in the Rhineland during the twelfth century and practiced across Central Europe, 
salt glazing represents an atmospheric pyrochemical technique wherein the glaze is 
synthesized in situ at peak kiln temperature12. 
When the wood-fired kiln reaches the vitrification threshold of the silica-rich stoneware body (

), coarse rock salt (sodium chloride, ) is introduced directly into 
the active combustion chambers over the burning embers12. At these temperatures, solid salt 
vaporizes rapidly. In the presence of water vapor from wood combustion, the sodium chloride 
dissociates: 

 

The reactive sodium oxide ( ) vapor drafts through the setting chamber, attacking 
exposed quartz and aluminosilicates on the vessel surfaces: 



 
This reaction produces an integrated sodium aluminosilicate glass skin with high hardness, acid 
resistance, and a dimpled "orange-peel" surface texture caused by volatile micro-bubbles 
escaping during vitrification12. 

The chemical byproduct of the salt-glaze reaction is anhydrous hydrogen chloride gas (

)12. Upon exiting the chimney into the atmosphere,  reacts with ambient humidity to form 
dense aerosol clouds of hydrochloric acid: 

 
 

Hazard Parameter Physiological and 
Environmental 
Consequence 

Operational Protocols and 
Mitigations 

Hydrogen Chloride Exhaust Acute pulmonary edema; 
respiratory burns; severe 
eye irritation. 

Kiln must be sited 
downwind, at least 200 m 
from dwellings and 
livestock. Operators must 
remain upwind and wear 
damp linen respirators12. 

Hydrochloric Acid Fallout Foliar necrosis in crops; 
acidification of surface 
water; pine needle loss. 

Salt firings scheduled only 
under brisk, dispersed wind 
conditions; never during 
still, humid, or 
thermal-inversion weather. 

Refractory Attack & 
Slagging 

Rapid melting of common 
clay, mortar, and low-fire 
bricks in the kiln structure. 

Kiln interior, setting shelves, 
and chimney flues must be 
constructed from 
high-alumina, low-calcium 
firebrick and refractory 
cob15. 

Kiln Pyrotechnology: Structural Design, 



Aerodynamics, and Refractory Engineering 
To fire ceramics without fossil fuels or electricity, the potter must build thermodynamic 
structures capable of concentrating wood combustion energy beyond 1200°C while resisting 
cyclic thermal shock33. 
An open pit fire or clamp kiln achieves temperatures between 650°C and 850°C12. It exhibits 
highly irregular heat distribution and an uncontrolled, smoky reduction atmosphere, producing 
porous, non-vitrified cooking vessels and terra cotta12. A cylindrical updraught kiln reaches 
950°C to 1050°C with moderate heat uniformity, making it suitable for low-fire domestic 
earthenware and bisque firings4. 
For impermeable, fully vitrified stoneware, the potter must construct a horizontal 
cross-draught kiln, historically represented by the Kasseler Langofen (Kassel Long Kiln)15. This 
design achieves temperatures between 1200°C and 1300°C, provides even soaking across the 
setting beds, and permits precise atmospheric control for reduction, oxidation, and salt 
glazing6. 
The Kasseler Cross-Draught Kiln (Kasseler Langofen) 
The Kasseler Langofen consists of a horizontal, barrel-vaulted chamber situated between a 
deep primary firebox at the front and a tall chimney stack at the rear15. 
Flames originate in the primary firebox, rise over a refractory firebridge wall (Feuerbrücke), 
sweep horizontally through the stacked pottery in the ware chamber, pass through collection 
ports at the base of the rear wall, and exit through the chimney stack15. This horizontal 
cross-draught path forces the thermal energy to soak through the ware beds before escaping, 
achieving high fuel efficiency15. 

The natural draft of a kiln stack ( ) is governed by the chimney height ( ) and the density 

differential between cold ambient air ( ) and buoyant exhaust gases ( )16: 

 

where , and gas density is inversely proportional to absolute temperature (

). 
To maintain steady draft against the frictional resistance of the packed ware chamber without 
pulling excess cold air into the combustion zone, four proportional rules must be maintained: 

●​ Chimney Height ( ): A minimum of  measured from the flue floor 
to the top of the stack16. 

●​ Chimney Flue Cross-Sectional Area: Formulated at  of the total 
cross-sectional area of the setting chamber. For a setting chamber measuring 



 (cross-sectional area ), the internal chimney 
flue cross-section must be: 

 

●​ Firebox Sizing: The internal volume of the firebox must equal  of the ware 

chamber volume15. For a  setting chamber, the firebox must provide an effective 

combustion volume of . 
●​ Firebridge Wall (Feuerbrücke): Constructed between the firebox and the ware chamber, 

rising to  of the ceiling height15. This wall directs the flames into the 
crown of the vault before they pass horizontally through the pottery, preventing direct 
flame impingement and localized hot spots15. 

 

Structural Kiln 
Layer 

Material 
Composition and 
Compounding 

Thickness Thermophysical 
and Structural 
Role 

Hot-Face Interior 
Lining 

High-alumina 
salvaged firebrick 
(Schamotte) or 
dense low-calcium 
brick43. 

115 mm (Half-brick 
width) 

Direct flame 
contact; refractory 
to 1350°C; low 
spalling; mortared 
with 50% kaolin / 
50% grog slip28. 

Intermediate 
Thermal Mass 

Sandy regional clay 
mixed with 50% 
coarse grog43. 

100 mm Structural backing; 
absorbs lateral vault 
expansion thrust; 
bridges hot face to 
insulation43. 

Exterior Insulating 
Cob 

Earthen cob 
composite: 30% 
clay, 40% sand, 
30% chopped 
straw 
(Lehm-Stroh)43. 

150–200 mm Low thermal 
conductivity; 
entrapped air voids 
limit outer skin 
temperature below 
70°C43. 



Foundation Thermal 
Break 

Compacted gravel 
base topped with 
dry-laid brick 
hearth33. 

300 mm Prevents 
subterranean 
moisture migration 
into the kiln floor; 
arrests ground heat 
sinking33. 

Wood Firing Protocols, Pyrometry, and Atmospheric 
Control 
Wood combustion firing transforms green clay into vitrified ceramic through a series of 
temperature-dependent physical and mineralogical reactions12. 
Between 20°C and 150°C, mechanical pore water evaporates endothermically, requiring slow 
heating and open dampers to avoid explosive steam expansion12. Between 450°C and 650°C, 
chemically bound hydroxyl ions are expelled from the phyllosilicate lattice (dehydroxylation), 

converting kaolinite into metakaolin ( ) and permanently destroying 
plasticity12. 
At exactly 573°C, crystalline quartz undergoes the alpha-to-beta quartz inversion, expanding 
volumetrically by 1.5%12. The kiln temperature must be held steady through this threshold to 
prevent thermal shock fractures12. 
Between 700°C and 900°C, residual carbonaceous matter and pyritic sulfur burn out under 
oxidizing conditions12. Between 1000°C and 1150°C, low-fire sintering begins as alkali fluxes 
melt12. Between 1200°C and 1280°C, full vitrification takes place: extensive liquid phase 

sintering closes the pore network, and acicular mullite crystals ( ) grow to form an 
impermeable, mechanically durable matrix12. 
Firing Schedule for a 2.0 m³ Kasseler Kiln 
The fuel used across the North German Plain is Scots Pine (Pinus sylvestris, German: Gemeine 
Kiefer), supplemented by dense hardwoods (birch, oak) during the final high-temperature 
soaking phase33. Pine burns with a long, luminous, resinous flame that carries heat through the 
dense setting of a cross-draught kiln33. 
 

Elapsed Time Internal 
Temperature 

Heating Rate Atmosphere & 
Draft 

Stoking 
Methodology 
and Fuel 
Selection 

Hours 0–6 20°C to 150°C ~20°C/hr High excess 
air; damper 

Small kindling 
fire on ash pit 
floor; thick split 



fully open pine logs (

) 
pre-warming33. 

Hours 6–12 150°C to 
500°C 

~60°C/hr Strongly 
oxidizing; draft 
clear 

Medium split 
pine (50 mm); 
active 
combustion; 
firebox door 
cracked open 
to admit 
primary air. 

Hours 12–14 500°C to 
650°C 

~50°C/hr Neutral; hold 
steady at 
573°C 

Careful 
feeding 
through 573°C 
quartz 
inversion; 
steady ember 
bed; no 
thermal 
spikes12. 

Hours 14–20 650°C to 
1050°C 

~65°C/hr Neutral to light 
reduction 

Heavy stoking 
cycles every 
12–15 minutes; 
ember bed 
built to 300 
mm depth. 

Hours 20–24 1050°C to 
1200°C 

~40°C/hr Active cyclic 
reduction (

) 

Split pine 
(30–40 mm); 
firebox closed 
for 8 mins after 
stoking 
(reduction), 
cleared for 4 
mins33. 

Hours 24–27 1200°C to 
1260°C 

~20°C/hr Strong 
reduction / salt 

Split dry pine 
and oak slabs; 



vapor salt introduced 
at hour 26 if 
salt-glazing12. 

Hour 28 1260°C Peak 
Soak 

Zero 
temperature 
rise 

Sealed 
atmosphere 

Final 
60-minute 
soak; all air 
intakes, 
dampers, and 
spy-holes 
sealed with 
clay-sand 
mortar. 

Cooling (36–48 
hrs) 

1260°C down 
to 80°C 

Passive 
descent 

Hermetic seal Kiln remains 
sealed for two 
full days; 
premature 
opening 
causes 
catastrophic 
dunting 
fractures! 

Pyrometric Evaluation Without Electronic Instrumentation 
In a post-industrial setting, electronic thermocouples and digital pyrometers are unavailable. 
The firing crew must measure accumulated heat-work using optical incandescence, draw rings 
(Brennproben), and self-formulated pyrometric slump cones (Segerkegel)17. 
Optical incandescence provides continuous visual monitoring through spy-holes: 

●​ Incipient Dark Red (500°C–550°C): Ware is barely visible in darkness; quartz inversion 
threshold. 

●​ Dark Cherry Red (700°C–800°C): Carbon burn-off is underway; metakaolin formation12. 
●​ Bright Cherry Red (850°C–950°C): Calcite decomposition; low earthenware maturation4. 
●​ Orange to Salmon (1000°C–1080°C): Earthenware sintering; upper limit for 

high-carbonate Glindow clays4. 
●​ Light Orange to Straw Yellow (1100°C–1180°C): Incipient stoneware sintering; ash glazes 

begin to melt36. 
●​ Brilliant Straw Yellow (1200°C–1250°C): Full stoneware vitrification; slip glazes fuse into 

glass10. 

●​ Incandescent White ( ): Severe risk of structural collapse and overfiring57. 
Draw rings (Brennproben) provide direct physical verification during the firing64. A series of 



small, donut-shaped rings thrown from the body clay and coated with glaze are set adjacent to 
the spy-hole64. During the high-fire phase, an iron rod with a hooked end is inserted to extract a 
ring64. The ring is dropped into an iron bucket to cool quickly, allowing the master potter to 
inspect: 

1.​ Vitrification and glass fusion: has the slip or ash glaze melted into a smooth, non-gritty 
layer? 

2.​ Bubble clearance: has outgassing ceased, or does the surface exhibit boiling pinholes? 
3.​ Body densification: the fracture surface is examined with a loupe to confirm vitrification. 

Self-formulated pyrometric slump cones (Segerkegel) provide standardized thermal 
measurement17. The potter compounds 60 mm high, three-sided truncated pyramids from 
local minerals24. These cones deform plastically and bend when the required heat-work 
(temperature and time) is achieved24: 
 

Equivalent Cone Nominal Slump Temp Raw Mineral 
Compounding 
Formulation (Dry Mass 
Basis) 

Cone 04 
(Bisque/Earthenware) 

1060°C 50% Glindow Calcareous 
Clay, 30% Quartz Sand, 
20% Hardwood Ash32. 

Cone 6 (Early Stoneware) 1220°C 40% Feldspathic Granite 
Silt, 30% Zehdenick Illite 
Clay, 20% Quartz Sand, 
10% Hardwood Ash41. 

Cone 9 (Stoneware Climax) 1280°C 35% Pure Kaolin/Fläming 
Ball Clay, 35% Feldspathic 
Granite, 25% Quartz Sand, 
5% Hardwood Ash41. 

A standard cone pack consists of three cones mounted side-by-side in a clay strip, angled at 8° 
from vertical: 

●​ The Guide Cone (Cone 6): Bends first, alerting the crew that the kiln is within 40°C of 
peak heat66. 

●​ The Target Cone (Cone 9): When its tip bends over to touch the mounting plaque, 
heat-work is complete and firing ceases26. 

●​ The Guard Cone (Cone 10): Remains upright; if it deforms, the kiln has overfired, risking 
vessel collapse66. 

Vitrified Stoneware vs. Porous Earthenware: Food 



Safety, Porosity, and Hygiene 
For culinary service and long-term food preservation, the physical distinction between 
earthenware (Irdenware) and stoneware (Steinzeug) is fundamental34. 
 

Physical Property Low-Fired Earthenware 
(900°C–1050°C) 

Vitrified Stoneware 
(1200°C–1280°C) 

Fired Bulk Density 1.8 to 2.1 g/cm³ 2.3 to 2.5 g/cm³ 

Water Absorption (Porosity) 8.0% to 18.0% (Capillary 
permeable)67 

0.5% to 2.5% (Impermeable 
vitreous body)36 

Microstructural Sintering Particle bonding; open 
interstitial pore network36. 

Vitreous liquid phase fill; 
interlocking mullite needles 

( )36. 

Modulus of Rupture 
(Strength) 

30 to 50 MPa (Prone to 
chipping and impact 
fracture) 

70 to 110 MPa (High impact 
resistance; metallic ring)39. 

Acid and Brine Resistance Degrades in low-pH organic 
acids (lactic, acetic)12. 

Chemically inert against 
boiling organic and mineral 
acids11. 

The Physical and Biological Hazards of Porous Earthenware 
In vegetable lacto-fermentation (sauerkraut, brined pickles), the brine is characterized by lactic 

acid ( ), acetic acid, and  sodium chloride ( )14. 
If porous earthenware is used for fermentation or dairy storage: 

1.​ Capillary Brine Seepage: The continuous open pore network draws acidic brine deep 
into the vessel wall via capillary suction. The brine wicks to the exterior surface, where 
water evaporates and leaves behind sodium chloride and calcium sulfate crystals 
(efflorescence). This sub-surface crystallization generates crystallization pressure (

) inside the pores, spalling the clay surface and flaking off interior glazes. 
2.​ Glaze Crazing and Pathogen Colonization: Because earthenware bodies possess a 

lower coefficient of thermal expansion than simple siliceous glazes, the glaze crazes, 
forming networks of fine cracks12. Pathogenic bacteria (Escherichia coli, Listeria 
monocytogenes), bacterial spores, and spoilage fungi lodge within these fissures, 
protected from mechanical washing12. 

3.​ Biofilm Entrapment and Lipid Rancidity: Trapped milk fats from dairy service or 



vegetable oils soak into the open ceramic pores and oxidize, producing rancid off-flavors 
that taint subsequent preparations12. These sub-surface biofilms resist chemical and 
hot-water sanitization12. 

4.​ Mycotoxin Accumulation: Saturated, porous ceramic walls provide a hospitable 
substrate for fungal mycelia (such as Aspergillus and Penicillium species). These molds 
can synthesize carcinogenic mycotoxins (e.g., aflatoxins, ochratoxin A, patulin) that leach 
into stored foodstuffs. 

Vitrified stoneware fired to 1250°C eliminates open capillary pores, keeping water absorption 

below  (and below  when coated with a slip or salt glaze)36. The body behaves like 
granite: non-absorbent, hygienic, capable of scalding washouts with boiling water and lye, and 
chemically unreactive with organic acids6. Tableware and fermentation crocks intended for 
food preservation must be fired to stoneware vitrification11. 

Ceramic Pathology: Structural Failure Modes, 
Diagnostics, and Remediation 
High-temperature ceramic production using unrefined wild clays presents distinct 
thermomechanical and mineralogical failure modes12. 
 

Structural Failure 
Mode 

Visual and Tactile 
Morphology 

Underlying 
Physical / 
Chemical 
Mechanism 

Preventive 
Remediation 
Protocol 

S-Cracks & Base 
Checking 

S-shaped or radial 
fissures across 
bottom of plates 
and crocks34. 

Differential capillary 
drying shrinkage; 
uncompressed 
floor; base 
friction12. 

Compress 
wheel-thrown base 
firmly with wooden 
rib; dry flatware on 
sand beds; slow 
drying under linen12. 

Cooling Dunts 
(Thermal Shock) 

Razor-sharp, clean 
tensile cracks 
through body and 
glaze12. 

Rapid cooling 
through 573°C 
quartz inversion or 
220°C cristobalite 
shift12. 

Keep kiln sealed 
hermetically until 
internal 
temperature falls 
below 80°C; do not 
crack dampers 
early12. 

Glaze Crawling & 
Beading 

Glaze pulls back 
into isolated islands, 

High glaze drying 
shrinkage (excess 

Wash wood ash 
thoroughly to 



exposing bare clay 
beneath49. 

raw clay); 
unwashed ash; 
dusty bisqueware49. 

remove soluble lye; 
calcine part of the 
glaze clay; clean 
bisqueware40. 

Lime Popping 
(Kalkspatzen) 

Conical flakes spall 
off vessel surfaces 
days post-fire, 
revealing white 
core34. 

Post-fire hydration 
of calcined lime 
nodules (

) with 300% volume 
expansion. 

Wet-sieve raw clay 
through 80-mesh 
screen; or 
cold-water quench 
hot pots at 100°C 
draw40. 

Core Bloating & 
Vesiculation 

Blisters and 
swellings on thick 
walls; internal black 
vesicular glass4. 

Trapped 
carbon/sulfur gases 
expanding after 
surface pores have 
vitrified4. 

Fire slowly between 
700°C–900°C 
under oxidizing 
conditions before 
closing dampers4. 

Elimination of Lime Popping (Kalktreiben) 
Given the high calcium carbonate content of Brandenburg drift clays, Kalktreiben is a frequent 

cause of structural failure4. When coarse chalk or limestone fragments ( ) remain 

in the clay body, they calcine during firing to calcium oxide ( )3: 

 
After firing, as the vessel sits in an ambient environment, moisture vapor from the air diffuses 

into the ceramic. The embedded  nodules hydrate into calcium hydroxide ( ): 

 
This hydration reaction involves a 300% volumetric expansion. Because the surrounding 
ceramic matrix is rigid, this localized expansion generates internal shear stresses, blowing 
conical flakes of ceramic (Kalkspatzen) off the vessel wall34. 
Two non-industrial protocols prevent lime popping: 

1.​ Mechanical Levigation and 80-Mesh Sieving: Passing the raw clay slurry through an 

80-mesh ( ) screen eliminates large limestone grains40. Calcite particles smaller 



than  do not exert sufficient localized force to crack the ceramic wall upon 
hydration; instead, they dissolve into the surrounding glass matrix as microscopic 
fluxes49. 

2.​ Cold Water Quenching: Upon opening the kiln while the ware is still hot (around 100°C), 
vessels can be dipped into a vat of cold water. Rapid hydration while the clay matrix is 
under slight thermal expansion allows micro-lime nodules to dissolve without fracturing 
the surrounding ceramic. 

Quantitative Labor, Fuel, and Operational Budgets 
Transitioning from an individual homestead of four persons to an agrarian community of 300 
individuals requires scaling from small, intermittent batches to seasonal production campaigns 
aligned with regional agricultural rhythms. 
 

Vessel 
Typology and 
Application 

Household 
Units (4 
Persons) 

Total Clay 
Mass (Dry) 

Throwing & 
Turning Labor 

Total Labor 
(Harvest to 
Fire) 

Wide Dinner 
Plates (Fine 
Dining) 

8 units 11.2 kg 4.0 hrs 12 hrs 

Deep Soup / 
Stew Bowls 

8 units 6.4 kg 2.5 hrs 8 hrs 

Service Platters 
& Large Bowls 

4 units 6.0 kg 2.5 hrs 6 hrs 

Drinking 
Pitchers & 
Water Jugs 

4 units 7.2 kg 3.0 hrs 9 hrs 

Table Cups / 
Beakers 

8 units 3.2 kg 2.0 hrs 6 hrs 

10-Liter 
Fermentation 
Crocks 
(Sauerkraut) 

2 units (with 
lids/stones) 

15.0 kg 5.0 hrs 16 hrs14 



5-Liter 
Fermentation 
Crocks 
(Pickles) 

2 units (with 
lids/stones) 

8.4 kg 3.5 hrs 11 hrs14 

Lidded Storage 
Jars (Pantry 
Stores) 

6 units 15.0 kg 4.5 hrs 14 hrs 

TOTAL 
HOUSEHOLD 
REQUISITE 

42 vessels 72.4 kg Dry 
Clay 

27.0 hrs 82.0 Labor 
Hours 

Community Production Scaling (300 Persons) 
For an agrarian micro-community of 300 persons, ceramic containers are necessary for both 
daily food service and seasonal harvest preservation. 

Production 
Category for 
Community of 300 

Target Quantity Total Dry Clay 
Mass Required 

Kiln Volume 
Equivalents 

Individual Table 
Settings (Plates, 
Bowls, Cups) 

1,200 units 1,250 kg 5 Firing Loads (

 Kiln) 

Communal Platters, 
Pitchers, and 
Serving Bowls 

250 units 450 kg 2 Firing Loads 

15- to 20-Liter Bulk 
Sauerkraut Crocks 

80 units 960 kg 2 Firing Loads 

10-Liter Brine Pickle 
and Root Vegetable 
Crocks 

120 units 900 kg 2 Firing Loads 

Lidded Bulk Storage 
Jars (Lard, Grains, 
Dried Pulses) 

200 units 800 kg 1 Firing Load 



TOTAL 
COMMUNITY 
INVENTORY 

1,850 ceramic 
vessels 

4,360 kg (4.36 
metric tons) 

12 Firing Loads (

 Kiln) 

Quantitative Fuel Physics and Wood Consumption 

The fuel requirements for firing high-temperature stoneware in a  Kasseler 

cross-draught kiln depend on the lower heating value ( ) of regional Scots Pine (Pinus 
sylvestris)33. 
Air-dried pine seasoned for 12 months in the Brandenburg climate achieves an equilibrium 

moisture content of , providing an energy density of: 

 

One stacked cubic meter (Raummeter or stere, abbreviated ) of split pine firewood weighs 

approximately  at  moisture content33. The total chemical thermal energy 
per Raummeter is: 

 

A 28-hour firing of a  Kasseler kiln to Cone 9 (1260°C)—accounting for heat absorbed 

by the refractory masonry (  of firebrick and cob), water vaporization enthalpy, flue 
gas draft losses, and external conduction—consumes between 3.5 and 4.5 Raummeter 
(stere) of seasoned pine wood15. 
 

Firing Phase Duration Wood Volume (rm) Fuel Mass & 
Stoking Frequency 

1. Water Smoking 
(20°C–150°C) 

6.0 hrs 0.5 rm (210 kg) Large slow-burning 
split logs; 1 stoke 
every 30 min33. 

2. Low Fire 8.0 hrs 0.8 rm (336 kg) Medium split pine 
(50 mm); 1 stoke 



(150°C–650°C) every 15 min. 

3. High Ramp 
(650°C–1150°C) 

6.0 hrs 1.0 rm (420 kg) Fine split pine; 
primary ember bed; 
1 stoke every 10 
min. 

4. Vitrification 
Climax 
(1150°C–1260°C) 

8.0 hrs 1.7 rm (714 kg) Split dry pine and 
oak slabs; 
continuous stoking 
every 4 to 6 min57. 

TOTAL PER KILN 
RUN 

28.0 Hours 4.0 rm (1,680 kg) Yields ~180 to 220 
tableware pieces 
OR ~16 to 20 large 
fermentation 
crocks. 

To complete the community-scale inventory of 1,850 vessels, the pottery requires 11 to 12 kiln 
firings, consuming a total fuel volume of 44 to 48 Raummeter of split pine firewood33. Within 
the regional silvicultural context, this volume can be harvested sustainably from 1.0 to 1.5 
hectares of Scots pine coppice-with-standards woodland, an established annual yield on the 
Arenosols of Brandenburg33. 
 

Seasonal Operational 
Phase 

Allocated Labor Hours Execution Window in 
Agricultural Calendar 

Clay Prospecting and Bulk 
Extraction 

120 hrs Late Autumn 
(October–November, prior 
to ground freezing)3. 

Clay Frost-Weathering, 
Slaking & Sieving 

160 hrs Early Spring (March–April, 
post-thaw)12. 

Grog Preparation, Sand 
Sieving & Wedging 

100 hrs Spring (April–May)12. 

Wheel Throwing, Handle 
Pulling & Trimming 

280 hrs Late Spring / Early Summer 
(May–June)6. 



Sand-Bed Desiccation 
Management 

60 hrs Summer (June–July, 
ambient sun/wind drying)12. 

Glaze Compounding (Ash 
Washing, Slip Blending) 

80 hrs Mid-Summer (July)40. 

Fuelwood Felling, Splitting & 
Stacking 

100 hrs Winter / Early Spring 
(Integrated with forestry 
tasks)33. 

Kiln Loading, Firing (12 
Runs) & Maintenance 

80 hrs Late Summer / Early 
Autumn 
(August–September, 
pre-harvest)57. 

TOTAL ANNUAL POTTERY 
LABOR 

980 Person-Hours Equivalent to ~0.5 full-time 
specialized labor allocation 
across the community. 

Regional Ceramic Integration 
The long-term cultural and nutritional stability of an agrarian settlement operating without 
industrial inputs requires the conversion of surrounding geological and biological resources into 
functional material culture12. In the Berlin-Brandenburg basin, agricultural soil ratings are low 
(25 to 40 points on the Ackerwertzahl scale), yet the post-glacial geology provides raw mineral 
assets: workable illite-kaolinite clays in the varved beds of Zehdenick, pure quartz sands for 
body tempering and friction-free drying beds, and resilient Scots pine forests that yield high 
thermal energy4. 
By adapting the regional technical traditions of Bunzlau, Görzke, and the Spreewald—rejecting 
unstable, low-temperature lead glazes in favor of high-fired native clay slips (Lehmglasuren), 
washed wood-ash glasses, and atmospheric salt vapors—an expanding agrarian community 
secures an unbroken chain of food safety and culinary culture6. 
The resulting domestic table and communal kitchen are furnished not with porous, 
contaminating earthenware, but with fully vitrified stoneware: chemically inert, impermeable to 
organic acids, and engineered to endure generations of culinary service and lactic acid food 
preservation12. 
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