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Abstract

Thomas Morel’s Underground Mathematics reconstructs subterranean geometry, or Markscheidekunst, as
a neglected form of practical mathematics developed in the mining regions of the Holy Roman Empire.
Morel presents mine surveying as a craft culture in which measurement, legal procedure, manuscript
practice, map-making, and administrative record-keeping jointly made the underground knowable. This
review reads the book through technical language, representation, and trust. Its central claim is that hidden
subterranean space became measurable, legible, and usable through situated procedures and records.
Surveying rituals, handwritten manuals, maps, and administrative documents did not merely record
technical practice, they helped define what counted as reliable knowledge within mining communities. For
readers concerned with technology and language, the book is valuable because it shows how authority
emerged through the interplay of vocabularies, instruments, numerical measurement, visual forms, and
legal-administrative procedures. The book is therefore important for historians of mathematics, mining, and
craft culture, as well as for readers interested in how technical practices generate legibility, authority, and
trust. Although Morel could have developed more explicit reflections on technical language, visual
mediation, and the geographical boundaries of subterranean geometry, Underground Mathematics remains
a compelling study of how measurement, inscription, and visualization transformed hidden subterranean
spaces into objects of knowledge, judgment, and administration.
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AHHOTanus

Kuura Tomaca Mopenst Underground Mathematics peKOHCTPYHPYET MOA3EMHYIO T'€OMETPHIO, WU
Markscheidekunst, xak 3a0bITyt0 (POpPMY TPAKTHUCCKOW MATEMATHKH, CIOKHUBIIYIOCS B TOPHOPYIHBIX
peruonax CesmeHHoN Pumckoit ummepun. Mopens npeacTaBiseT MapKIIeHaepckoe [eno Kak
PEMECICHHYI0 KYJIbTYPY, B KOTOPOW W3MEpPCHHE, IPABOBHIC IPOLEAYpPHI, PYKOIUCHAs IPAKTHUKA,
COCTaBJICHHUE KapT U aJMHHUACTPATHBHOE ACTIOMPON3BOICTBO COBMECTHO JICNAIH ITIOA36MHOE IIPOCTPAHCTBO
MO3HAaBaeMBIM. B HacTosIedl peneH3nr KHUTa PacCMaTpUBACTCS depe3 MPU3MY TEXHHYECKOTO SI3bIKa,
penpe3eHTanuu 1 1oBepus. Ee meHTpabHBIA Te3UC COCTOUT B TOM, YTO CKPBITOE MO3eMHOE IPOCTPAHCTBO
CTaHOBHJIOCH HM3MEPHUMBIM, YHUTAEMBIM M TPUTOAHBIM IS WCIIONB30BaHHS OJarojmaps CHTYaTHBHBIM
MpoIeIypaM U 3amucsaM. PuTyanbl n3MepeHus, pyKOIHCHBIE PYKOBOJCTBA, KAPTHl U aJJMHHUCTPATHBHEIC
JIOKYMEHTBI He POCTO (PMKCHPOBAIH TEXHUYECKYIO ITPAKTHUKY, OHU TOMOTAIIH ONPEJIENSATh, YTO CYUTAIIOCH
HAJIC)KHBIM 3HAHHEM BHYTPH TOPHOPYAHBIX CO00IIeCTB. JIJIs ynTaTenei, HHTEPECYOUMXCS TEXHOIOTHIMU
U SI3BIKOM, KHUTA IIEHHA T€M, YTO MOKa3bIBaeT, KaK aBTOPUTET BO3HMKAJT BO B3aMMOJCHCTBHUM CIIOBApeH,
HHCTPYMEHTOB, YHUCJIIOBOTO M3MEPCHNUA, BU3YyaJIbHBIX (l)OpM 1 MPAaBOBBIX-aIMUHUCTPATUBHBLIX MPOLCAYDP.
HO3TOMy KHHUT'a BaXHa JJId UICTOPHUKOB MaTEMaTUKU, TOPHOTO A€jIa U peMecneHHoﬁ KYJbTYPBbI, 4 TaKXKE
JJIsL III/ITaTeJ'IeI‘/’I, HHTEPECYIOMINXCA TEM, KaK TEXHUYCCKUC NMPAKTUKHU MTOPOKIAAOT YUTAEMOCTh, aBTOPUTET
u joBepue. XoTs Mopenb Mor Obl Ooiee MOAPOOHO Pa3BUTH PA3MBIIUICHUS O TEXHHUYECKOM S3BIKE,
BU3YaJIbHOM TIOCPEAHHYECTBE M TeorpadUieckux TpaHHIAX NOJ3eMHON reomerpuu, Underground
Mathematics octaercsi yOSOUTEIBHEIM HCCIEIOBAaHHEM TOTO, KaK M3MEpEHHE, 3aliCh W BH3YyAIH3aIlUsd
MPeBpaIaId CKPHITHIEC TTOJ3¢MHbBIE POCTPAHCTBA B OOBEKTHI 3HAHUS, CYKICHUS U YIIPABICHUS.
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When Johann Wolfgang von Goethe entered the service of the Duchy of Saxe-
Weimar in 1776, one of his first administrative charges concerned mining. For years he
directed the commission responsible for reviving the abandoned silver and copper mine
at [lmenau, descending its shafts, examining its rocks, and corresponding with surveyors
and mining officials. The mineral world never released him: his house on the Frauenplan
in Weimar still holds one of the largest private mineral collections of the age, nearly
18,000 specimens, and the iron oxide mineral goethite bears his name. “Rocks are mute
teachers,” he reflected in Wilhelm Meister’s Journeyman Years; “they render the observer
mute, and the best thing one can learn from them is to keep one’s counsel” (Goethe,
1829/1995). The aphorism names a real difficulty: the underground does not speak, and
what it teaches resists ordinary communication. Yet the mining administrator in Goethe
knew that silence could not be the last word. Mines had to be measured, mapped,
recorded, and adjudicated; the muteness of stone had to be converted into numbers, lines,
and documents that others could read, check, and trust. How early modern mining
communities accomplished this conversion is the question at the heart of the book under
review.

Thomas Morel’s Underground Mathematics: Craft Culture and Knowledge
Production in Early Modern Europe studies a technical practice whose object resisted
ordinary visibility (Fig. 1). Subterranean geometry, or Markscheidekunst, dealt with
shafts, tunnels, ore veins, property boundaries, and underground routes that could not be
inspected directly from the surface (Morel, 2023, p. 5). To measure the underground was
therefore more than applying geometry to a difficult environment. It meant transforming
a hidden and unstable space into relations that could be recorded, communicated, disputed,
and administered. This is the sense in which Morel’s book may be read as a history of
“measuring the invisible.”

The book makes an important contribution to the history of practical mathematics,
early modern mining, and craft knowledge. Its achievement lies in shifting attention away
from learned geometry as an abstract discipline. Morel focuses on the situated practices
through which miners, surveyors, officials, teachers, and administrators made
mathematical knowledge work. Morel shows that underground surveying developed
within the legal, ritual, pedagogical, and administrative worlds of mining (Morel, 2023,
p. 6). It was embedded in legal procedures, rituals of witnessing, manuscript practice,
cartographic representation, and administrative documentation. Geometry, in this account,
functioned as a practical means of establishing boundaries, evaluating claims,
coordinating work, and producing trust.

The book is especially valuable for showing how technical authority depends on
forms of representation. The underground became knowable through a chain of
mediations. Instruments converted direction and distance into measurable relations,
vocabularies named operations and roles, manuscripts preserved procedures, maps made
inaccessible spaces visible, and records turned technical operations into recognized
evidence. Morel’s study therefore presents subterranean geometry as a culture of
inscription as well as calculation.

Viewed as a study of early modern technical mediation, Underground Mathematics
shows how mining communities converted physical environments into measurable
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relations, preserved procedures and results in written and visual forms, and used these
records to support decisions. Measurement, language, image, and record remain concrete
practices through which a subterranean world became legible, credible, and
administratively usable.

Underground Mathematics

Craft Culture and Knowledge
Production in Early Modern Europe

Thomas Morel

Figure 1. The book*s cover of” Underground Mathematics: Craft Culture and
Knowledge Production in Early Modern Europe by Thomas Morel

A central strength of Underground Mathematics 1is its refusal to treat subterranean
geometry as a simple application of learned mathematics to mining. The German term
Markscheidekunst, usually rendered as the “art of setting limits,” already indicates the
social and technical work performed by this discipline. It referred to the measurement of
mining concessions, the orientation of shafts and galleries, the tracing of underground
routes, and the management of spatial uncertainty in metal mines. Morel’s account
therefore begins from a kind of mathematics whose value lay in use: it helped mining
communities establish boundaries, plan underground work, and coordinate operations.

This emphasis allows Morel to move beyond the familiar narrative of mathematics
entering technical life from outside, as learned principles later applied to practical
problems. In the mining regions of the Central European Holy Roman Empire, geometry
emerged within a dense setting of local customs, legal rights, material constraints, and
administrative needs. Its authority depended on calculation, procedure, and recognition.
Surveying had to be performed in recognizable ways, witnessed by relevant actors,
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recorded in appropriate forms, and accepted by the community (Morel, 2023, pp. 53-60).
The book is especially persuasive when it shows that mathematical practice acquired
force through procedures that made technical results socially and legally recognizable.

Morel’s discussion of learned authors such as Agricola and Reinhold is important
for this argument. Their printed works helped make mining visible to scholarly readers,
yet also reveal the limits of treating textual description as transparent evidence of practice.
Morel treats these authors as evidence of the distance between learned reconstruction and
craft procedure (Morel, 2023, pp. 22, 46-49). This move redirects attention from
mathematics as a formal discipline to situated work, performed with instruments,
articulated in miners’ language, stabilized through custom, and mobilized in decisions
about property, labor, and administration. It also prepares the book’s central themes:
manuscript practice, cartographic visualization, and measurement as a procedure for
producing trust.

A further achievement of Underground Mathematics lies in its treatment of craft
knowledge as a representational practice. Morel places miners and surveyors at the center
of a history too often dominated by scholars. He reconstructs the forms through which
their knowledge was inscribed, taught, checked, and authorized: technical vocabularies,
measuring procedures, instruments, sketches, manuscripts, maps, and administrative
records. The book therefore avoids a narrow opposition between learned theory and tacit
practice. Mine surveying was rooted in experience and embodied skill. At the same time,
it depended on written, visual, and procedural forms that allowed technical operations to
be taught, repeated, inspected, and authorized.

This point matters because craft knowledge is often associated with locality, orality,
and resistance to formalization. Morel’s surveyors complicate that picture. They worked
in mines and on the surface, but their authority also took shape on paper and in drawings.
Their expertise had to operate across settings: underground galleries, mining offices,
apprenticeship contexts, local disputes, and courtly or state administration. In this
movement, knowledge changed form. A measurement became a note, a route became a
line, a procedure became an instruction, and a dispute became a record. Morel’s account
is persuasive because it follows these transformations while keeping them anchored in
the material and social conditions of mining.

The book is especially valuable because it shows that representation belonged to
technical practice itself. Technical vocabularies named operations and roles, diagrams
and plans condensed spatial relations, manuscripts preserved methods, and documents
gave measurements institutional weight. In this sense, Morel presents subterranean
geometry as a technical culture organized around acts of representation.

This approach gives the book much of its historiographical significance. By placing
practitioners at the center, Morel does not romanticize craft knowledge as an alternative
to scholarly knowledge. Instead, he shows how practical expertise developed its own
standards, forms of inscription, and procedures of validation. The underground surveyor
appears neither as an anonymous manual worker nor as a minor version of the learned
mathematician. The surveyor appears instead as a technical actor whose authority
depended on connecting measurement, language, image, and record. This is where
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Underground Mathematics speaks most directly to questions of technology and language:
it shows how a craft became a durable technical tradition through forms of representation.

One of the most suggestive parts of Underground Mathematics is its treatment of
manuscript practice. Morel shows that the handwritten tradition of subterranean geometry
was not a marginal survival from a pre-print world. It was one of the principal working
forms through which underground surveying developed as a technical practice. In this
setting, manuscripts did not merely preserve knowledge after the fact. They shaped how
methods were organized, taught, copied, corrected, and authorized.

The central figure here is Balthasar Rosler, through whom Morel reconstructs a
seventeenth-century scribal culture of technical instruction (Morel, 2023, pp. 119-123).
Rosler and his students did not publish treatises in the manner of learned mathematicians.
Their techniques were copied, taught, and maintained through handwritten books that
described tasks, instruments, diagrams, and procedures. Morel makes this point concrete
through Adam Schneider’s Rosler-derived manuscript, in which the apprentice is led from
instruments to calculation and then to record-keeping. The measuring chain, suspended
compass, and semicircle are not presented as isolated tools, but as parts of a sequence that
turns an underground route into measurable data. The right triangle, called the “master of
mathematics,” translates the inclined chain into horizontal and vertical components, while
the Grubenzug records each pull of the chain as a line of data including length, inclination,
and direction (Morel, 2023, pp. 121-128). Even small procedural details are revealing:
the surveyor is instructed to check his writing table while the magnetic needle settles, and
then to repeat the observation before entering the result. Such manuscripts allowed
techniques learned in mines and offices to be passed on to new practitioners while
remaining tied to the craft world that gave them meaning.

This account is important because it challenges the assumption that print necessarily
represented a more advanced form of technical instruction. In Morel’s narrative,
manuscript culture appears as flexible, selective, and closely adapted to practice-bound
instruction. A manuscript could be copied for a student, adjusted to local circumstances,
supplemented by drawings, and kept within a circle of trusted users. Its authority rested
less on public authorship than on recognized training, experience, and use. It depended
on the reputation of teachers, the credibility of experience, and the ability of the text to
guide recognizable operations.

The case of Nicolaus Voigtel further clarifies this point. His Geometria subterranea
gave printed visibility to material that had long been shaped by manuscript practice
(Morel, 2023, pp. 138-143). Yet Morel avoids a simple story in which print replaces
manuscript or secrecy gives way to openness. Even after Voigtel’s book, becoming a
competent surveyor still required training, practice, and access to a professional culture
that could not be fully captured by print. The issue is not that manuscripts were more
“authentic” than printed books, but that manuscript and print supported different forms
of technical authority.

Morel’s discussion of manuscript culture deepens the book’s larger argument about
knowledge production. Technical knowledge became stable when writing was embedded
in practices of teaching, copying, correction, authorization, and use. Handwritten
manuals, copied diagrams, and administrative registers made technical operations durable
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without making them fully public. In this sense, manuscripts were working instruments
of instruction and authorization rather than passive containers of subterranean geometry.

If manuscript practice made subterranean geometry teachable, maps made the
underground visually available for comparison, planning, and judgment. Chapter 5 is
therefore central to the argument of Underground Mathematics. Morel treats mining maps
as instruments for rendering the underground intelligible, rather than as illustrations
appended to technical practice. Shafts, galleries, veins, concessions, and drainage works
were transformed into lines, sections, scales, labels, and spatial relations. The result was
a visual language capable of making hidden structures available to people who could not
inspect them directly.

The example of Johann Berger’s Freiberga subterranea is especially important.
Morel presents it as an ambitious cartographic undertaking grounded in subterranean
geometry and shaped by Abraham von Schonberg’s administrative ambitions. Berger’s
drafts make the technical work of mapping unusually visible. Before the map became a
pictorial representation of underground space, the path of a gallery was constructed from
numbered data points; in the draft plan of the Holy Father gallery, for instance, the “angles
of this gallery” were listed and points such as 5, 10, and 15 were marked for clarity, while
figurative lines indicating the gallery, hut, and winch were added afterwards (Morel,
2023, pp. 167-168). This example shows that the map was not simply an image of the
mine, but a working surface on which measured data could be organized, checked, and
used. Its significance therefore lies not only in its detail, but in the work it was meant to
perform. It allowed routes, pits, and prospective works to be compared within a coherent
view of a mining district. The map was both a representation of underground space and a
tool for planning and administrative judgment.

Morel is particularly good at showing how such visual forms acquired authority.
Mining communities had long relied on direct inspection, local testimony, written reports,
and repeated measurements. A map acquired force only when it could be read alongside
these older practices. It required conventions of reading, confidence in surveying
procedures, and administrative support. This is why the political setting of Chapter 5
matters. The rise of mining cartography was linked to efforts to reform, supervise, and
finance mining operations. Visualization was therefore closely connected to
administrative supervision.

The force of Morel’s analysis lies in his refusal to treat maps as transparent windows
onto the underground. They were selective constructions designed for use. Their value
depended on what they made visible and what they simplified. A technical map
condensed complex underground relations into a form readable by surveyors, officials,
investors, and rulers. It organized the mine as an object of judgment, rather than merely
reproducing it. This makes the chapter one of the strongest parts of the book: it shows
with particular clarity how visual representation could transform uncertainty into a basis
for decision.

There is, however, a small tension here. Morel’s discussion makes clear that maps
were crucial to the history he reconstructs, yet the visual materials themselves are not
always easy for readers to examine in detail. Since the argument depends heavily on
cartographic mediation, larger or more legible reproductions would have helped readers
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follow the technical work performed by these images. This does not weaken the argument,
but it does show how much a history of visual knowledge depends on the visibility of its
own evidence.

Overall, the chapter on mapping gives the phrase “measuring the invisible” its most
concrete form. The underground became knowable because it could be drawn, scaled,
annotated, compared, and used in planning. Maps converted subterranean space into a
visual field of relations, linking measurement to administration and representation to
decision-making. In Morel’s account, mapping created a form through which hidden
space could be inspected, trusted, and administered.

A further strength of Underground Mathematics is its treatment of measurement as
both technical operation and social procedure. In this context, accuracy was not a purely
internal mathematical value. It mattered because underground surveying was tied to
property, labor, investment, safety, and jurisdiction. A measurement could determine
where a concession began, whether a gallery crossed a boundary, how underground work
should proceed, or whether a technical claim could receive administrative recognition.
Numbers acquired force when they were produced and received through recognizable
procedures.

The ritual and legal dimensions of Markscheidekunst are therefore central to
Morel’s account. Morel shows that mine surveying combined instruments and calculation
with public acts, witnesses, local customs, written confirmation, and institutional
acceptance. A mathematically correct measurement became trusted only when it was
performed in a recognizable and accepted manner. The authority of subterranean
geometry thus depended on a sequence of actions through which technical results became
socially recognizable.

Measurement produced trust through procedure. Instruments generated readings,
surveyors interpreted them, witnesses and officials confirmed the act, and documents
preserved the result. Maps and records then allowed measurements to be checked,
recognized, and used. Morel’s point is that reliability in early modern mining was built
through linked technical, social, and documentary operations.

The book’s larger significance lies in showing how technical authority emerged
where measurement, documentation, and institutional recognition met. Mining
communities needed reliable numbers, but they also needed shared vocabularies, accepted
forms of documentation, and procedures for resolving disagreement. Subterranean
geometry became powerful because it transformed uncertain spatial relations into claims
that could be checked, disputed, certified, and used.

This also explains the significance of the book’s religious and ceremonial materials.
Sermons, rituals, and public acts of witnessing might seem peripheral to mathematics.
Morel shows that they belonged to the moral and social world in which mathematical
practice gained legitimacy. Geometry was associated with precision, fairness, order, and
legitimate procedure. In mining communities where economic interests and spatial
uncertainty were deeply intertwined, measurement became part of the broader moral and
social order of mining.

Seen from this angle, one of the book’s most valuable achievements is to make trust
visible as an achievement of procedure, documentation, and institutional judgment. The
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underground became knowable through the coordination of instruments, maps,
manuscripts, testimony, and administrative judgment. It became credible through
procedures that connected measurement to testimony, inscription, visualization, and
administrative judgment. Morel’s history of subterranean geometry is therefore also a
history of how technical evidence became acceptable within a community.

The strengths of Underground Mathematics also suggest a few further questions.
The first concerns technical language. Morel repeatedly shows that subterranean
geometry depended on specialized terms, practitioners’ vocabularies, and forms of
communication that were not easily accessible to outsiders. These linguistic practices
mattered because they shaped who could learn, explain, authorize, and challenge
surveying practices. Yet the book might have developed this dimension more explicitly.
A more explicit account of technical vocabulary would have strengthened the connection
between language and authority in the history Morel reconstructs.

This is less a criticism of omission than a response to the richness of the materials
Morel presents. Morel gives readers many materials through which language can be seen
at work: the naming of roles and procedures, the translation of craft practice into written
instruction, the tension between learned terminology and practitioners’ speech, and the
movement from local expression to administrative record. These materials invite more
sustained reflection on how technical words stabilized practice and authority. In a culture
where hidden space had to be measured, described, copied, mapped, and certified,
language was part of the practical apparatus through which knowledge became usable.

A second question concerns visual mediation. Morel’s treatment of mining maps is
one of the strongest parts of the book, although the visual evidence is not always easy for
the reader to examine. Since the argument depends on plans, sections, diagrams, and
cartographic detail, larger reproductions or more extensive visual commentary would
have helped readers follow the technical work performed by these images. This does not
weaken Morel’s analysis; it reflects the difficulty of writing a history in which images are
themselves central to the argument.

A third question concerns the conceptual and geographical boundaries of
subterranean geometry. Morel’s decision to focus on the mining regions of the Holy
Roman Empire gives the book its depth and coherence. At the same time, the category of
subterranean geometry remains somewhat difficult to delimit as a historical object. Was
it primarily a German artisanal tradition rooted in Markscheidekunst, or can it also
describe a broader family of quantitative mining practices across regions? Morel’s study
does not need to answer this question exhaustively, but the issue matters because it affects
how we understand the portability of technical vocabularies, procedures, and evidentiary
forms beyond the settings in which they acquired authority.

These questions are modest in comparison with the book’s achievement. They arise
because Morel has recovered a technical culture rich enough to support further inquiry.
A book that reduced subterranean geometry to calculation alone would not raise such
questions. Underground Mathematics raises them because it shows measurement,
language, image, and record working together. Its remaining open questions therefore
point less to weakness than to the generative character of the study. Morel has made a

219
soctech.spbstu.ru



Measuring the Invisible: A Review of Thomas Morel’s Underground Mathematics
“Uszmepenue nesuoumozo: Peyensus na knuey Tomaca Mopens “Underground
Mathematics™”

”;h,
L /Y

&

once-obscure mathematical practice visible. The book also shows why its vocabularies,
images, procedures, and boundaries deserve further attention.
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