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Present~~ rc;~ l ts t.'f ll r~conc!..U.,~.l.DC -e :Wrvc:' .:ri born..h .u . .:t ;:,:r :'l.ia ~n Zir~1bU.::·.r ... e. 
This i.::; b.U c j Oll :i l'()Ufitry·Wi t.lc: lYS ~(m.l:j~ (~L:r.;:; ... l"l ; j~! : 5t'; l)(:.i(J COpQQI.F ~i c 

rr.~ \;...,'7.::~ con:t't!r,(',; ·M :!l .Ur p;1oco ..t~u.! ;;~~ of sd e:: ·c:~ UH.! c:~<:h .:c~~g 

tO 'Y?~ 1:-:-:.:; .:x.sr:: int .j ~n the !Je!d. Ext.:7it::es in ~a~-::~-..: i• : Zl~ !'d .:.c c ast!;,p o! 

bornh u·~: ~ecr:t. ir :o ~'-~ < <: I':Sion ~ri...:o m;opped ~ ·: l1s to::- \ i 976), c:!! :o 
&rw l ci~ .. :-xk r-;pct;;. Co r~ ·~ !uJes th at ci"-. : !.::up rea~1 : h:., ;:> o cho;s ~0~1 ::iVC pro­

vid~ an adc=·~ ... u.cc c: :~'Jh~n :uj.:) n o f '"'rig:Os •nd ch1c c1c~e i.:s :t !l.::'!d fr;r mote d'-~ 
~lti(J 5tu.!y ~.nvoiv1.1g ;. r:!..i g"! ofh~p.:.th ·!Y. 'i.. Yu1 :tr~ :;n ~ in su•..:c~ ·.·c a.::J h&.o­
lo s:- (:'(:T~ a dear :nnuen~ e o r. c~'A.!n cypc :lnd bor::hu dt fo t:n. 

I NTRODUCTION 

Abouc 45 per cen: of Zim babwe is underl a.J n by gn.n i:: i;: reeks which m2.ke up the 
grea{er part of an anr;icnt . massive cnton c.xcendir.g some 6GO krn in a norch·::::ts :: m 
soutt~·west Jir~tion :i(ro:. .> u.1e cemral pa.:-c o f ch;:: counny (Ph.w p, 1973a!. Much of 
the granicic cerr:lin is characce~ized by tlac to gend y s!opir:g plate;iu S'-l rface :; broke!": in 
piacc:s by residual !)oulder-strewn hills. Mo re spec;::l•.: :.:LH lan,l scapcs \Ph :e 1) :1 ~so occur 
in the form of 2.:eas o f sceep·sic ed convex domes o ;- t,.,);·nha:c~s ; ~-.!ch l:mJsc :.pcs occ~py 
about 30 per cent of the regions underl a.in by gran ir;c rock.s. The bor:1lE:dc te:-r:U n 
forms a dis tinctive but discontinuous arc vary ing in -V~-~Jc:-. t:om 90 tO 130 krn on the 
sou t:hern m.arg!n of the craton body (sec Fig. 5\ 

R l . I ~ • . . I . . ' . b . . L . e a~tv e.y te•N geomorp no!o g:Ci ~nvesng:;. nc ns r: ave t en carnea ')U'l on r.n!s 
t~ rr~i .-~ i~ Zi n1h :-:.t \~~t:. Fe-r <:.'< 3.8~h:, K!ng ( 1 9 4- :1 ~- i~ c f<~~:: ~G "!:0,~c": ::-:;~!-;:; ,:;.::1;! ~·,.r; r~ ·~\ :.r~ : 

development in t~ c: Matvpo ~ Hib sou t:~ o f BulJ·.;: '-::0, :1::J Lister ( J97 ..i ) ~as Jescr:ocd 
select~d :nicro-g~o~orphologiot fe;;. cu res on three d o :n;!s in rhe n c :-d~ - east of rhe col! n­
try. More recently, Twid:;.le (l98 i) h as comme:Hcd brie tly on dom ed wd C:l:itdl :n::d 
insdberg:i in cen :ral Zimbabwe, a...'1d \Vhid o w (1 9S0:t) has d:::scri bed t.f-J t' impli<::.1rio n!i cf 
extemive rock outcroos in rel::ttion to land use <' :1•.:! oopLJ::.tio r. pressu res in r::ornmu:1al 
fum ing areas. Apart lrom these srudies, certain o f ;he:. Gedt>gic:;.l Survey ~e:110irs 
(espec ial!y til e e:>.rlicr repo rrS) provide: lirr.ited l CC OUOCS of m:: bontha rd r ~err ·.:in (e.g., 
MacGrc:gor, 19 30; Tync1k· Biscoe, 19 33 ). Syscer.:3.dc .-c:g ! cr: ~t $rudies of bo rr-Ju.rd t 
landscapes, however, ha·:e bec:n ! :~.eking. i n ch is rc~-pect the c.x a..-nin;ition of bori:had t:; 
in Zim babwe wot.:id sc:em co offer a.r1 ideal opoortunirv for res tinG' some of th e mar.v 
hypotheses on t..'1e origi ::s of rock domes and ~i n,J r l~dfo~m fea~r~s associ 2. ted w(th 
t.l)·e:n (e.g., King, 1966, t975 ; Doorr.kamp, 1972; Tl-;omas, 197-+a, 1978 ;Twi dale & 
Bour~e. 1975a, 1978; Brook. 1978; Twidale, 1 9~0\ Fu n h e r:-no re, cc nside rJ.blc: adva:l­
ces have been m1de :n recent years by geologists ex amining the nacure and modes of 
devel op men t o f me: gramcic and related rocks o f c::e :1nciem cracon in Zir:. bab1..1.e (e.g., 
Phaup, 19733.; Wilson, 1979). The strucr..Hal chuaccaisttC5 o f th e crawn have been 
described by Stowe ( 1980). Clearly, geomorph;Jiogical $tu die.s cou ld draw upo n and 
greatly benefit from th is reseaKh. ::>ysccrnacic sru d\es of individu ai gr:tnic ic bodies, 
such as the Chin:unora B:.~.tho!ith north of S alisbury (Viev ing & Harrison, 1973 ), h :l'le 
also been carried ou c an d would enabie more detaild e:o.mi:ucio n o f rock c e rnes a<: a 
meso- and mic:o-sc :l.l:::. F ro m ;J..n educacional point of view the bornhud ~ Ll:-!dscapcs 
offer tremendous scooe 10 demonsrra~ing basic geomocphulc oic:;.l o rinL ioles and mech-

~ .. l). ' ~ 

ods of fidd observation (W"h itlow. 198la). 

lamb. Ceog-t.}. JJ-34, 1971.1· 79 
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Th . . . . I' 
• e:: purposes c t ~!s pJper :1:-e .u w •vws: 

a) £•> o ~e~nr u~e r::>'...tlc.s of a prdi:-ni::a;y invc$r!Q3.tl(;f1 of r!1e bor:·thJ.;,~r rc :--:-:~.in in 
Zi~b:ibwe; and ~ 

b) ' I.. • l ' . f ' .J l' 'b c >f ' . :, to comrr.enc on $\)me or Llc 1mp !C:Hlons o me n.lttJ rc :1!1u t tS< n u h) :1 • roc ., 
dvmes .... irh re speo.:r to h:•potheses on th ei r dc,·d opmenr. 

The sx ,t:: shou!c be ~rc<ited ..iS c....;?:or .HOI)' nu t c:~ef: i'iir iv:::. a.."ld che ncc:d for mor~ dc­
t<Ui d s,·s,,:.m.:nio.: :-e::~o ro.:h sh.)ulJ be srrc:sst.i : d-. is p:Ipcr o:: : ~ht serve tv in ,_~: -.: .rr:: '·'here 
such rc~c:w::, m~f.ic mo5t p rorir:1bl:· be c:uricd our. However, befo re d:sct~ 'sing r!:e 
methods and ~esu! (s of ch.:: present survev. it :s ~sefu! ro r.-::1~e sorr:e brief :::omm::::~~s 

. h . . dl• I ·. , ' d , . :~1 . 1-, re<7ard: r.(1 r. e onvns :1.:1 l! e've,ot' r:'!ent c t oon:nar cs ann t ac~ors m .. uenc~r:g c •• em 
l:) :;> - L 

with p:l rtic.:ula r rcfcrer.ce to S our..~ ern .-\f:-ic:1. 

BACKGROUN D ON 80R NHAR OT LANDSCAPES 

In Central :J.nJ Souu1ern Afiica. che trad:tion.J.i expL1r.acion of rock J.om;:s !i JS bee n 
in term~ o f s-.:arp re cre~t. inv1)!ving accivc exfoii:mon, anJ pediment form,;.rion <.King, 
1948, 1966, 1975). This view hl.S been accepced, o ften un(rirically, fo r mJ ny r·~.1rs co 
the ex ~cr.t char kw llrern . .Hive hvpocheses h .r.: e been co nsidered. l~r alonr: cestcC. Evid­
ence from £ast Africa (Oilter, 1960 ; Oo . .)rr. bmp, !96 8), \Vest A.fric;1 iThl)rn.L'i, 1:165; 
FJ.n ir:tn, 197+) and more re;:cenrlv fror.; ~ouchern Afric:-t. (Ghrd!no, 1973 ·, Brook. l Y78) 
sugcreStS that 10 a!tern.:aive m,)d~ of fc rmd.tiOfl in\·oh·inc exht:maCiOil o f Jeeolv \\.'C:H.hertd ... o C' ' • 

rocks .fo ll owing reju,· enation of river systems may be m,>;-e realistic t:l"u.n th rs cr:tditional 
exobn:won of bornhardts. Twidal t! ( 1 '}80), in a review of a wide range of evide:1Ce con­
ce~nini! bo rn!urdt t\· o!:.:tio n, has argued chat "ma.:w borr:h:udts h:1ve-not for:11ed a..s :.t 

direCt COnScquen-:c OtSC:lrp re!~elt'' (p. 206) and dl.lt the " tW<TSt3.~t! !e:dw macinn) hyp o­
rl'\esis offers the mos~ cohesive :1nd comprehensive gencr::ti :tCCOlJ,i t ·:>i borr:hardrs" (p. 206). 
There is. ch!: rdo re. re:1.S0 :1 to bdie·:e ch:•~ a deep v.:earhe ring :tnd erosion;Ji stripp ing seq:_;­
ence mii'n 1lso be appiic..1bt e in Zimbabwe. :-.;;:ven:hek~s. r.he varied :.~.nd comp!c.x character 
of bornh1 ~d[ terrain !n [his cou mr~.' (sa PI.H~!i S to$) m::.y fru sa 2.re J.W::m p[s ro expbin 
do~e ~-~J et: re~ !n ~-er:a,:; of ar.v .sir:'t!k !wpoche;-;:s. a:d or: : ~.I1ou ~c be :~··'>art: of su ~er.:c <:.3 
by ::>dby ( 197 7) who inv oke~ rhe -con:e·pt o f equi f! nalir:; ~0 aco.:ou nc for the d::vd opmc:-.t 
of borniurdts, whe:-eby the s:une for:ns mighc :-c:sul ;: frc:r: differcr:c sui res of process.::s. 
This me:.tns chat the scarp rec:-eat hypothesis may prove acccpc:1bk ur:der cerra.!n condi­
tio ns, bu r ;;neil other hypotheses h.n·e been consid~red pcopt!r!y th.is .t ra .:!~ tianat viewpoint 
can not be uk~r. as having ur.iversai .~ppiic.l.tio n (() born h.lrdt tcrra:n in z;m~abwe. 

There ue several factors rhat need robe taken inco ;lCcour.t with respect ro u\H: cur­
rent study and f.t::ure resea rch on borr.hard ts in Zimbabwe. Firsdy, the cou nrrv h:1s been 
in flue need by sev~:-al cvc!es of erosion which have giyen rise to a ~u rr: ber of pI ;1nation 
surfaces (see Dix ey, 19 3 8). AI th ou crh the origins .J.nd methods o f reCO<Tl1iZ ina ~u ch erosion 

c:> - .:> e 
.surfaces a re some~imes d isputed kg., Thom:1s, 1969 ; Pie ty , 1971), it is generally accepted 
that bori1hardts are commonl y associ:1~ed with such m u!ri-cvclic l:wdscaoes :Twidale 
1 976 ). I r. this respe ct T..,vi daie & Bourne (19 7 5 b) have pr:::;;~nted evidenct.: suggesti ng 'epis­
odic ex posu re of dor.1es: features such as flared slopes a::d tafon!. which ap p·:~:u to be in­
itiated under sub~urface \vear.heri ng conditions, have be::n found ro occur :H different 
levels on domes above presenr-day hill-plain junctions .wd seem to indicare gr:< i~3l ex­
posure of the domes. ::>ince comparab!e features occur on. bon'lh:J.rdcs in Zim~.;,bwe 
(Whid ow, 198 ta) and the notion of episodic e.xpo'ill re is not inconsistent wi ch me occu r­
rence of erosion cycl es as desc ri bed by Dixey (193 8). King (19 51 ) :md Lister ( 19 76 ), it 
may be char observa tion o f meso- and micro-scale landform featt.lreS migh t p rovide evid­
ence to test rh e va!idiry of the exhumJCion and related hvootheses. Secondlv che assoc· 
iation between bould<..'T and dome insdberg fearurt:s neecfs'ro be Cla\u:;.t~ d i~ tc::ms of 
their spacial occu rrence anci possible or.:neric links (e.z., Thomas, 1974-b; 8 iook. 1978·, 

' C"' ..., • 

Twidale, 1981). Such associa;:ions are common in ce rt a.:n parts of Zimba~we but have 
not been cx pi.U neJ acqu:l tc;:·. Rei:ued .to chis is a chird fac tor, thJ.t of r::e signific~nl:e 
of rectar~guLir and curdinea ~ jointing patterns ; chesc would ~:1i1ue~ce the nature of both 
S".Jbs-.:rflcc Jnd subaerial physico-chemical weathering processes. Ah o the- rr.: -:.;io na! fracrure 
patterns, themselves ..1 resul t of crusr :.l geopnysic:ll p rocesses (StOw~. 19 :-50 }, .:.rc iikdy ro 
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influence the ~T.ncr:.ll .!i,-poSi ric n of .-!orr.'!s in ch e b.!!Jsop c. Fir. ai!y·. ch cre i.:; dlc :;uc:;rion 
oi the :1pparr.:ndy greater tr:: <.;uency :1nd ~ iz.e of bornhardts in rocks thJt ha•:e -1 h[~h prrr 
portit)fl of ponsh fcld::;pa rs or •.vhich h:1ve undcigone por:1.sh mct asom-His m t.Broc i<. 1978). 
This may be particubrly r~kvant in Zimbab\vc where hornh 1rd~s :ue common or. rhe pot· 
J.Sh-rich Jdarr:dliccs, a bet noted by many field geologists (Wilson, 1980). 

METHODS OF MAPP I N G SORNHARDT TERRAIN 

Topograoh icil mao .;, despite their inh erent lim itltions, are usdul in rr.:connaissJ.nce 
0 ' ' 

~-urveys o f different LwJ sc :-tpe types (e. g. Swan, 1970; F ani ran, 19 7·-n Bomh :trdr tcrr3.in 
is readil y iden ti fyable on m.tps on me blSis of irs dist inctive conrour and dra.Jnage ?Jtterns 
{\·Vhirlow, lY8lb); in the present survey l: 50 000 wpographical m:1ps, m:tin!y merric 
edirio!1S v.-ith a 20 mew: contour interval. •.vere used. Wh ilst the inrerpreution c f.born­
hardt terrain was somewhat ~-ubjec tiv c, errors were reduced throu gh frequent cross-check· 

A ldennf!cahon of don--e features on 
1 . SO GCO to!XX_Jr~mcal maps 

C Ger.era;; zat:on of dts tf"!b.Jt1on p.a tferr: of 
rock domes :n tr.e r()r th-~~~ ot Z.moabwe 
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FIG. 1. PROCEDUR E FOR MAPPING BORNHARO f LANOS< APES IN ZI\IBAa·NE 
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ing wirh ' rvoe ·arcas' '.vhich had been \t s i~ :..:J in the fiel d \cveral rimes in the pJ.St. The >ub­
'cquem a•::tl!:tbitiry· o f l :BO 000 p:tnchrorn:H ic .1crial phowgr:.tphy covering the entire 
cou ncry cnJt kd confirmation and mod ifie1don of chc mapping 

The mlpping procedu re is shown in Fig ·l. Sampli ng was bJ..Scd on a grid fr;:unework 
whereby each ropographic:d m1p )nect wa.s divided into 16 squ ares of equ .1l are:t :1pprox­
im:Hi'1g to -+5 km2 on th e );'Tou nd. The dimensions of rhe grid squ:1res represen ted a com­
o ro misc bc(\V~cn ::,lte :lCCUr:lCV of the toPOgTJ.phica\ maDS, me SCale o f the feamres under 
\nvesrig:uion, and rhe time a~d effort in~·o!ved in <;amplin ~. :::iy~remaric samplint: \'-iu1in 
are as underlain by gran itic rocks involved the examin:nion of ove r 3 50 map sheet s, with 
r.he p resence and absence of bornhard t terrain being noted for och sample square (F igs. 
1A :1nd 8 ). Presence was onlv rccnrded where the bomhardt landscaoe occupied at !east 
half of a give n grid square. This terrain rype was reco rded in ove r 1 ho samp!e squares 
out o f the..;. 040 squares exaznind, thus accounting for about 30 per ce:-~t of the grani tic 
landsnpes as noted earl ier. Within a given grid square the ac tual area o f roc k J ome.s, bared 
or regolith-covered, was rypic:Uiy in th e order of 20 to 3 5 per cent of t.I-Je land, a! th ough 
locally the proportion could be conside r~1bly higher; the~e figu res are based on mapp ing 
from ae rial phocogr:1phy (e.g. Fig. 3 beiot.v). The final piotring was carried our on a 
1: 1 000 000 base m1p of Zimbabwe :1nd the bou ndaries o f the bornhard t terra in were 
generaliz.::d as shown in Fig. 1C. 

Once the general distribution of the bornhard t terrain had been established it was 
necessarv w obta.in data on the granitic roc ks and erosion su rfaces in the areas where the 
domes o~curred. Two maps v.;er; used for this purpose: the provisional geological map of 
Zimbabwe (1977), seventh ed ition (see ~ragman, 19 78), 311d an erosion surf<J.ces map of 
the coumry compiled by Lister (1976 ). Bo th maps \Vere on a scale of 1: 1 000 000 and 
data extract ion was carried out us ing the same grid as chat used for plotting the distribu­
tion of the bornhardt te rrain. Similar procedures and difficult ies involved in this o peration 
have been outlined elsewhere (\Vhitlow, 1980h). Other data sources are exp lained at a later 
stage with respec t to more localised s:unp ling in 3re3.s o f bornh ardt terrain. 

RESULTS AND DISCUSSION 

The res-uli:s are presented in two nn!n sections, as follo ws: 

a) Relationsh ip o f bornhardt terra in and erosion S'J rfaces; 

b) Rel:ltionsh ip of bornhardt terrain and gra nitic rocks. 

The question of eros ion su rfaces is discussed first since Litis reLues ro the rraditional 
scarp retreat hypothesis which, as :1rgued above, m1y no longer provide an accep t:1b\e ex· 
pbnation o f bornhardts. The a.i m here is to est::tbl ish whether this applies to all L)' pes of 
bornhard t terrain in Zim babwe, :iS has been assu med in the past. or whether o ther hypo­
theses need to be exp lored. The second parr concerns the variations in the litho!ogy md 
structure of the granit ic ri cks on whic h bornhardts occur; it will be argued that these re­
sult in differen tial weathering and erosion of granitic roc ks and, by· impliot ion. provide 
some 5upport for the e.xhumation hypothesis. Thorouf-1 validation of such ideas \Vould, 
however, require more detail ed study than that carried out in this recon naissance survey. 

a) RELAT IONS H IP OF BORNHAAOT TER RAIN AND EROS ION SUR FACES 

The fact that mu ch o f sou th-central Africa h as unJe rgOfi e several phases of plan:1 rion 
foi lowed by :lCt i,·e stream incision in resp onse to pe riodic upli ft and tilting o f the earth's 
crust has been reognized for some rime (e. g., Dixey, 19 3 H. 19 55; Ki ng, 19 5l). The resu 1-
tant erosion surf ,-es have been e.xpbined in terms o f "ped!p la nat ion . .. which gove rns 
rhe destruction or che older landsu rfaces by encro:~.ching yo unger :;urtaces ope r;;n ing ac a 
lower le\·el by the method of scarp ret reac" (Liste r, 19 76, p. 6). The occurrence of erosion 
su rfac es associated with bornhardt terr:.tin is indicated in Fig 2 and Table l. 

The Post-AfriCJn surface has been mapped as two sub- regions to delimit an upper zone, 
co rresponding to the head\',.:ater :treas of rive rs d rainin~ the centrJ.l watershed, J.11d a lower 
zone. This division was made arbirrari ly for purposes of exami ning general wpognphical 
variations in the upper and lower portions of th is extensive eros ion ~-urface. 
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Table 1. R£LATIO:'iSiill' tn:r.VHN £H0'510N SURF.\ CES .-\.NO BORNHAHDT TERRAl~ 

EROSION GEOLOGICAL A!:'PROX. PROPORTIO~ OF PROPORTION OF BORNHARDT TERRAIN 
sURFACE PERIOD ,\GE GRANI TIC ROCK .1) bern•een surhces b) withi n surfaces 

(m ill. )' rs.) 

mid-Cr-::ra-
African ccous/end-

Oligocene over 20 9.0% 2. 1% 8.6% 

Post-
African Miocene 5 ( 0 20 72.6% 79.2% 34.7% 

Pliocene Pliocene under 5 18. +% 18.7% 32.2% 

The re:.ulrs are discussed under th ree head ings: 

1. distribution of bornhardt terrain on different erosion surfaces; 
2. occurrence and nature of bornhardcs on a given erosion su rface ; 
3. topographical variations oi bornhardt terrain. 

1. Distribution· of Barnhardt Terrain on Differen t Ero:;ion Surfaces 

Both Fig. 2 and Table 1 indicate a greater prev alence o f bo rnhardt terrain on the Post­
African erosion su rface th an on the other su rfaces. This is primarily du e to the fact that ove r 
70 per cent of rhe granitic rocks in Zimbabwe occur in areas affected by the Post-African 
ero~io n cyde. In these areas the bornhardt te rrain accounts for nearly 3 5 per cent of the 
g-ranitic landscapes, bur in th e lower zo ne of th e Post-Afrie::w ~-urface th is increases to over 
50 per cenr. On th e African erosion surface the bornhardt terrain was more localized (Table 
1) and accounted for less thJ.n 10 per cent of the grJ.nitic landscapes; th is erosion surface is 
generally characterized by gentle slopes broken occasionally by hi!! features. On rhe Pliocene 
erosion surfa.:e the bornh ardt terrain was more wi despre1d than on the ancie nt centrJ.l plateau 
accou nting for nearly 20 per cent of th e bornhard t terrain and occurring in nearly one-third 
of this surface underlain by gr:1ni tic rocks. 

The high proportion o f bornhardt terrain in areas intluenced by the Post-A friCln erosion 
cycle may reflect the oper:Hion of head ward erosion <lnd scup re t reJr as erwisaged by King 
( 19-t 8), bu r equ;.tl ly it could represent the exhumation of domes from a differential!>· and 
deeply weathered pbnarion su rface (e.g., J.S described by DoornkanqJ, 1968). Two issues 
need to he resolved w·ith respect to the occurrence of bornhardt terrain and erosion surfaces. 
l·irsrly, bornharut landsopes often cut :1cross the eros ion su rface boundaries ar. d within a 
given su rface may form discrete islands (Fig. 2); these distribution patterns are more clearly 
related to geoiogical fac rors and are discussed at a la te r stage. Seconcl ly, Jlthou gh rock domes 
are commo n features on the Post-Afric:ln surface, other granitic bndscape types characterized 
by gently undu la ting terrain v .. i th residual boulder-st re wn hills and low domes are also com­
mon. To what exten t these are simply a reflection of 'different stages' of th e same erosion 
cycle (King, 1948; J1lJ Plate 2), or a result of some oth er mode o f development is not clear. 
The si tu ation is complicated further by th e influence OP geological fac tors which modify the 
nature of weathering :md erosio nal processes on the granitic rocks :1nd hence the resu lt ing 
IJndscapes. 

2. Occurrence and Natu re of Bornhardts on a Given Erosion Surface 

Variability seems to be the rule rather than the excep't ion o n bornh ard t terrain in 
Zimbabwe. This includes varia tions in the spati al occurrence of domes in the landscape, 
differing degrees of expo~-u re of bornhardts and differe nces in the relief of domes. The first 
two J.Sp ects are discussed here with respect to randomly selec ted samp!e area occu rring on 
adamellites on the African erosion surface north-ease o f Ru s.ape Jnd rhe Pos t-A fr ican erosion 
sur fac e near Bi kita (Fig. 3). The third aspec t is discu~sed in Lf-te next section, :.1!rhough relief 
o f domes is also mentioned below. 

The Rusape and Bikita areas are not ne.:essarily· ' rypical' oi hornh <trdt terrain on the 
~vo su rfaces, espec ially given the contrasting ry pes of bo rnhardt !;10dscapes which are found 
1n Zimbabwe (see Plates 5 to 8). However, they do serve to illustrate some of the character­
istics of domes which have undergone differing peri ods of weathering ;lfld exposure irrespect­
IVe of the acrual mode of develop ment of the rerrain. Mapping of the t\vO areas was orried 
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FIG. 2. DISTR IBUTION OF BOR NHAADT LANDSCAPES IN R ELATION TO EROSIO N SUR FACES IN ZIMBABWE 

out using panchromatic aerial photography o n 1 scale of l : 2 5 000 ; plo tt ing was b:-1sed on 
1:50 000 topographical maps. Befo re describing rhe t\\10 are:.ts. the 3Spects of distribution 
and exposure o f domes need some elaborJ ttnn. Firstly, .llthou gh domes might occupy any 
posicion in the landscJpe (Doornkamp, !9 72). scarp rerre .H lo~c ally ~h ou ld resul t in cluster­
ing o f domes o n interrluve sires, al thou gh d1 is '.vou lJ depend on jointing p3cterns in the bed­
rock (Faniran. 1974). In contrast, an irregui:J.r di'ltribution o f bornhard ts conforms mo re 
readily with rh e exhumatio n hypothesis (Th orn::LS, l974b). ~econJly, the occurrence o f 
stripped, partially stripped and regolith-covered domes v,ithin lil yea :1ffected by the same 
stage of a given erosion cycle is more easi!y accounted for in terms of exhumatio n th!ln sc:1rp 
retreat, although rhis does nor necess:lfily pr~..-c lude the !.mer t f homas. 19 74b). 
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In the Rus.1pc :J.rea (Fig. 3A) there is an irreg.;!:tr distribu rion of domes on the genrly 
sloping ?LHc:au surfac ::. :1lcJ10ugh rhe inr1uer.ce of Llrge-sc:J..Ie joincing on the form 9£ rhe . 

A Rock domes and related features on the African plateau 
surface north-eas t cf Rusa 

\ 

• • 
'' 

Q k t!ome~res 5 

B Rock domes on the Pos t- Afr ican eros ton surface near Bikita 

0 ~tl 011etres 

• Bare rock surface £24 ~ Regolith-covered domes 

~ Main s rreams 

FIC. J. OIST R IBUTION O F ROCK DOMES IN THE LANDSCAPE 
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PLATE 1. MASSIVE GNEISSIC DOMES TO THE SOUTH OF FORT VICTORIA (Minis:ry of Informacion) 

domes and the stream I)etwork is evident. The domes typically rise abruptly from the regol­
ith-covered plateau and vary in height from 20 to 120m; the larger domes (Fig. 3A) are gen­
erally greater than 80 min height. Virtually all the domes have been stripped of any regolith 
that once might have concealed them. In the Bikita area (Fig. 3B) the bornhardts are more 
extensive and range in height from 120 ro 240m. Unlike the bared domes of the Rusape 
area which have undergone a much longer period of denudation (possibly in the order of 
several million years), the Bikita bornhardts have not been completely stripped of their 
regolith. Weathered material in £!1is area varies from a residual mantle on the crests or flanks 
of the domes to complete blanketing of a dome. There is clearly a much greater struc tural 
influence on the form and distribution of the domes in this area compared with the Rusape 
area. 

From these sample areas there is certainly evidence ro support the possibility of the ex­
humation hypothesis, whereas the varying distribution of domes and differing degrees of ex­
posure cast doubts on certain aspects of the scarp retreat hypothesis. Observations in other 
areas, such as that shown in Plate 3, provide further confirmation of the difficulties of ex-
plaining variations in bomhardt ttrrain in terms of the latter hypothesis. · 

.3. Topographical Variations of Bomhardt Terrain 

Variability in the heights of domes in restricted sample areas on the African and Post­
African erosion surfaces has been described above. These differences might be accounted for 
either in terms of varying periods of exposure to subaerial denudation processes or progres­
sive weactering and er9sion of rocks surrounding bomhardts which, through success ive eros-­
ion cycles, might gradually accentuate the relief of the domes (see Twidale, 1971; Thomas, · 
1974b). In order to examine the variations in the relief of the bomhardt terrain b~tween and 
within the erosion surfaces defined by Lister (1976), data were obtained on a random sample 
basis from 1: 50 000. topographical maps. Fifty squa~;es were sampled within areas of born-
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PLA"iE 2. SOUi HEAN MARGIN Of THi: MATOPOS HILLS WITH YOUNGER GRAf'JlTES BEING CHJ.,fiACHRIZEt 

BY LARGE, SOMETIMES STAONGL Y FOLIATED, DOMES RISING TO HEIGHTS OF UP TO 200M 
ABOVE THE SURROUNDif~G AREAS. THE RELATIVELY FLAT TERRAIN TO THE SOUTH OF THESE 

DOMES IS UNDERLAIN BY MORE DEEPLY WEATHERED TONALITE $. 

0 k1~l r es ::.'l 
'--------1 

® Schists 

® Yrurger rocks 

{ 
0 Granitic rocks 

t:S) Batholiths ~ 
north 

F IG. 4. GENERALIZED STRUCTURE OF THE ZIMBABWEAN ARCHAEN CRATON 
ACCORDING TO THE "GREGARIOUS BATHOLITH' HYPOTHESIS fMacCrt~or. 1951) 
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hardt terrain on the upper and lower Post-African and P\iocene surfaces; only. 3 2 grid squares 
were classified as having bornhardt terrain on the African surface, therefore all of these wert: 
included. Rdarive relief (highest dcvarion minus lowest elevation) was recorded in each 
sample square and the results are presented in Table 2. It should be noted that the rdief of 
the domes themselves would be less than the figures shown in this table, although these might 
represent maximum relief of the bornhardts in some cases. 

The varying distribution of bornhardt terrain between the relief classes from the oldest 
(African) surface to the youngest (Pliocene) surface suggests a general increase in relief from 
the former through to the latter. The mean rel ief on the Post-African and Pliocene surfaces 
is in the order of 90 m greater than that of the African surface, with perhaps a slight tendency 
for greater relief on the Post-African surface. In general the average attainable height for the 
progressive accentuation of dome relief by exhumation or scarp retreat seems to be in the 
order of 300 m; this is not an absolute maximum as values ov.;-;- 500 m were not uncommon, 
but it does give an indication of the sizes of the dome feature . 

Table 2. RELATIVE RELIEF OF BORNHARDT TERRAIN AND EROSION SURFACES 

RELATIVE RELIEF AFRICAN UPPER POST-AFRICAN LOWER POST-AFRICAN PLIOCENE 
(metres) (percentage of sunple on different erosion surfaces) 

under 100 4 2 

100-199 36 18 10 14 

200-299 44 44 38 36 

300- 399 16 12 32 40 

400- 499 20 14 6 

500+ 6 6 2 

Squares sampled 32 50 50 50 

Mean relative relief 208.9m 300.3m 318.2m 299.9 m 

Stand ·;. :·d deviation 69.7m 138.7m 98.8m 83.8m 

Maxir. .. lm relief 380m 720 m 545 ;n 520 m 

Minim.Jm relief 95 m 130m 150m 140m 

C. i greater significance is the considerable variation in relief within areas on a given 
erosion surface (see Table 2, standard deviations, maximum and minimum relief). Scarp 
retreat does not provide an eXplanation for this except in terms of varying stages of retreat 
which are difficult to prove or disprove. On the other hand, exhumation of massive rock 
compartments at different depths within the granite offers a reasonable alternative e.xplana­
tion (Twidale, 1976). In the latter case the nature of bedrock jointing and the duration of 
weathering and erosional processes would give rise to more varied topography such as seems 
to occur in the areas of bornhardt terrain in Zimbabwe. 

In terms of the objective of this comparison of bornhardt terrain and erosion surfcu;es 
it can be condu t~~d that whilst erosional stripping of the landscape is a necessary part of the 
development of rock domes, there are several sources of evidq1ce that support hypotheses 
other than the scarp retreat hypothesis. Moreover, there are certain aspects that are difficult 
to reconcile with the latter hypothesis. Oearly, there is a case for evaluating a range of hypo­
theses to arrive at a more rational and accurate account of the development of bomhardts 
in Zimbabwe. 

b) RELATIONSH IP OF BORN HARDT TERRAIN AND GRANITIC ROCKS 

In Zimbabwe it is evident that the nature and disposition of the granitic rocks have 
exerted a major influence on the developmen t of the bornhardt landscapes. MacGregor 
(1932), for example, noted that smaller batholiths and stocks, which he referred to as 
'Daly Biuholiths' gave rise to broken terrain of domes and kopjes. Later he described the 
large ovoidal granitic masses within the ancient craton as being 'gregarious batholiths', some 
of which had a massive sheer-like stnictu re (MacGregor, 1951; and Fig. 4 ). Comparison of 
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FIG. 5. D ISTRIBUTION OF BORN HARDT LANDSCAPES IN RELATION TO GR AN IT IC ROCK TYPES IN ZIMBABWE 

Figs. 4 and 5 reveals that only certain of the major batholiths are characterized by bornhardt 
terrain; these include the Chinarnora, Mtoko, Manyika, Chilimanzi, Gu ru, Chibi and Matopo 
batholiths. Domes are generally absent from batholiths which have a sheet-like srrucrure. 
This requires more deta iled examination. 

Before discussi ng the relat ionships between the granitic rocks and the bornhardt terrain, 
it i~ nece~~ary to provide a brief d~sc ription of the ~ani tic rocks which have been indicated 
in Fig. 5. The gr2n itic rocks in gcntra l are "coa~ely crystall ine rocks composed of quart:z . 
oligoclase and mic roc line with variable though small amounts of UH' dark coloured minerals, 
biotitt and hornblende" (S tagman, 1978, p. 21 ). SC"\·cral gran it ic rock types have been differ­
entiated on the recent ( 1977> ge olo~icai map of the country, a! though in some cases a given 
typ e migh t contain rocks of \'aryinp; !ithology and ar.c:s (:::it a!!man, 197R). 
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A simplified classification of these granitic rocks is given below: 

Younger Granites mainly adamellites with some ronalites ; 
,. Older Gneiss Complex mainly rocks of conalitic composition; 

Gneisses foliated rocks of v1rying composition forming part of 
the mobile bd rs associated with the major craton; 

Others less extensive granitic rocks including granophyse and 
syenite. 

These rocks are mainly Pre-Cambrian in age. Two general periods of granitization have been 
identified nominally within the ancient cracon; the older gneiss complex and the gneisses of 
the mobile belts seem to have formed some 3 500 million years ago and the younger granites 
formed about 2 600 million years ago (Phaup, 1973a). This is a grossly ove~simplitied account 
for purposes of general background only; more detailed information o n the current srate of 
knowledge regarding the granitic and greenstone rocks in Zimbabwe is given by Wil soo ( 1979). 
The question of the varying composition of the main rock types is outlined at a later stage. 

The distribution of the bornhardt terrain according to the main grani tic roc ks is indic­
ated in Fig. 5 and Table 3. The occurrence of flat to gently sloping landscapes with residual 
kop jes is included ·for comparison in Table 3; such terrai!l occupies nearly 26 per cent of areas 

PLATE 3. MASSIVE GRANITIC DOMES, SOME IN EXeESS OF JOOM IN HEI GHT. EXPOSED THROUGH DEEP 
INCISION OF RIVERS INTO THE PLATEAU SURFACE EAST OF A USAPE. NOTE THE VARYING 
AMOUNTS OF REGOLITH COVER, MORPHOLOGY AND DISTRIBUTION OF DOMES IN THE AREA. 
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d riain by granitic rocks and is com mon on the central plateau region of Zimbabwe 
~~~dov · 19 81 b). Whilst the younger granites constirute less than half of the total granitic 
rocks, nca!iy 70 per cent of the bomh~rdts occ:ur on these rocks .. In ~ontrast, the gently slop­
ing tcr~in is mosr widcsprea.d on rh~ o.der gne1ss con:plex ~:>ecurnng m ne~ly 60 per cent of 
reg1 ons underlain by these rocks, almough they co~smute JUSt over one thtrd of the gra.!litic 
roc ks (Table 3 ). Ex ;; .. in inario r. of la.rgcr scale geologJCal maps (e.g .• lnyanp. 1:100 000; 
Sroc k lm <~y cr, 1977), wh ere finer divisions of the granitic rocks have been made, su~sts 
th at thnc is a st rong assoc ia t ion bcrwc cn certain types of granitic rocks (especially the ada--

FLA TE 4 . MAJOR JO III:TS AND FRACTUR E PATTERNS OCCUi'! IN T HE YOUNGER GRANIT ES IN TH E MTO KO 
A RE.t. .. THESE HAVE INFLU ENCED THE GENERAL DISPO SITION O F DOMES IN THE AREA . 

Table 3. 

ROO: TYI'!: 

You n?tr 
gran~ t c~. 

Older pnciss 
complo 

Gne:i~scs 

Other 

RELAT IO t\S HIP OF RO C!\. TYPE AND T ERRAIN TYPE 

BO H NHAR DT T ER RAl :-.: GENTLY SLOPit\G TERRAIN PROPOR TION O F GRANJTJC 
RO C KS 

6 9.8 30.4 4 5.9 

19. 2 60.0 3 5. 9 

}(), 2 5. 2 14.1 
0.8 4.4 4.1 
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PLATE 5. CLOSELY SPACED AND STRONGLY FOLIATED DOMES OCCUR TO THE EAST OF THE NYAZVIOZI 
RIVER IN THE BUHERA DISTRICT. 

mellites) and the bornhardts. This association is related to the variations in the mineralogy 
and jointing patterns of the granitic rocks, as described by Thomas (1974b), Brook (1978) 
and others. 

Although the distinction between granitic ro<.:ks on the basis of the composition remains 
problematic (see Stidolph & Stocklmayer, 1976), as can be appreciated from the figures given 
in Table 4 (Phaup, 1973b), the main differences seem to relate to the varying proportions of 
potash and hence of potassium feldspar. For example, adamellite contains an average 4. 5% 
by weight of potash and is normally defined as having between 3 5 to 6 5 per cent of the total 
feldspars as being potassium feldspars (Stagman, 1978). In contrast, the tonalites have a much 
lower proportion of potash (1.9%) and less than 15 per cent potassium feldspars. Since the 
younger granites on which bomhardt terrain is most prevalent are mainly dominated by ada­
mellites this would support Brook's contention of an association between the potassium-rich 

Table 4. AVERAGE COMPOSITION OF GRANITIC ROC!<S 

COMPOUNDS TONALITE GNEISS GRANOD IORITE ADAMELLITE 

Si02 69.9 72.4 71.5 71.8 

AI203 14.7 14.2 14.5 14.0 

MgO 1.2 0.8 0.8 0.6 

CaO 3.4 2.3 2.5 1.7 

K20 1. 9 2.4 2.8 4 . 5 

NazO 4.1 3.9 3.9 3.4 

Iron 2.9 2. 3 2.6 2.6 

Others 1.9 1.7 1.7 1.4 

Number of samples 41 32 49 44 

(Source: compiled from Phaup, 1973b) 
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rocks and bornhardts (Brook. 1978). However, it has not been established whetho- this pos­
sible relationship is a function of the joinring patterns or different responses to weathering 
and eros·)on in the adamdlitc s <lnd reiated rock.~. This requires further investigation. 

The si~nific ;mce of jointing in crysta ll ine roc!:~~ has bt<en described by Thomas (1965) 
v.-h(l like!ls rhe jomtinf! S)'Strm to"" recran&1ll lar lattice, \'arying in its texture both spatially 
and in dtpth, so th,n larger joint hk>cks rn:! ~· occu r not only in difierent locations, but also 
at diffe ren t depths below the land s-urface of the t ime'' (p . 66). In Zimbabwe it wouid be 
ncces):-if)' to examine the maC'ro-scak joinring and fracru re patterns of the different batho­
liths a<; well since rhese seem ro ha\·e ex erred a major influence on the orientation of domes 
and ri\·er system) (<.t.:t Pi ate 4 ). f. good e>.ample of this is the Chinamora Batholith about 
40 km north ofSald>Uf)' (Fif 6) Vic\\ing & Harrison (1973) have described the origins of 
rhi~ 10aniric l >ody as fol low~ "l tis r rohable that the batJwlirh was originally a mantled 
rneiss do ;ne ma inly composed of tonalite, which was modified by the addition of potassium 
to form granodiorite. and in rurn io form 2 granite core" . They go on to say that "the corrr 

Srructurat lirsiions 
/ MaJor lifl2ations 

7 · M1nor lineations 

~~~Mt 1ru · \ .. :.;? ,a iC l i"; SICY.lS 

@ Grt:ens tone formation 

(afh:r Viewirv.J ard Harrison, 19731 

--·---- ----- ··- ·-·---··--------.------ --------·--------
Main streams 

.~ -- Streams 

'1' · , j lnyauri Rtver 

i,l Mawu River 

·~ ~~; Pole River 
'\ (_~ ! Munenga River 

(based or. 1: :,o 000 top:>graphiral mappir.;) l 

---.. ---------·------------------~ 
c Dome features 

a Bare and partially exposed 
V dome• and dome complexe>s 

!"> Rtdge features with cas tellated 
' .. , .· kOpjeS 

( ba~~ 01 a·~pho! o 111 ierpreta1ton and 
1opograph1cal maps l 

L_...,--------------~------------------___j 
F-IG . 6 . SOW: GEO~.'< C>RPHOLOGICA l CHARACTER IST ICS OF CHINAMORA BATHOLITH 
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PLA TE 6. THE DO'AES OF THE RUNGA I H ILLS R ISE ABRUPTLY FR0 \ 1 ~ rlt r'LA f£',\U :'UK FACE SOUTH OF 
FORT V ICTO R IA. MOST OF THE DO M ES HAV E BEE N ST >\ •PPEO 01' H EI..i OI. I l ~~I\ :'.! I) v AH Y I N 

HEIGH T FROM tOO TO 300M. 

PLATE 7. EXPOSED DOMES ON THE OLDER GNEISS COMPLE X RUCKS ro 'HE S•lUTH OF OIJL;.w/\YO 
THE DOMES ARE IR8 EGULAR IN MORPHOLOuY A~IO AHE t!'1 THE IJHOER OF lOll TO 1/0t,; 

IN H EIGHT. 

plex srruccure ,tnd the pre~~nce of l::trgc xenolnh~ in rh e ccmral ponion lof the bathol _i rhl 
J re tJke n ro inJ icatc tha t rhe p resent erosion surfac~ is dose to the roo f o f the l•atho l11h" 
(p . ~ 1 9). 

Th is ba tholith has bee n expo ~ed unda the influence of the Po~l · :\fr io n eros ion c>·cle 
(l ister, 1976), but the stro ng re la tionsh ip b<.: t\\-"t:cn srr..t uur:t l lincttions, o;r rc:.Jm p~u1erns lnd 
bo rnh u dts (Fig. 6 ) sugges t th at exhumat ion rather than sorp retn:a t has t ~tl,en pl :.~c e. For 
e.umplc, the main strucru ralline1tio ns (Fig. o/\) in the Chinamora B;u holith, themsclvC1 ~ 
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resu It of regional geophysical stresses., have exerted a major influence on the larger riven such 
as theJnyauri and Mawu , and their tributari~. The comacts berwcen the batholith and the 
adj acent greenstone bdts arc followed more or less b)' the Pate a.nd Munenga Rivers. The 
actual pan em of domes, in terms of their size, shape and orientation (Fig. 6C) is clearly re­
l:ned to rl1 c strca.:n nerwork which in turn is related to the joint lattice:. The more irregular 
domes arc gcncr;;.Jiy associated v.~th portions of the batholith where the jointing patterns are 
more comon.cd. Rclid \'ariations ranfrng from 75 to over 300m ior the main domes as well 
a.s differir.g dcf!CCS of e.x posu rt of do;nes provides further evidence of the possibility of ex­
humation be ing a more plausible explanation of the de\·clopmcnt of the bomhardt terrain 
rh an the scarp re;.rcar hypothesis.. It is interesting to note that the summits of several of the 
!crgt."r dame~ m the central part o i tl1e batholith arc at u'"lc sa.rne altitude as ~e Afri can eros­
ion surface pl are au around :::ialisbur)·· a fact which suggests the progressive accentuation of 
rei ief as de.:.c ribed earl1er. 

By wa~· of a conc lusion ot. the rdationship of bornhardt terrain and granitic ro cks in 
Zi!Tl bal>we. it is clear that \·ariations in srru cn.1re and lithology of the rocks have exerted a 
m:;jcr i nfiu~nce over the development of bomhardts, and that ~olof.cal factors provide a 
more satisfactory account of the d istribution of such fea tures than a simple association v-.~th 
erosion surfaces. Certain au th ors (e.g, Thomas, 1974b; Twidale, 1976) have stressed the im­
portance of difftrcnria.l weatiH~ ring and erosion dependi ng on the degree of jointing tn the 
granitic rocks. There seems no reas.on wh)' this should not apply to bornhardts in Zimbabwe. 

PLATE 8. DOME FEAT URE.S RISING TO ABO UT 60M ABOVE THE SURROUNDING AREAS TO T HE 

NO~TH·EAST OF FORT VICTOR IA. 

CONCLUS ION 

Apan. from present ing the resulu of a preliminary survey of bornhardt terrain in 
Zimbabwe, the objective o f this paper was to show tha t the traditional scarp retreat hypo­
thesis no longer seems to be t enable in view of research findings from elsewhere and the 
evidence pre5ented here. In the absence of more ri~orou s analyses, however, the scarp re­
treat hvpothesis cannot be entirely discounted. What is required is a more systematic srudy 
involvi~g testing of a range of hypotheses. Apart from e..xamination ?f individual bathol.iths 
such as the 01 inamora Batholith, an investigation of fca ru res tncludmg f1ared slopes, rrucrcr 
valleys, et c. (see \\'hitlow, 1981 a) mi¢1t pro\'ide clues as to the origins of the bomh:udts. 
A'S suggested earlier, it may be that there is no universal hypothesis as h.r as the origins of 
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bomhardt terrain in Zimbabwe is concerned. This i$ partly ~ause of rhe wide range of 
geological condicions "'ithin the granitic r~ks and a long history of bornhardc dc:vd opmenc 
du ring which environmentll conditions, especially climate (e.g .. Bond, 1968), have been 
continually chang1ng. Some indication of the resultant variability of the bornhardt terrain 
is demonstrated in Plates 5 co 8. To unrlVef the origins o f such complex landscapes \viti re-­
quire t:onsiderabl e skill J.nd effort. 
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