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MAFIC AND ULTRAMAFIC ROCK ASSOCIATIONS — INDICATORS 
OF TECTONIC SETTING 

(Tabs. 3) 

A b s t r a c t : Associat ions of mafic a n d u l t r a m a f i c rocks (with m i n o r o t h e r 
differentiates) a r e of s u b c r u s t a l origin. S m a l l differences a m o n g these 
rocks i n d i c a t e t h e i r or igin in dif ferent geotectonic e n v i r o n m e n t s . This 
is very i m p o r t a n t both for compi la t ion of geotectonic m a p s a n d i n t e r ­
p r e t a t i o n of geologic evolut ion. T h e following associat ions can be dis­
t i n g u i s h e d : 

1. Mafic rocks only (with m i n o r acid di f ferentiates) . 
l.a. A lka l ine and/or tholei i t ic b a s a l t s ; Lb. g a b b r o s ; I.e. gabbro-basa l t ic 
associations, l . a — c . : volcanic to in t rus ive bodies or ig inated by crystal l i­
sat ion of s u b c r u s t a l mel ts r i s ing a long deep f rac tures in t h e c o n t i n e n t a l 
plates, most ly in r i f t ing zones, w h e r e in some places hybridized. 

2. U l t r a m a f i c rocks only. 
2.a. U l t r a m a f i c rocks of igneous fabr ic ; 2.b. u l t r a m a f i c rocks of tec toni te 
fabric. 2.a, b . : often se rpent in ized a n d sheared. T h e y r e p r e s e n t most ly 
f r a g m e n t s of g roup 3-rocks, b u t m a y or ig ina te by crysta l l i sat ion of (rare) 
u l t r a m a f i c mel t s (2.a.) or by high t e m p e r a t u r e d iapi r ic i n t r u s i o n (2.b.); 
2.C. s e r p e n t i n i t e s w i t h o u t relics, most ly s t rongly d e f o r m e d — tectonic 
blocks or low t e m p e r a t u r e d iapi r s . 

3. Associat ion of mafic and u l t r a m a f i c rocks. 
3.a. Rocks of igneous f a b r i c : layered in t rus ions (in c o n t i n e n t a l crust) or 
u p p e r p a r t s of ophiol i te complexes ( separated f rom deeper p a r t s ) ; 3.b. 
rocks of tec toni te f a b r i c : s e p a r a t e d l o w e r p a r t s of ophiol i te complexes 
( including dyke r o c k s ) ; 3.c. rocks of igneous a n d tec toni te f a b r i c : ophiol i te 
complexes ( f ragments of oceanic l i thospere) . 

P e s i O M e : AccouwauMM MacpimecKMx M yjibTpaiviacbHqecKMX nopo,u (c flpy-
rpiMM BTopocTeneHHMMH flucpcbepeHUMaTaMM) no^KopoBOro npoiicxojKfleHiiH. 
Majibie pa3JiMMMa MBK/iy STKMM nopoflaMM noKa3biBaioT Ha MX o6pa30BaHne 
B pa3Hwx reoTeKTOHMHecKMX cpe^ax. 3 T O Ba>KHo He TOTOKO RJISI cocTaBJie-
HMH reoTe/KTOHMMecKMx KapT, HO M fljifl HHTepnpeTauMii reojionmecKOw SBO-
JUOUMII. E M ™ Bbi^eJieHbi cjieflyiom,ne accouMairni-i: 

1. ToJibKO MacpMHecKiie nopoflbi (c BTOpocTeneHHbiMM KMCJIMMH flMcpcpe-
peHqwaTaMM). 
l.a. IIIejio^Hbie M/MJIM TOJieiiTOBbie 6a3ajibTbi: 1.6. r a 6 6 p o ; L B . ra66po-6a-
3a^bH0Bbie accouHauMM. 1. a — B . : ByjiicaHmiecKHe n MHTpy3MBHwe Tejia BO3-
HMKJIM KpncTajiJiM3aL(MeM noflKopoBbix pacnjiaBOB Bwxofl«mHx Ha noBepx-
HOCTb BflOJťb rjiyôOKMx pa3JiOMOB B KOHTMHeHTaJibHbix nJiMTax, npeiiMyme-
CTBeHHo B pMcpTOBbix 30Hax, r,n,e OHM CbiJiM Ha HeKOTopwx iwecTax rn6pMfl|M-
30BaHHbie. 

2. TojibKO yjibTpaiviacpMMecKMe nopo^w. 
2.a. YjibTpaiviacpHHecKMe nopo^bi ManviaTMHecKOM TeKCTypw; 2.6. yjibTpaivia-
cpimecKiie nopoflM TCKTOHHTOBOM TeKCTypw. 2.a,6. : nacro cepneHTMHH30BaH-
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Hbie M paccjiamjOBaHHhie. OHM npe/jCTaBjiaiOT rjiaBHHM o6pa30M OĎJIOMKH 
nopofl 3-beň rpynnw, HO OHH MOMM 6brn> o6pa30BaHM KpncTaJiJin3ai;iieíi 
(peflKHx) yjibTpaiviacpMMecKMx pacnjiaBOB (2.a.) MJIM BbicoKOTeMnepaTypHoíi 
flnannpOBOH MHTpy3neň (2.6.); 2.B. cepneHTMHMTbi 6e3 peJiiiKTOB, npeHMy 
IHeCTBeHHO CMJIbHO fleCpOpMHpOBaHHbie — TeKTOHMHeCKHe 6JIOKM MJIM HM3-
KOTeivinepaTypHbie fliianMpbi. 

3. AccouwauMfl MacpM^ecKMx M yjibTpaiviacb,HHecKMx nopoA. 
3.a. nopoflw MarMaTOHecKoií TeKCTypw: cnoMCTwe MHTpy3nn (B KOHTMHCH-
TajIbHOÍÍ KOpe) MJIM BepXHMe MaCTM OCpHOJIMTOBblX KOMnJieKCOB (OTfleneHHbie 
OT rJiyĎOKMX HacTeň); 3.6. nopo^bi TCKTOHHTOBOM TeKCTypw: OTACTIHIOT HHJK-
HMe nacTM ocpnojiMTOBbix KOMnnexcoB (BKJiK)Maa flaiÍKOBbie nopoflbi); 3.B. no-
pOflbl MarMaTMHeCKOM M TeKTOHMTOBOM TeKCTypbl: OCpMOJIMTOBbie KOMnjieKCbl 
(O6JIOMKM oKeaHMHecKoii jwroccpepbi). 

T h e a s s o c i a t i o n s of m a f i c a n d u l t r a m a f i c r o c k s , w i t h m i n o r a m o u n t s of 
o t h e r r o c k s ( e x c l u d i n g t h e l e u c i t e b e a r i n g a n d n e p h e l i n e r i c h r o c k s ) a r e of 
s u b c r u s t a l o r i g i n . T h e s e r o c k s of n a m e d a s s o c i a t i o n s , h o w e v e r , d i s p l a y s o m e 
d i f f e r e n c e s b o t h i n c o m p o s i t i o n a n d f a b r i c . T h e a s s o c i a t i o n s a lso d i f fer , but 
t h e r e e x i s t o n l y c e r t a i n r o c k s o r r o c k - g r o u p s o c c u r i n g t o g e t h e r . 

T h e d i f f e r e n c e s i n c o m p o s i t i o n a n d f a b r i c a r e r e l a t e d t o d i f f e r e n t d e g r e e 
of m e l t i n g , t o d i f f e r e n t d e p t h s w h e r e t h e partial m e l t i n g i n t h e m a n t l e 
t a k e s p l a c e , a n d t o s o m e c o m p o s i t i o n a l d i f f e r e n c e s i n t h e m a n t l e . S i n c e t h e 
d e g r e e of m e l t i n g a n d t h e p r e s s u r e d u r i n g t h e m e l t i n g d e p e n d o n t h e i n ­
t e n s i t y of h e a t f low, t h e d e p t h , a n d t h e p o s i t i o n i n t h e u p p e r m a n t l e ( b e l o w 
t h e o c e a n i c o r c o n t i n e n t a l c r u s t ) , t h e n t h e p o s i t i o n of t h e m a f i c a n d u l t r a -
m a f i c r o c k a s s o c i a t i o n s i n t h e c r u s t is c r i t i c a l f o r e s t i m a t i o n of t h e g e o t e c t o n i c 
s e t t i n g s a n d c h a r a c t e r i s t i c of t h e a r e a d u r i n g t h e f o r m a t i o n of t h e s e rock 
a s s o c i a t i o n s . 

T h e d i f f e r e n c e s i n c o m p o s i t i o n of m a f i c a n d u l t r a m a f i c r o c k s a n d / o r r o c k 
a s s o c i a t i o n s c a n b e r e l a t e d t o t h e d i f f e r e n t i a t i o n p r o c e s s e s d u r i n g t h e r i s e of 

T a b l e 1 

Associat ions of mafic a n d u l t r a m a f i c rocks 

• 1. M a f i c r o c k s o n l y 
a) basal ts , tholei i t ic/alkal ine 
b) g a b b r o only 
c) b a s a l t - g a b b r o associat ion 
d) k o m a t i i t e s (will not be discussed here) 

2. U l t r a m a f i c r o c k s o n l y 
a) igneous per idot i tes p a r t l y to complete ly 

se rpent in ized (with rel ict igneous tex ture) 
b) tec toni te per idot i tes p a r t l y to complete ly 

s e r p e n t i n i z e d (with rel ict t ec toni te tex ture) 
c) s e r p e n t i n i t e s w i t h o u t relics of p r i m a r y rocks 

features 
3. A s s o c i a t i o n o f m a f i c + u l t r a m a f i c r o c k s 

a) igneous fabric only — layered int rus ions 
— associat ion of basalt, gabbro, a n d igneous p e r i d o -

t i te — nonophiol i t ic 
— u p p e r p a r t s of ophiol i te complexes 

b) tectoni te fabric only — lower p a r t s of ophiol i te complexes 
c) igneous + tectoni te fabric — ophiol i te complexes (often d i s m e m b e r e d ) 
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T a b l e 2a 
Origin of the associat ion of only mafic rocks (not included d i smembered upper pa r t s 

of ophiol i te complexes) 

A) B a s a l t s o n l y 
— most ly sl ightly different ia ted or con tamined . The associat ion is re la ted to 

deep fractures in the cont inenta l crust or to in t racon t inen ta l rifts, i. e. to 
the ini t ial phases of in t r acon t inen ta l bas ins which m a y fu r the r develop or 
r ema in undeveloped, or it m a y occur above hot spots. 

1) tholeiitic basalt (cont inental tholeiite) associated wi th subord ina te to a b u n d a n t 
(depending on t ime of rise, and re la ted different iat ion a n d con tamina t ion of 
magma) porphyr i te , ke ra tophyre , a n d qua r t z ke ra tophyre (sodic andesi te , 
t r achy te and rhyol i te ) ; by h igher con tamina t ion of m a t e r i a l of the con t inen ta l 
crust they m a y be enr iched in potass ium, silica etc. 

2) alkaline basalt associated wi th subord ina t e t rachyt ic (sodic) to nephe l ine 
bear ing rocks. 

Rocks of the first associat ion crystal l ize from m a g m a s or ig ina ted by pa r t i a l 
mel t ing in high levels of the upper mant le , and the ones of the second associa­
t ion from m a g m a s or ig ina ted by par t i a l mel t ing at g rea te r dep ths of t he uppe r 
man t l e . These associat ions indica te r if t ing of t he crust because of t he increase 
of hea t in the uppe r m a n t l e and to m a n t l e d iap i r i sm below the crust . 

B ) G a b b r o o n l y 
— the s ame as for (a), it occurs if t he erosion was significant, and has exposed 

the roots of basa l t ic masses . 

Q B a s a l t - g a b b r o a s s o c i a t i o n 
— the s ame as for (a), bu t occurs only if the erosion w a s not very in tens ive 

(about 100—1000 m) and volcanic, as well as in t rus ive facies a re exposed. 

T a b l e 2b 

Origin of associat ions of only u l t ramaf ic rocks 
(not inc luded d i smembered lower pa r t s of ophiol i te complexes) 

a ) U l t r a m a f i c s o f i g n e o u s o r i g i n 
— igneous per idot i te par t ly to complet ly serpent inized, w i th relics of igneous 

fabric. 
Rocks or ig ina ted by crystal l izat ion of m a g m a s or ig ina ted by high degree of 
par t ia l mel t ing of upper m a n t l e and in t ruded along very deep f rac tures . T r a n ­
sit ions to (lb) — gabbroper ido t i tes and feldspar bea r ing per idot i te , or to (la) 
— picri t ic basa l t exist. 
Significance as for mafic associat ions, bu t indicates a m o r e in tense hea t flow 
in the basement . 

b ) T e c t o n i t e u l t r a m a f i c s 
— tectoni te per idot i te pa r t ly to complet ly serpent in ized, w i t h relics of tec toni te 

fabric. 
Blocks or slabs of deple ted uppe r m a n t l e moved u p w a r d s along deep faults . 
Spinel bear ing facies indica te origin from higher levels, ga rne t bea r ing facies 
or iginated p r i m a r y a t deeper levels of the uppe r man t l e . 
Occurence of these rocks indica tes the sequence : m a n t l e p l u m e — f ragments 
of upper m a n t l e pul led into the fault zones (mostly reverse) a long cont inenta l 
marg ins — fur ther u p w a r d s m o v e m e n t (as lent icular or diapir ic bodies) of rigid 
or mobi le u l t ramaf ic masses . 

c ) S e r p e n t i n i t e w i t h o u t r e l i c s 
— complet ly serpent inized igneous u l t ramaf ic rocks. 
Originated from rocks of the groups (Ila) and (lib) bu t complet ly serpent in ized, 
and because of se rpent in iza t ion mobi le and most ly la te r displaced. 
Mostly se rpen t in i te lenses squeezed out of a subduc t ing slab and diapir icaly 
moved u p w a r d s over subduct ion zones. 
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T a b l e 2c 

Origin of associations of mafic + ultramafic rocks 

a) R o c k s of i g n e o u s f a b r i c o n l y 
— Layered (stratiform) gabbro-peridotite intrusions — related to old shields 

and not considered here. 
— Mafic + (subordinate) ultramafic rocks association — combined (1) and (2a) 

— developed by differentiation of mafic associations as in (1). 
This association indicates similar conditions as for (1) and (2a), but with 
intensive partial melting of the upper mantle and slow magma rise with 
stopping in larger magma chambers to differentiate. 

— Separated upper parts of ophiolite complexes — will be analysed with ophio-
lites. 

b) R o c k s of t e c t o n i t e f a b r i c o n l y 
— separated lower parts of ophiolite complexes — will be analysed with ophio-

lites. 
c) O p h i o l i t e c o m p l e x e s 

basaltic lavas 
sheeted dyke complex 

(diabases) 

Í + plagiogranite 
massive gabbro 

zone 1 layered gabbro 
[igneous ultramafics 

The complete sequence is: 

Thickness and abundance of 
members vary very much. 
The sequence is often dis­
membered. 

oceanic 
crust 

upper mantle tectonite ultramafics 

The rocks of the oceanic crust are frequently affected by ocean-floor meta-
morphism. 

The presence of ophiolite complexes, complete or dismembered, indicates the 
existence of previous oceanic lithosphere in the area and may be indication 
of a subduction zone if other diagnostical features are present (calc-alkaline 
magmatism, metamorphism etc.). 

magmas and their stopping during rise, as well as to the reactions with the 
host crust through which they pass. Since the oceanic crust has almost the same 
or very similar composition as these magmas, their passing through the 
oceanic crust will not bring about alterations in composition due to contamina­
tion. On the other hand, if these magmas pass through the continental crust 
changes of their composition, (due to) reactions wi th the surrounding crustal 
rocks, may be important . It has to be ment ioned tha t in the oceanic crust 
sea-water penetrates deep into the rocks, wha t gives rise to hydrothermal 
ocean metamorphism or alteration in chemical composition. 

In the following tables the characteristics of the mafic and ultramafic rock 
associations are summarized: in the first one different associations are listed, 
in the second one the main characteristics and origin of the associations are 
given, and in the third one some main features of the mafic and ultramafic 
rocks or rock associations building the oceanic crust, or, in another words, 
the characteristics of ophiolite assemblages or complexes are presented. 
All these tables are compilled on the basis of generally accepted modern 
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T a b l e 3 

Types of oceanic environments with ophiolite assemblages and other geological 
features related to the closure of oceanic area by subduction combined with 

obduction 

Tectonite 
ultramafics 

Gabbro 

Margins of large 
oceanic areas far 
away from the zone 
of high heat flow 

Narrow oceanic 
areas near to the 
zone of high heat 
flow 

metamorphic gneis-
soid fabric well de­
veloped 

partly layered, 
differentiated 

metamorphic 
gneissoid 

layering rare, 
differentiated 

Marginal seas — 
zones of increased 
heat flow 

fabric less developed 

less differentiated 

Plagiogranite 
— keratophyre 

Dyke complex 

very rare abundant abundant 

sheeted dykes, re­
gular 

regular sheeted dyke complex or irregular 
(vertical + horizontal dykes and small bo­
dies) 

Basaltic lavas 

Associated 
sediments 

Sediments in 
trench 

Metamorphism 
below obducted 
ophiolites 

tholeiitic (oceanic 
tholeiite) — rare 
alkaline 
basalts 

tholeiite (oceanic 
tholeiite) 

tholeiitic, rare 
calc-alkaline rocks 

pelagic 
terigenous terrigenous — 

pelagic 
abundant olistostrome melange 

olistostrome melange, with turbidite interlayers and occasionaly 
lavas 

high P — low T middle (to high) P — high to low T 

Post-collisional 
formations t e c t o n i c m e l a n g e (if compression continues after collision) 

Associated 
formations 

calc-alkaline igneous 
rocks (not of the 
granite-rhyolite 
assemblage) over 
the subducted slab, 
about 150—400 km 
from the trench 

locally as for large 
oceanic areas 

concepts on ophiolites ( C o l e m a n , 1977 and 1984) as well as on our own 
experience on Mediterranean ophiolites. 

The determination of the type of mafic and ultramafic rock associations 
is very important for the explanation of the geological history and evolution 
of an area and therefore it is necessary to present their separate groups on 
the geotectonic maps. 
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Considering the mentioned afore wo have to add that here are presented 
only the main groups and their most typical characteristics, but today 
many very precise and exact methods (using chemical and mineralogical 
composition, trace elements discriminant distribution, stable isotops etc.) for 
determinat ion of genetic aspects of these rocks are developed. 
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