
1. Introduc  on

The term lamprophyre, created by the German geolo-
gist Wilhelm von Gumbel, comes from the Greek word 
“lampros” which means glistening. Lamprophyres are 
uncommon mesocra  c to holomelanocra  c porphyri  c 
hypabyssal rocks that contain only mafi c phenocrysts 
(micas, amphiboles and lesser clinopyroxenes). Any 
feldspars, foids or quartz are constrained to the ground-
mass. Several igneous petrologists have, through the 
years, classifi ed lamprophyric rocks (see Wimmenauer 
1973; Streckeisen 1978; Le Maitre 1989; Chonghe 1991; 
Rock 1991; Woolley et al 1996; Le Maitre 2002; Tappe 
et al. 2005; Le Bas 2007; Krmíček, Krmíčková 2010; 
Mathieau et al. 2018). Today, the accepted lamprophyre 
nomenclature includes the calc-alkaline mine  e, kersan-
 te, vogesite, spessar  te and the alkaline camptonite, 

sannaite, monchiquite (Le Maitre 2002). Furthermore 
ultramafi c lamprophyres such as alnöite, aillikite and 
damtjernite were later introduced (Tappe et al. 2005). 
Lamprophyric rocks also include alkali mine  es (lampy-
rites of Krmíček et al. 2020), meta-lamprophyres, lam-
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proschists, appinites (sensu Rock 1991), para-lamproites 
(sensu Mitchell 2020) or lamproitoids and many local 
and obsolete varie  es. These petrological terms are not 
IUGS accepted but are included since they are used by 
several igneous and explora  on petrologists. 

2. Geological se   ng 

Greek lamprophyric rocks were used as a case study. 
The samples studied are from the following geological 
forma  ons:
GL 7 and GL 8- Chor  a  s magma  c suite in the Cir-
cum-Rhodope belt,
GL 10 and GL 11- Arnea A-type granitoid in the Ser-
bo-Macedonian massif,
GL 12- Osiou Gregoriou granitoid in the Serbo-Macedo-
nian massif,
GL 22- Kavala granitoid in the Rhodope massif,
GL 26- Agios Eustra  os agglomerates in the Pelagonian 
zone,
GL 27 and GL28- Limnos molasse in the Circum-Rhodope 
belt,
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GL 33- Ios basement augengneiss in the A   c-Cycladic 
complex.
The other four analyses are from the Osiou Gregoriou 
granitoid in Agion Oros (Serbo-Macedonian massif), the 
Mount Dikeos granitoid in Kos (Pelagonian zone), the 
Samothraki granitoid (Circum-Rhodope belt) and the 
Limnos shoshoni  c volcanics (Circum-Rhodope belt). 
See Figure 1 from E.A.G.M.E. ((H)ellenic Authority for 
Geological and Mineral Explora  on).  

3. Sample choice and methods

The GL samples are from three diff erent fi eldtrips. The 
thin sec  ons were prepared in the Matej Bel University 
in Banská Bystrica, Slovakia. They were examined micro-
scopically in E.A.G.M.E. The rest of the samples are from 
bibliography. The studied samples were chosen since 
they are representa  ve of Greek lamprophyres. 
For the detec  on and classifi ca  on of the various lam-
prophyric rocks three simple steps are recommended. 
These three steps (fi eld rela  onships & macroscopic 
characteriza  on of samples, petrography and geochem-
istry) were chosen in that order, from an easy general 
examina  on of hand specimen through more detailed 
petrographical observa  ons under an op  cal micro-

scope to more demanding geo-
chemical analyses of major and 
trace elements in the whole 
rock sample. We propose a 
set of indicators under each of 
the three steps that will help 
a non-expert to recognize and 
classify the lamprophyric rocks.

4. Discussion

The three steps, including their 
sub-steps, are the following:
A. Field rela  onships and mac-
roscopic characteriza  on of 
the samples:
a. Defi ne GPS coordinates that 
can be cross-checked with geo-
logical map. In case there are 
no GPS coordinates in bibli-
ography use the toponyms in 
topographic maps;
b. Check and defi ne rock as-
socia  ons. Calc-alkaline lam-
prophyres are generally asso-
ciated with granitoids, alkaline 
lamprophyres with nepheline 
syenites and ultramafi c lam-
prophyres with carbona  tes;
c. Note that calc-alkaline lam-

prophyres are commonly located at the perimeter of the 
granitoid or cut the nearby country rocks;
d. Check for any Mafi c Microgranular Enclaves since they 
have been frequently associated with lamprophyres; 
e. Point out in the fi eld any rocks that appear in the form 
of small volume mafi c dikes (see Fig. 2), sills, minor lava 
fl ows or volcanic pipes; 
f. By defi ni  on lamprophyric rocks are porphyrit-
ic and contain only mafi c phenocrysts/macrocrysts/ 
megacrysts/oikocrysts;
g. Observe any typical globular structures like ocelli.
B. Petrography:
a. Check that there are no sparse felsic microphenocrysts 
(i.e. the rock is not a semi-lamprophyre). Appinites and 
meta-lamprophyres have a diff erent texture;
b. Confi rm that mafi c phenocrysts include micas (see 
Fig. 3) and/or amphiboles and/or to a lesser extent clin-
opyroxene. Olivine phenocrysts are not characteris  c of 
calc-alkaline lamprophyric rocks (see Rock 1984). Ortho-
pyroxene is also very rare as a phenocryst and is found in 
only a few Bohemian (Krmíček et al. 2020) and Peruvian 
rocks (Carlier et al. 1996). Picri  c rocks are excluded by 
the IUGS (Woolley et al. 1996); 

Figure 1. The geotectonic map of Greece with isopic zones (from E.A.G.M.E.).
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c. Remember that leucocra  c minerals such as pla-
gioclase, alkali feldspar, foids and quartz are confi ned to 
the groundmass;
d. Note that lamprophyric rocks, with the excep  on of 
ultramafi c lamprophyres, do not contain any ground-
mass olivine;
e. Defi ne conven  onal lamprophyres (Le Maitre 2002, 
Tappe et al. 2005) with the help of the following mafi c 
and felsic phases (see Table 1, fi rst fi ve are phenocrysts 
and the rest groundmass);
f. Be aware that there are more unusual lamprophyric 
rocks which are defi ned as follows: 

• Pyroxene lamprophyres: lamprophyres with exclu-
sively clinopyroxene phenocrysts (see Fig. 3); 

• Alkali mine  es: ultrapotassic phlogopite mine  es 
(Kamvisis 2010);

• Meta-lamprophyres: metamorphosed lampro-
phyres commonly containing large amphibole and 
small garnet crystals (see Fig. 3). Generally retain 
the ini  al lamprophyre chemistry (Perring et al. 
1989). However if metamorphism is very progres-
sive, the rock may lose water and fl uids; 

• Lamproschists: schistose lamprophyres with brown 
bio  te and green hornblende (see Fig. 3). They gen-
erally retain ini  al chemistry (Perring et al. 1989);

• Appinites: It is a textural term. These are plutonic 
vogesites and spessar  tes (Rock 1991) with visible 
large amphibole crystals. They frequently appear as 
breccia pipes and are associated  with conven  onal 
lamprophyres (e.g. in Agion Oros), see Fig. 3;

• Para-lamproites: lamproite-like lamprophyric rocks 
that cannot be characterized as bona fi de lamproi-
tes; 

g. Note that zeolites may appear as primary phases;
h. Check for ocelli. They are commonly detected under 
the microscope.
C. Geochemistry:
a. Observe the SiO2 content since the rocks are silica 
undersaturated having an ultrabasic to intermediate 
composi  on (on the TAS diagram the rocks occupy a 
wide area, see Fig. 4). Lamprophyres normally contain 
higher levels of K2O, Na2O, P2O5 and Ba (Le Maitre 2002) 
than conven  onal rocks with similar mineralogy. Note 
however, that K2O and Na2O are some  mes aff ected by 
altera  on and metamorphism (e.g. secondary K2O en-
richment in altered rocks). Also, they generally contain 
more Sr, Rb, Zr, Th (Rock 1987);
b. Dis  nguish calc-alkaline lamprophyres from ultramaf-
ic and alkaline lamprophyres with the use of K2O - SiO2 
diagram from Rock 1987 (see Fig. 4). Most Greek lam-
prophyric rocks fall in the calc-alkaline fi eld. This dia-

Figure 2. A lamprophyric dike (para-lamproite) intruding the 
molasse sediments at Agia So  ra in Limnos island. 

Table 1. Necessary mineral phases of conven  onal calc-alkaline, alkaline and ultramafi c lamprophyres.

bio  te hornblende kaersu  te olivine phlogopite plagioclase alk.feldspar foid melilite. carbonate

mine  e yes no no no no no yes no no no

kersan  te yes no no no no yes no no no no

vogesite no yes no no no no yes no no no

spessar  te no yes no no no yes no no no no

camptonite no no yes no no yes no no no no

sannaite no no yes no no no yes no no no

monchiquite no no yes no no no no yes no no

alnöite no no no yes yes no no no yes no

aillikite no no no yes yes no no no no yes

damtjernite no no no yes yes no yes yes no no
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gram is also useful for lamprophyric rocks from diff erent 
geological backgrounds (e.g. Rao et al. 2020);
c. Focus on most primary lamprophyres which are the 
most petrologically useful (i.e. not crustally contaminat-
ed or crystal frac  onated). These should obey (accord-

ing to Rock 1991) the following criteria based on Mg# 
and compa  ble elements: 
• Mg#=65-80. According to Mg#, eight out of four-

teen samples in this study can be considered as pri-
mary. Higher Mg#’s could indicate crystal accumu-

Figure 3. (a) A typical  mica-phyric lamprophyric rock from Limnos island in plane polarized light (ppl) under the op  cal micro-
scope, (b) A pyroxene lamprophyre from Agios Eustra  os island with augite phenocrysts in ppl, (c) A meta-lamprophyre from 
Ios island in crossed polarized light (xpl), (d) A lamproschist from the Arnea A-type granitoid in Macedonia, northern Greece in 
ppl, (e) An appinite from the Osiou Gregoriou granitoid in Agion Oros in ppl.
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la  on (Pe-Piper pers. communica  on). However, in 
sample GL8 (Mg#=82) this is not the case since in 
subduc  on related environments like the Chor  a  s 

magma  c suite (Bonev pers. communica  on) horn-
blende is not a cumulus phase (Gill 2011).

• Sc=15-30 ppm 
• Cr=200-500 ppm

Figure 4. (a) TAS, (b) K2O-SiO2 a  er Rock (1987), (c) Co vs Th a  er Has  e et al. (2007), (d) La/Nb vs Ba/Nb, (e) Nb/Th vs Zr/Nb and 
(f)  Nb/Yb vs Th/Yb diagrams with the Greek lamprophyric rocks.
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Table 2. Whole rock/trace elements analyses of Greek lamprophyres (for loca  ons see sec  on 2). First four Georgiades (1938), 
Soder (2017), Christofi des et al. (2000), Djiba (2018). Others, this study (BV). Major elements in wt.%, trace elements in ppm, 
#Mg in %.

Sample Agion Oros KL66 PA05 lem21 GL7 GL8 GL10 GL11 GL12 GL22 GL26 GL27 GL28 GL33

SiO2 48.82 44.7 56.27 55.76 51.27 48.38 41.78 50.85 51.66 54.70 52.20 48.23 47.48 52.20

Al2O3 14.69 14.60 11.70 14.63 13.33 11.28 13.45 13.90 13.09 15.90 13.98 11.23 10.87 14.11

Fe2O3 3.60 8.11 5.64 5.67 8.68 7.98 18.21 11.93 12.92 7.12 6.96 7.01 6.99 7.31

MgO 10.88 9.24 9.42 3.63 13.28 17.13 8.04 5.11 3.03 5.35 5.51 9.90 10.97 5.53

CaO 8.05 10.40 5.21 4.49 6.10 7.00 12.54 8.61 7.37 6.25 8.25 5.89 6.05 8.36

Na2O 2.08 2.75 0.94 3.32 1.37 0.86 1.35 4.41 3.32 3.58 2.49 2.17 1.86 2.54

K2O 3.01 2.71 8.11 3.39 0.21 0.10 0.29 0.61 0.32 2.61 4.09 4.93 4.53 4.00

TiO2 1.39 1.05 1.12 0.66 0.33 0.23 2.32 2.10 3.14 0.69 1.06 1.60 1.56 1.09

P2O5 - 1.18 1.06 0.31 0.05 0.03 0.02 0.25 0.52 0.42 0.96 1.02 0.98 1.00

MnO n.a. 0.14 0.24 0.10 0.14 0.15 0.18 0.20 0.19 0.15 0.08 0.08 0.10 0.08

Cr n.a. 287 n.a. n.a. 1020 1471 48 55 34 62 383 656 643 404

Ba n.a. 1780 2284 3252 49 12 43 72 56 1494 2515 1016 971 2348

Ni n.a. 111 n.a. n.a. 331 679 <20 21 <20 24 78 194 427 78

Sc n.a. 41 18 n.a. 33 33 56 42 41 26 29 22 21 30

LOI n.a. 3.94 n.a. 5.28 5.00 6.50 1.60 1.80 4.20 2.70 3.80 7.40 8.10 3.20

Sum 92.52 98.68 99.47 97.14 99.62 99.49 99.6 99.57 99.57 99.32 99.3 99.38 99.39 99.34

Mg# 78 71 80 60 76 82 47 47 33 64 65 75 77 64

Be n.a. n.a. n.a. 7 <1 <1 1 3 4 4 4 5 6 5

Co n.a. 34 n.a. 36.3 47.3 64.9 82.3 31.8 26.5 26.3 22.6 23.6 38.2 22.3

Cs n.a. 3 n.a. 7 <0.1 <0.1 <0.1 0.8 <0.1 12.2 2.1 2.5 1.9 2.1

Ga n.a. n.a. n.a. 15.7 13.4 10.4 17.5 19.4 25.0 18.9 15.5 15.9 15.7 15.6

Hf n.a. 7.5 n.a. 13.3 1.2 0.6 0.4 5.1 7.3 4.0 8.7 17.1 15.8 8.1

Nb n.a. 35 6 20.6 2.4 0.6 0.3 7.5 14.3 8.0 23.5 33.5 31.5 21.9

Rb n.a. 72 389 222.9 3.1 1.2 3.8 15.6 5.7 118.7 165.5 213.1 196.2 167.4

Sn n.a. n.a. n.a. 4 <1 <1 <1 3 5 4 3 3 3 3

Sr n.a. 1410 557 1270 68.7 19.1 170.5 120.5 170.2 1684.8 885.1 637.3 588.9 825.0

Ta n.a. 1.6 n.a. 1.6 0.2 <0.1 <0.1 0.6 0.9 0.4 0.8 1.6 1.5 0.9

Th n.a. 13 n.a. 32.5 1.9 0.4 0.3 4.1 5.7 32.3 21.0 29.7 28.0 20.2

U n.a. 2.9 n.a. 8.1 0.6 0.6 0.6 1.5 3.1 13.6 3.2 5.3 6.2 3.1

V n.a. 231 49 134 200 156 1126 326 377 175 183 139 131 198

W n.a. n.a. n.a. 87.8 0.5 <0.5 <0.5 1.3 1.0 1.9 1.8 2.2 1.4 4.1

Zr n.a. 299 846 487.1 43.8 18.3 8.5 205.7 296.7 154.8 312.3 635.3 593.4 285.5

Y n.a. 30 47 21.2 10.7 5.8 8.4 48.5 73.5 29.7 20.5 20.9 19.4 18.6

La n.a. 69 72 65.1 6.7 1.6 1.0 17.0 33.4 80.2 45.2 54.9 49.8 43.5

Ce n.a. 153 151 135 13.3 3.4 2.5 41.0 60.5 162.1 90.1 121.7 118.9 87.3

Pr n.a. 18 n.a. 16.18 1.60 0.45 0.38 5.43 8.96 20.05 11.77 16.55 15.49 10.70

Nd n.a. 75 84 63.9 6.3 2.1 1.9 23.6 39.2 77.0 45.2 66.1 62.3 41.4

Sm n.a. 13 n.a. 10.39 1.40 0.59 0.84 6.50 9.68 13.07 7.35 10.45 9.72 6.97

Eu n.a. 3.4 n.a. 2.19 0.36 0.19 0.43 2.00 3.08 2.87 1.76 2.32 2.20 1.71

Gd n.a. 9.1 n.a. 7.02 1.67 0.83 1.31 8.04 12.40 8.79 5.62 6.96 6.40 5.19

Tb n.a. 1.1 n.a. 0.87 0.29 0.15 0.24 1.36 2.09 1.11 0.71 0.81 0.78 0.66

Dy n.a. 6 n.a. 4.49 1.81 1.05 1.59 8.49 12.66 5.85 3.96 4.19 3.88 3.46

Ho n.a. 1.08 n.a. 0.8 0.41 0.21 0.33 1.79 2.67 1.07 0.74 0.71 0.70 0.69

Er n.a. 2.8 n.a. 2.14 1.17 0.65 0.97 5.18 7.79 3.00 2.10 1.87 1.82 1.86

Tm n.a. 0.37 n.a. 0.28 0.17 0.11 0.13 0.72 1.08 0.41 0.27 0.27 0.24 0.26

Yb n.a. 2.7 n.a. 1.92 1.11 0.64 0.81 4.52 6.49 2.85 1.94 1.66 1.54 1.72

Lu n.a. 0.38 n.a. 0.27 0.16 0.10 0.12 0.66 1.03 0.42 0.27 0.25 0.24 0.25
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• Co=25-80 ppm
• Ni=90-700 ppm
A more useful diagram, compared to TAS is the Co vs Th 
based on immobile trace elements (Pandey pers. com-
munica  on). Most Greek lamprophyric rocks fall in the 
high-K to shoshoni  c (i.e. subduc  on) fi eld (see Fig. 4);
d. Use slightly more complex diagrams which can point 
to the ini  al magma source. These are the La/Nb vs Ba/
Nb, the Nb/Th vs Zr/Nb and the Nb/Yb vs Th/Yb. In the 
case of Greek lamprophyric rocks they appear to be of 
con  nental arc basalt origin (see Fig. 4); 
e. Note that alkali mine  es and para-lamproites are 
primi  ve rocks that have many lamproi  c geochemi-
cal characteris  cs such as Al2O3<12, TiO2>1, Fe2O3<10, 
MgO>5, Mg#>70 (in Table 2, 80 and 77 respec  vely), 
MgO>CaO, CaO<10, K2O>3 (Mitchell 2020), K2O /Na2O>2 
(ultrapotassic sensu Foley et al. 1987), Cr>500, Ni>300 
(Vladykin 2008). Alkali mine  es are generally associated 
with granitoids and para-lamproites with shoshonites. 
The GL28 sample from Agia So  ra in Limnos is a pa-
ra-lamproite (or possibly a Mediterranean lamproite). It 
is the most primi  ve magma on the island (see Pe-Piper 
et al. 2009). A bi-folded procedure for the forma  on of 
para-lamproite like cocite, with an earlier modifi ca  on 
of Metasoma  zed Lithospheric Mantle (MLM) followed 
by decomposi  on of phlogopi  c residue, might explain 
the rarity of para-lamproites (Krmíček et al. 2014). Note 
that a potassic character increase with increasing depth 
of subduc  on magma  sm could eventually lead to lam-
proite magmas (Mitchell, Bergman 1991). A possible 
grada  on among these exo  c vola  le-rich MLM rocks 
would be as follows: 
Anorogenic lamproites → Mediterranean lamproites 
→ para-lamproites (e.g. cocite) → alkali mine  es → 
mine  es (C. Rao pers. communica  on).
Only the two end members (anorogenic lamproites, 
mine  es) are very dis  nct rocks that vary considerably;
f. Remember that most lamprophyric rocks have a litho-
spheric mantle origin (MLM). Lamprophyres form at 
depths of 60-190km within the mantle (O’ Neill, Wyman 
2006). However, asthenospheric lamprophyric rocks 
also exist (e.g. the crustally contaminated GL10 in Ta-
ble 2). These compared with the lithospheric rocks have 
TiO2>2 and Ti/Y>370 (Ma et al. 2014). Sample GL10 dif-
fers greatly from all other studied rocks. This sample 
shows also a uniquely high enrichment in V (1126 ppm) 
and Sc (56 ppm) compared with other lamprophyric 
rocks from around the world (Rock 1987; Scarrow et al. 
2008). Lamprophyres with an asthenospheric imprint 
have addi  onally been found in the mount Dikeos gran-
itoid of Kos island (Soder 2017);
g. Be aware that the features of the REE distribu  on cor-
relate with the content of K. Spidergrams should gener-
ally be avoided in the case of lamprophyric rocks since 

they were devised for simple rocks like oceanic basalts. 
They are not devised for MLM rocks where complex pro-
cesses such as autometasoma  sm take place (Mitchell 
pers. communica  on).

5. Final remarks

Although lamprophyric rocks appear as a serious pe-
trological problem since the 19th century, macroscop-
ic, petrographic and geochemical observa  ons are in-
deed very useful for the iden  fi ca  on of these complex 
rocks. With the three basic steps men  oned above a 
non-expert geologist could locate, classify and analyze 
gene  cally dis  nct lamprophyric types such as calc-al-
kaline, alkaline and ultramafi c lamprophyres, rare alkali 
mine  es, metamorphosed lamprophyres, appini  c gab-
broids and lamproite-like para-lamproites. The Greek 
Metasoma  zed Lithospheric Mantle rocks are generally 
primi  ve and have a subduc  on signature. The original 
source magmas seem to have been con  nental island 
arc basalts. 
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