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Rock Cleavage Introduction "Tough' and 'easy' rocks

Wedging of rocks as a mdhod of extracting buil ding stone has been used since before the roman period in the antiquity. For many rock

types, especially hard, siliceous rodks, manud wedginghas shown to be a highly efficient method of exfraction, and iz still wsed, even
Simplifiedsketch ¢ cleage in some technically sophisticated quarry operations. R
directions i1 g rante, following The sgitting characteristics of rocks vary significantly, according to rock type and mineralogy, structure, texture and micro-fra cture Granites with excellert sphittirg properties can [SESEE
the arientction of the feldspar pattern within the rocks. Furthermore, even the most isotropic-locking rock will behave differently in different directi ons, sothat there el e e Pk
crystals. The largest surjace of are 'easy’ and 'less- easy’ drections of wedging Optimal extraction of rocksis thus a complicated art! mae Rm N ek e T

e - : - : S s wedge holes only measure 5cm (s& arrow). Bl
cleavage. Skilled quarry workers know' by experience the rocks they are working, and will with time develop locally adapted methods of :

extradion, speciall v suited for 'their rocks. Traces they leave behind can give valual e information about gkills, techn ol ogy and
industrial attitude’. Sometimes, therock itself can help us in understanding such marks, since knowledge of rock propertiesleads to a
better understanding of the people who worked them.

Obvioudly, quamry marks in roman quarries witness a high level f technology and skills, and several authors have investigated and
described roman extraction methods in detail. However, it could be that a geol ogical perspective can contribute to enlighten some of

the unzolved problems related to ancient quamies, for instance which toolswere emp oy ed andwhy the romans didnot develop an
optimal way of wedging hard rocks, but instead continued using oversizedwedges inhard rock quarrying during the whole period.
Thiz poster doesnot intend to present any solutions to sach problems, but show some examples related to rock properties and wedging,
comparing modern and ancient quamies (predominantlyin Egypt) and briefly discuss some aspects we believe coud be valuable for

futureresearch on the suby ect.
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B e : : _ Egypt hes very poar splitting properties. In
| ckavage ina granite. The grarite the roman period, cortinuos groove for
- splis along the deavage and na : : . wadg ing was nead in the primary extradion
W along the contimation of the Tl Ty o e SR P (see armw).
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& TheMons Claudianus 'granite’ has a distind metamorphic
e et Norvey.

foliation which definesthe primary cleavage and thusthe long

axis of the extracted blocks. Flaky grains ofbiotite mica are Rocks may be categorised as 'tough’ or 'easy' according totheir ability to split by wedgng.
orienfed alongthe foliation. This frong anizotropy makes the rock Hard and brittle rocks such as granites can be split by small wedges in shallow holes by
spedally suited for the extraction of pillarsand otherlong format (carefully) creating an even pressure along the wedge line. In softer rocks and other rocks
blocks. The secondary deavage isfound parallel to steeply with poor splitting properties, either larger, 1 onger or more closely spaced wedge holes are
inclined fractures perpendicular tothe foliation. needed. Furthermore, sin ce 'soft’ minerals may be deformed or crushed during wedging,
AN Al N BN N Y TR R g heavy sirokes with sledge hammer s are often necessary to perform the splitting. In some
Rocks behave differently in different drections, due to anizotropic = ey LR S, § B B _ cases, especially for dense rocks with extremely poor sphtting properties, continuous
features such as preferred onientation of minerals and micro- EM I T B S T NN TR R | | | | | groovesare needed.
fractures Thus, the rocks will split befter in some directi ans than g RN : i T L R Che of tre minar quarnes af Mons Cdudians, Lhistrating

others. The best direction far splittingis often referred to as the nE G e R e G

primary cleavage or the rift. The second best drection is called the
second ay cleavage (or grain) and the third bedt is calledthe

ternary cleavage.

Gl‘allityes tend t% have three splitting drections at right angles to RO c ks ! re S p O n S e tO S t re S S il WAME ROCK TYFE | QUARRYING FERICDS | SELITT ING OTH ER

each other, following the orientation of fel dspars and micas and _ _ — 600 - e T iif;‘;ﬁj‘? L e L e
micro-fractures fonmed by solidification of the granitic magma. When stress is applied to rocks, they will ~Rocksmay be grouped inthe following % — Imodex v ection; ] beck ook facilitia tes extraction
Generally, splittingis fairly easy alongall these directions, but can start to deform elastically, folowed bya  order according to their response to stress e ?;i:f:f! Qurm diarite | Moden Moderat ¢ tow eak Foul dews cowona

be difficult at oblique anglesto them. plastic stage before rupture is caused by ~ from 'brittle’ and'strong’ fo "soft’ and 2 wotm Armens e Mors Clasdians | Metamorp Hie | Roman, mode m Gooddorg | Paetues dong folianion and paved
Metam orphic rodks have astronger anisotropy due to the brittle deformation. Different rocks '‘weak' (room temperature at low confining EM" . i S e L e
development of metamorphic foliations, and thus the difference behave differently. Although no direct pressure; from Davies, G. H. 1984 - oot & S o — = ﬁ"”’“"’f” - Jgﬁxﬁmﬁm q; pllzs. I
between cleavage directions can be significant, the 'easied’ being correlation between stress-responce and Structural geology of rocks and regions): e e —— e T o b e L ;ﬁﬁﬁriﬂfﬁ 3
along the foliation splitting properties has been established, = Quartzite ('strongest) o TN e o

For sedimentary rocks, the cleavage directions can be 1 ess obvious, it seems dear that rocks exhibiting a short Granite Mo p arpiwitus | Dicste po rplyry | Roman mode m (19305) | Dese an deswemsly | High bfactured vock extra ciom of I g
but where presentthey tendto follow sedimentary layering, pores transition from elastic to brittle behaviour Quartz-cemented san dstone 1 A : ; i Eﬁ;iﬁ?ﬁﬁiﬁf&ﬁ;ﬁﬁs o
and fractures. are easier to split than rocks which Basalt i s

Stress-drai digram for same rocks, The trmsition from dastic fo Splitting properties forsome Bgyptianrocks
plastic defarm £ian aoctirs wiere the cutve gait fo berd over whist

britile cbformdion is Mdicated at the polrt where the curve move

deform more plastically. Furthermore, the Limestone
more stress involved before reaching the  Calcite- cemented sandstme

elastic-plastic transtion, the "stronger’ Scist downwards. From the diagram, the granite show a more brittle
rock. Marble behav icir than limesioe andmarble. From Robertson, £.1952 - A4
Shalemudstone ("weakest") experimental sudy of fow ard fracture in racks. D thesis, Harvand
Lhinw.
Wedgi f bould d block Extraction f lid rock
Giant boul ders, form ed by weathering, canmonly occur in granite The edge-problem splitting af When blocks haveto be wedged out ofthe solidbedrock without the 'help’ from open
deposits in hot and dry climates Such baulders are favourable for o L R fractures and weathering, some problems arise. Especially, the extraction from deposits
the extraction of buildng stone with simple tools, and were ﬂ; ﬁé’fﬁ;ﬂf W;g}r ?.ﬂ T where haizontal fractures are missingis difficult. One solution is the wedging of horizontal B s TS AR § Skl
appreciatedfor such m ancienttimes as they are today. In many RGBT (gf)' faces simultane oudy with the vertical, as seen in several roman granite quarries. Angles SR G e i o
cases, granite boulders are slighily weathered and easier to sgit Bt e " : _ e i 1L R
. = : g 5’: : close to the edge ofblocks, the betweenthe faces need to be more than 90 degrees, if not parts of the rock mass will be 2 it o ' ] . i
Sl mcl_i. Furihe_:mmre, L cadin Dl G cradk cased by splitting fends 'trapped’ and remain fixed to the bedrock, resulting in unintended breakage ofthe block. R T e TR T i
caused by heating/codling cycles, is often present. Large, locse to crrve towards te block face Furthermore, it is highly important to follow thenatural cleavage directions inthe rock to L R e e SR s g ¥
blocks (f.ex pieces of solid granite betw een natural fractures) are (bottom) + secure a best possible’ result s R e SR T -
worked in dmilar ways as the boulders.

Ag do the modern, the roman quarriesbear witness on many failed attempts of splitting,
where the problem with angles count for a large portion. Inaddition, failure can often be

related toignoration of natural cleavage directions in the rock.

Short (5cm) and narrow wedges placed in a groove (to remove
weathered a looze rock) is sufficient for splitting boulders and

- " blocks of granite. The wedges ae commonly set ina groovein
B & onder to secure that neighbouring wedgesare placed at the same

"Camer prablem' ina Norweg ian g ranite guarry (modant) .
T be sure o abtaiiig Blaks, lorg and wry cloaly

level, and to avoid weathered rock or locse rock along fractures. In SPﬂf-’?f Wﬂ%é hﬂﬁi have ;f;ﬂ ?;ﬂhﬂtfi f;?f‘v‘@? ?mﬁérﬁfﬂﬁﬁ
Giart granie boulders worked w th hammer, roman quanies, quarry marks witness tha roughly the same Erarie easty can be Worked Wit sHort Weages. Stil,
chisel and srort wedges. Southeast of Aswar, e::cl:ractiqnn metlmciiuas?;l modern ones were a gf?ei However, if battom comer of the black remairs fixedto the earack,
Egypt. pp' DN since the arg les between the faces are les than X0 degrees.
metal wedges were used, they must havebeen 'oveasized to their

function, and roman block prodaction must have been far mare

labour demanding than necessary. - .n
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A0 9 soubeast of Aswan, Egypt where & e A T ciitn, " ~
A granite bovdde r fimodem quarny) split by Eama wedge holes and groove af fraciine bredkage cocurred after blasting Simular problem & above, but His timein a roman diorite
short wedges set k1 a groove, southeast of surface on agranite block, Aswarn. * (cd arg drillline tothe right) due to the quarry af Wadi Senna, Egypt. Bven the most closely
Aswrr, lack af horgontal fractire. Blasting spaced waidges wil not spiit a trpped' piece of rock.
; af harizontd crils was Rofcariied ot
gither,

l

Site were q pillar biack has beon adracted in

the raman Mors Cladiams quary (tap g,
Split faces are cuirvaed die o the ook of

foriEoviial frciires, a guite practicdl 5 BLdion
X, " theprodudtion of piliars. The skeich fo the
left st rate the privciple of stich extraction.

G : e

. el *gﬁ';;# -~ B In several cases, harizontal or nclined grooves The 'ideal’ sitiation, where dll angles between spliting
L e T S ————— has been made for controliing the gplitting surfnes are larger than 0 degrees (lefi) ard the rapped
WA WA < _ 4 i . Edge-probilem ina romwt grete guaryy, Favakhiy PrOCES. sittation withangles smaller than 80 degrass (right) .
Detril af eroove aid wedee hales _ Egypt. The brofen faoe is cunving towards the
from cszfzﬁ'm Y, sﬂiﬁmmmf Detail of ropr wedge hole and groove a1 formerblock face.

- fractire stitfce, Aswar.

Large marblalimestae Wed ging tO Ols

* wedga, weed 111 ook
Th e Wad 1 Ham am at exam pl e quarry operdions inBgypt  Wedgng tools have probably not changed much diring the years, except
i modern mdistrialized quarries where different types of plug and

feathet type wedges are set 1 drillholes. For moremanual worke, larger
and heavier wedges are applied for ooft rocles such as marble and

4 Wedgirg leaves The Wadi Hamamat sandstone (Eastern Desert, Egypt) has been Ll St limestone, whilst small wedges generally are sutficent forsphtting of
primose mcxrﬁ:s extracted from pre-roman periods but the ranan quary marksare of Y. S granite Therefore, the wedge marksin roman grante quaries seamn
an the split particular interest, sincethey differ from the wedge marks in granite _ Ny 4  loversized' with respect to the fairly simpletask of splitting such brittle
SE&? quarries. The sandstoneis highly fractured, so that the extraction of , AP ¢ rocks From amodern perspective the wedge marks are at least
;}E ﬂﬂ:f{f};mﬂ primary blocks was easy - using the natural fractures as 'quarry faces'. e . "oversized" ifiron wedges alone were used. However, if wooden or
ﬁ@gﬂ‘é‘ i A special technique was applied for the further partition and shaping | metal wedgesw ere emmployed in combination with feathers, the wedge
N of the blocks. With the exception of the weak, slightlyinclined - marls appearmore snted tothe task (see ako sketdh to the right).
g oo Ll metanorphic foliation, there are no distinct cleavage directionsin the k- A 1 x 3
wis splitted by sancktone. It is ther efore difficult to split straight faces. As thephotos o
oniy applying show, wedgeswere usedto createa pressurein the rock, but the - B 3 o Different principles for wedging.
aone Werge. splitting was "helped’ by using a point head chisel repeatingly along | ol & : _ 1. Long, plug and feather' type wedge set in penetrating
the line of splitting. _ g R L drilihole. Modem, industridzed quarry.
The Wadi Hamamat deposit is an excellent example of how pretty eazing of 4 Mo, NGl S 2. Short, plug and feather type wedge set i short

grapite block with 7 = Se e | _ : dritiiiole. Modem, matistriclised quarmy.
small (-Ton) g " 1 s I - | 3. Short and narrow wedge set in chiseled hole. Modern
. o b grante quary (not distrizlised).
4. Passiblef7) principle for roman wedges combied with

Teathers'. Nde that the flat or slightly curved base of the
wedge hole (commarly segmnin ramar quarrias) 11 this case
Fs o FIESng.

5. FPassiblef7) principle for roman wedges withait the use
af feathers .

'standardized techniques were modified to fit local rock properties.

Failed attemptto split a saktone Haook
due toq Tudder cradk on thelaft sk, But
we cantcleariysee themarks of a pat
friead chisel baween the wedge holes.,
Hydrailic wedging i a moder,
Faistrialise d quiarry 1 G POFZoniE Wit
paar splitting propertics, Nomway, Wedges
af ‘pltigs and ather' is set in clogel
. p;ﬁred; é; ack p@zg;‘g‘eaﬂrg Arill hﬂﬁesjf

v g,

o, Block golit by combining wedges and Arrows dlustrate direction and relative amornt of stress..
% | chiseling. The plumase marks have their
| originat all ofthe chsel marks, indiating
o that nupture started simuliantiously o all
R these points. This gave a mudh more even
spiit face than if arly spaced wedges were
employed.

Discussion

In many cases, it seems that studying rock properties canbe helpful in underganding how they were worked in ancient quarries, and if and how
new techniques were developed by the workers. Furthermore, modean, manuadly operated quarries are interesting arenas for understanding the
ancient - the present might be a key tothe past. In fact, today's quany-workers are facing the same rocks astheir colleagues in anti quity!

A fascinating aspect about roman hardrock quaries is the apparenly oversized wedges they emp oy ed. If these were made of metal, why bother to
use a lot of labourto carve large holes for big wedges when they could manage with a quarter ofthe size? Without drawing any kind of conclusion,

it remindk the techni cally sophisti cated part of the modern stone industry, which to a great extentuse 'standardised’ meth ods of dlamond wire

sawing and hydraulic drilling for any kind of rock, 1 eaving the skillsto care for the machinery. Often, this shows to be highly profitable, but in
many cases the costs pr. cubic metre Hock iz farmore than necessary. In other words, they are 'breaking a utterfly on a wheel'.

Schanatic model of the splitting tagfvugie 51 the Wadi

s One way of getting clozer to find out which tools the Romans employed in stane wedging is to find out how the diffarent tools work. Experi ments

AR e T itk e regardil_]g this would be of great interest, but it is impnrta_nt th at highly slstilln*e:uziu:lqarrji,F wnrkers_ take part in such expeﬂm_entg, and that directional
repentingly along the line of spliting wntd rupue occumed. properties -:!f rocks are carefully evaluated. Tl}epr.nh.lem is n-:.:-t to show that g[:amte can be split bywnnd:enwedges (which in Norway was done as
Tﬂiﬁggﬂj{}gm cleerly saved o lot of work, gave smooth recently as in the last century) but to find out if this is a practi cal method applicable to every-day extraction

warking faoes on the block and caised alow wade ratia




