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By Robert P Multhauf

MINE PUMPING IN AGRICOLA'S TIME
AND LATER

Coins are a source of information much used by his-

torians. Elaborately detailed mining landscapes on 16th-

century German coins in the National Museum^ discovered

by the curator of numismatics and hi ought to the author s

attention, led to this study of early fnine-pumping devices.

The Author: Robert P. Multhauf is curator of

Science and Technology', Aiuseum of History and
Technology', in the Smithsonian Institution s United

States National Museum.

THE HABIT of heavy reliance on a single source

for the substance of the history of Medieval

and Renaissance mining techniques in Europe has

led to a rather drastic over-simplification of that his-

tory, a condition which persists tenaciously in the

recent accounts of Parsons, Wolf, and Bromehead.'

Our preoccupation with Agricola, who has been well

known to the English-language public since the

Hoovers' translation of 1912, seems to have in-

hibited the investigation of the development of the

machines he describes so elegantly. More seriously,

the opinion that mining techniques remained essen-

tially the same for a century or two beyond his time

appears to have hardened into a conviction."

' VV. B. Parsons, Engineers and engineering in the Renaissance,

Baltimore, 1939. Abraham Wolf, A history of science, technology,

and philosophy in the 16th and 17th centuries. New York, 1935; and
A history of science, technology and philosophy in the eighteenth cen-

tury, London, 1938. C. M. Bromehead, "Mining and quarry-

ing to the seventeenth century," in Charles Singer and others,

A history of technology, vol. 2, Oxford, 1956.

- .\ccording to Parsons (o/». cit., footnote 1, p. 629) the intro-

duction of machinery worked by animals and falling water,

"radical improvements" of the 15th century, fixed the devel-

opment of the art "until the eighteenth, and, in some respects,

even well into the nineteenth century." Wolf in his History of

science . . . in the eighteenth century (p. 629, see footnote 1)

agrees, saying that "apart from [the steam engine] mining
methods remained [during the 18th century] essentially similar

to those described in Agricola's De re metallica." Bromehead
(op. cit., footnote 1, p. 22), in referring to the date 1673 also

sees "no appreciable change in methods of mining since

Agricola."

The history of the technology of mining, as dis-

tinguished from metallurgy, is largely a history of

mechanization, and thai mechanization has until the

last century consisted principally in the development

of what Agricola calls tractonae—hauling machines.

That hauling machines of some complexity, .\rchi-

median screws and a kind of noria, were used by the

Romans for dewatcring mines has been known for

.some lime. Evidence of the survival of this tech-

nology beyond the fall of Rome remains to be found,

and it is generally agreed that mining activity de-

clined through the first iniiicnium. The revival and

extension of mining in the central European areas of

German settlement is thought to have occurred from

the 10th century, with an intensive development of

the region known to Agricola (Erzgebirge) in the

13th century.'

This revival appears to have paralleled in general

the political and cultural revival, but, as in any

mining region, the exhaustion of easily workable

surface deposits marked a critical point, when the

necessity of deeper mining led to the construction of

supported tunnels and the introduction of machinery

for removing ores and water from deep mines. On
the basis of revi.^ions cf capital structure and mining

law which he regards as inspired by the financial

necessities of deep mining, Bechtel dates this develop-

' Parsons, op. cit. (footnote 1), p. 179. T. A. Rickard, .\lan

and metals, New York. 1932, vol. 2, pp. 519-521
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Mine-Pumping Machinery Illustrated By Brunswick Multiple Talers

These large silver coins weighing up to 1 5 ounces were

first issued in 1574 in Brunswick by Duke Julius (1568-

1589) of the VVolfcnbutlel line. Their historical back-

ground is rather unusual and interesting.

In 1570 the Duke decided to increase the output of his

silver mines in the Hatz and arranged for the opening of

three new mines. In order to insure the retention of a

portion of this increased silver output under his control,

the Duke decided to issue an entirely new kind of silver

coin which he called "Loescr," meaning redeemer. These

were larger than taler-size pieces, and were struck in

denominations from 1'^ to 16 talers. The Duke ordered

that each of his subjects was to purchase one of these

large coins, the size of the coin to be acquired depending

on the individual's wealth. The owners were not allowed

to use these pieces in everyday trade, but could pawn

them in case of dire need. They were expected to produce

them at any time upon demand. Tints a means of hoard-

ing, a "treasure piece," was created, and die risk of

draining the country's wealth through replacement of

good, full-weight silver coins with imported base cur-

rency was to some extent limited. At the same time, the

Duke had a considerable sum of money at his disposal

in case of emergency.

Similar Loesers were issued up to 1688 by different

rulers of Brunswick. Some of the later issues arc com-

memorative in character and might have sers'cd for

presentation purposes. The workmanship of the majority

is exquisite. They portray personages real and ideal

and ornate coats of arms, in addition to the elaborate

mining landscapes shown here. The U.S. National

Museum is fortunate in having a number of examples

through the generosity of Mr. Paul A. Straub.

For calling my attention to these coins, and for other

invaluable assistance, I am indebted to the former curator

of the numismatic collections of the U.S. National

Museum, the late Stuart Mosher, and to the present

curator. Dr. V. Clain-Stefanelli.

Figure i shows an overshot waterwheel driving through

Stangenkunsten pumps in three separate shafts, each

covered by the typical conical shaft house. It is possible

that these shaft houses also cover horse whims used to

operate bucket hoists such as that shown in the lower

center. A house with three chimneys in the background

may be the smelter. The horse over whose head the

Deity holds a wreath is a symbol of Lunebcrg.

mcnt from the inid-14th century.^ The mid-Hth

century situation is confused by the occurrence of

the Black Death, which reduced mining activity

drastically, and the events of which Rechtel speaks

have been put as much as

a century later.* In any

case, the development of

deep-mining methods had

< Hcinrich Bechtcl, Wirlschajl-

stil des deulschen Spaimiltdaltns,

Munich, 1930, pp. 202-203.

Bechtel calls this one of the

most revolutionary industrial

developments of the midtlle

ages.

' Rickard {op. cit., footnote 3,

pp. 547-554, 561) also speaks

of a decline through the ex-

haustion of surface deposits, but

dates the revival 1480-1570.

He supports this conclusion by

statistics on the leading mine

at Raminelsbcrg, which was

unproductive from the Black

Death (1347) to 1450, and only

slightly active before 1518.

clearly made considerable progress in nonferrous

mines when the De re metallka was written, in 1556.

For a detailed description of the mechanical equip-

ment of this era we are largely indebted to Agricola.

He classifies hauling ma-

chines into four types; the

ordinary bucket windlass,

the piston (suction) pump,

the chain of dippers, and

the rag and chain pump.

.Although the first three had

been known in antiquity,

and the last perhaps a cen-

tury before his time," their

Figure i.

—

Brunswick Silver 3's Taler, Johann

Friedrich, 1677. (U. S. .Xtilionat Atusfum, Paul A.

Straub coll.; Smithsonian photo 43334-C).

• According to F. M. Fcldhaus

{Die Technik. I^ipzig and Berlin,

1914, p. 833.), a manuscript il-

lustration of this type of pump,

wliich he calls SchOpfkolbcn-

kcttc, appears in the Mariano

Ck)dcx latinus 197, B. 180,

dated 1438, in the Munich

Hofbibliothck.
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Figure 2.

—

Brunswick Silver iji Ialer, Ernst

August, 1688. {U. S. National Afuseum, Paul A. Straub

coll.; Smithsonian photo 43334-^.)

use in mining would appear to dale I'roiii the mid-

14lh century or later. His is not an historical account,

and one who attempts to compare it with others of

contemporary or later times encounters a difliculty

in his use of descriptive Latin names rather than the

common German names used by most others. English

and German editors have interpreted them as

follows:
''

Latin



(Lautenspielerin) refers to the Lautcntal mine. A
Stangenkiinsi (fig. 7) existed here as recently as 1930.

The mines shown in figuies 1-3 are in the Harz region.

I'igurcs 4 and 5 show the St. .Xnna mine in the Erzgc-

birge, near Freiberg, as iUustrated on a medal in the

Brunswick museum. Prominent in figure 4 is an aque-

duct, one function of which is to supply a walcrwheel in

the house below, which in turn delivers power through

the Stangenkimst to two open shafts. The reverse

(fig. 5), an unusually fine view of the inner workings of

a mine, shows, above ground, a t\pical horse whim
driving a bucket windlass. Below ground is shown a

crank-driven piston puinp typical of those driven by

Stangenkunst. In this case, however, it is driven by

an underground vertical treadmill.

is the case with the Kehrrad, a bucket windlass

driven by a reversible waterwheel which Agricola

describes as his largest hauling inachine.'"

'"Agricola, op. cil. (footnote 7), ed. Hoover, p. 199. His

contemporary and fellow-townsman Mathesius equates the

Kehrrad to the Bulgenkunst [Sarepla, p. 145, Nurnberg, 1571).

According to Veith {op. cil., footnote 8, p. 286), Sebastian

Miinster in his Cosmographei ... (p. 381, Basel, 1558), had

previously mentioned its use in the mines of Meissen; and its

introduction has been put as early as 1500 by Otto Vogel

("Christopher Pohlem und seine Beziehungcn zum Harzcr

Bergbau," Beilrdge z"r Gescliichle der Technik und Industrie, 1913,

vol. 5, p. 324.)

Figure 3.

—

Brunswick Silver 4 Taler, Ernst

August, 1685. {U. S. National Museum, Paul A.

Straub coll.; Smithsonian photo 43334--4.)

Agricola describes 23 hauling devices of these four

types, the diversity resulting generally from the

application of three types of prime movers, men,

horses, and waterwheels, and in the endowment of

each in turn with a mechanical advantage in the

form of gearing." Although he does not specify

clearly the relative importance of the various pumps,

the majority (13) use man as the prime inover. He
speaks of the advantages of some, noting that the

horse whim has a power two and a half times that of

the man windlass, and emphasizing the even greater

power available in flowing water "when a running

stream can be diverted to a mine." The most

powerful machine then in use for deep mines ap-

pears to have been the horse-powered rag and chain

pump.

Such, then, were the important luining machines of

this early period of deep mining, according to the

leading authority. But did they continue, as has

Ix-cn claimed, to be the only important machines of

the subsequent century? G. E. Lohneyss," \\Titing

a little over a half century after the publication of

De re metallica, declared:

The old miners [altcn Berglcutc] had Hcintzcn, Kcrratt,

Bulgenkunst, Taschen-kunsi, Pum(H-n, with which one

lifted water with cans on pulleys or with a treadmill; and

Figure 5.

—

Reverse or Medal shown in figure 4.

{Photo courtesy of Stadtisches Museum, Braunschweig.)

" Agricola, op. cil. (footnote 7), cd. Hoover, pp. 160-199.

" G. E. Lohncyss, BrrichI ran Bergwrrktn, 1619?, n. p., p. 3.
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mentions the use of the Fcldkunsi.

which term signified the extended rods,

as having been known in 1565.

The disadvantage of moving the

weight of a long extension of rods was

obviated, during the 17th century,

through the use of a double set of

balanced rods, resembling a panto-

graph. At some later date the horse

whim was fitted with a crank and

adapted to the Stangenkunst,'" thus

permitting the establishment of a veri-

table power network, as suggested in

figure 1.

The Freiberg mine director Martin

Planer reported in 1570 the installation

since 1557 of thirty-eight "Kunsten und

Zeugen" in mines under his charge.

That these were water-powered ma-
chines is clear from his remark that

their cost was only 10 to 20 percent

that of "Pferden und Kncchten." '"
It

is likely that many if not most were

Stangcnkunsten, for mining treatises of

the 17th and 18th centuries testify to

the continuous extension of this mecha-

nism.'*

Perhaps the most striking evidence

of its importance is its representation

on the illustrated coinage of the 17th century. These

multiple talers (figs. 1, 2, 3), happy products of the

ingenious fiscal policies of the Dukes of Brunswick,

picture mining activity in the 17th century no less

elegantly than do the woodcuts of De re metallica a

century earlier. The Stangenkunst received its most

spectacular application in France, in its application

to the driving of the second- and third-stage pumps
in the famous waterworks at Marly (1681-88), but

'" I have been unable to find an early reference to this

innovation, which appears in a sketch of 1784-85 iUustrating

Conrad MaLschoss', "Die Maschinen des deutschcn Berg- und
Huttcnwescns vor 100 Jahren," Beitriige cer Geschichle der Technik

und Industrie (1909), Band I, p. 7. Its introduction may be

connected with the appearance of the term Rosskunst for the

horse windlass, known earlier as the Gopel.

" "Bericht des Ber^erwalters .Martin Planer ilbcr den Stand

des Freibcrger Bcrgbaues im Jahre 1570,"' ed. R. Wenijler,

Millheitungen Freibnger Allnlumstrrein, 1898, vol. 35, pp. 75- 83.

" The description of the Stangenkimst in its various modifica-

tions is one of the chief topics of the prenously cited work of

Calvor (footnote 15), and from his and other references it is

clear that the subject was also treated extensively by such

earlier writers as Lohneyss (1617) and Rossler (1700).

Figure 7.

—

Feldgestange (Sta.ncenkl'.nst) Near
Lautent.\l. From C. Matschoss, Technische Kul-

turdenkmal, Munich, 1932.

its real importance is better illustrated in central

Europe, by the many descriptions and drawings

showing its use in the mines, driving machinery as

distant as a mile '' from the source of power.

It seems, therefore, that Lohneyss" "old miners"'

were those described by .Agricola, and that the mine-

hauling machinery u.scd in central European mines

changed in the century after him far more than has

been recognized.-'' This thesis may further cast

some light on other technological questions. The

'» Fritsche and Wagenbreth, op. cil. (footnote 14), p. 112.

'" The hauling of ori-s, as opposed to water, seems to have

remained as shown by .Vgricola tmlil the end of the 17th cen-

tury. In 1694, however, the famous .Swedish engineer Chris-

topher Polhem built at Falim a waler-powere<l conveyer

s>-stem which brought the ore from the point of origin in the

mine to the smelter in a single operation, terminating with

tlic automatic imloading of the buckets (Vogel, op. cil., foot-

note 10, p. 306).
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Figure 8.

—

The Waterworks at Marlv-le-Ro!, on the Seine River, Built in 1684 to Supply the Fountains at the Roval

Palace at V'erseilles. From a print by dc Fcr, 1705. {Smithsonian photo 45593.)

connection between the urs;cncy of the problem of

mine drainage in England, and the invention of the

steam engine, has often been suggested.^' Perhaps

the "backwardness" of Germany in steam-engine

experimentation, and later in the introduction of the

Newcomen engine, was to some extent due to tlie

adequacy of existing machinery to meet the problem

of mine flooding, for it is not clear that this problem

existed on the continent. ^^

-' Dickinson, H. VV., A short history oj the steam engine, New
York, n. d., p. 3.

22 In 1673 Edward Browne visited Hungary and the Erzgc-

birge. His report on the trip, A briej account oj some travels in

diverse parts oJ Europe (2nd cd., London, 1685, p. 170), says

little about machinery, but does not mention Hooding as a

serious problem. Of an 84-fathom mine called AufT der

Halsbrucker, near Freiberg, he says "'they arc not so much
troubled with water, and have very good engines to draw

A comparison of the technic]ues described by

Agricola with those of a century later sugsresls that

this was a century of significant progress in that

earlier industrial revolution described by Mumford
as his "Eotechnic phase," characterized by "'the

diminished use of human beings as prime movers,

and the separation of the jjrocluetion of energy from

its application and immediate control."^'

water out." Yet the chain of dippers and rag and chain pump
were evidently fallen into disuse, as they do not appear among
the mining machines reported by Fritschc and VVagcnbreth

as having been described by Lohneyss (1617) or Rossler

(1700); and Fritschc and Wagenbreth declare that German
hydraulic machinery was able to compete with the steam

engine in mine dewatering for some time into the 19th century

(op. cit., footnote 14, pp. Ill, 112).

^ Lewis Mumford, Technics and civilization, New York, 1934,

p. 112.
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