
1 
 

The evolution of REE mineralisation within the DitrŁu Alkaline 

Complex, Romania: interplay of magmatic and hydrothermal 

processes 
 
V. C. Honour1,2; K. M. Goodenough3; R. A. Shaw4; I. G. Radulescu5; P.Hirtopanu 6 

1 Department of Earth Sciences, University of Cambridge, Cambridge, CB2 3EQ, UK; vch28@cam.ac.uk 
2 Camborne School of Mines, University of Exeter, Penryn, Cornwall, TR10 9FE, UK 
3 British Geological Survey, the Lyell Centre, Research Avenue South, Edinburgh EH14 4AP, UK 
4 British Geological Survey, Environmental Science Centre, Keyworth, Nottingham NG12 5GG, UK 
5 012424 Bucharest, Romania 
6 Department of Mineralogy, University of Bucharest, Romania 

 

ABSTRACT 

The DitrŁu Igneous Complex (NE Romania) is a tilted Mesozoic layered alkaline intrusion (~19 km diameter), 

with enrichments in rare earth elements (REE), niobium, tantalum and molybdenum. It has the potential to 

contribute to a secure and sustainable European REE mining industry, ensuring supply security for these critical 

metals. The complex comprises layered ultramafic rocks, alkali gabbros, diorites, syenites, nepheline syenites 

and alkali granites. These units have been significantly modified by sub-solidus interaction with late-stage 

magmatic fluids and are cut by secondary mafic dykes, which formed after the intrusion solidified. The complex 

was subsequently cut by REE-mineralised carbonate-rich veins. Geochemical and petrological data, including 

apatite mineral chemistry, from the alkaline igneous rocks, dykes and veins within the DitrŁu Complex, have 

been used to assess the interplay of magmatic processes with late-stage magmatic and hydrothermal fluids, and 

the effects of these processes on element remobilisation and concentration of critical metals. Only limited critical 

metal enrichment was achieved by magmatic processes; the REE were preferentially incorporated into titanite 

and apatite in ultramafic cumulates during primary crystallisation, and were not enriched in evolved magmas. 

A hydrothermal system developed within the DitrŁu Complex magma chamber at the later stages of magmatic 

crystallisation, causing localised alteration of nepheline syenites by a sodium-rich fluid. Later mafic dykes 

subsequently acted as conduits for late stage, buoyant potassic fluids, which leached REE and HFSE from the 

surrounding syenitic rocks. These fluids percolated up and accumulated in the roof zone, causing the breakdown 

of nepheline to K-rich pseudomorphs and the precipitation of hydrothermal minerals such as zircon and 

pyrochlore within veins. REE mineralisation within the DitrŁu Complex is hosted in the latest hydrothermal 

phase, mineralised carbonate-rich veins which cross-cut the complex. Monazite is the main REE-bearing phase 

which crystallised from a late REE- and carbonate-rich fluid with pH controlled REE deposition. 
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INTRODUCTION  

Rare earth elements (REE) and other ócritical metalsô are vital to many of todayôs technologies, crucial to 

providing competitive, yet sustainable economic growth (Graedel et al., 2014).  Within the European Union, 

REE have been recognised as having clear supply risks and being of significant economic importance, pushing 

them onto the critical metals agenda and ensuring a focus from the European Commission (EC) (European 

Commission, 2017).  Recycling of REE is minimal, despite ongoing research (Binnemans et al., 2013; Reck and 

Graedel, 2012; Schulze and Buchert, 2016; Tanaka et al., 2012), and REE substitutes are generally less effective 

(Stegen, 2015). Consequently, future supply will require primary extraction (U.S. Geological Survey, 2015).  In 

2017, global supply of REE came from a very limited number of countries, with China supplying 95% of HREE 

and 95% of LREE (European Commission, 2017).  Restriction to the global supply of rare earths would have 

negative impacts, not only technological but also for national security (Humphreys, 2014).  Europeôs rare earth 

resources are under-studied with no current production from primary resources. Yet domestic REE deposits 

have the potential to supply all of Europeôs demand for the foreseeable future (Goodenough et al., 2016).  The 

European Commission-funded EURARE project (www.eurare.org) aims to establish the basis for sustainable 

REE mining and production within Europe, thus increasing supply security for Europe-based manufacturers and 

consumers (Balomenos et al., 2017). 

Currently the most studied REE deposits in Europe are associated with either carbonatites (e.g. Fen in Norway) 

or with highly peralkaline igneous rocks (e.g. Norra Kärr in Sweden and Kvanefjeld and Kringlerne in the 

Ilímaussaq Complex of west Greenland; Upton et al., 2003; Holtstam et al., 2014; Goodenough et al., 2016). 

However, REE mineralisation also exists in association with hydrothermally altered alkaline igneous rocks. In 

this paper we describe one such intrusion with late-stage hydrothermal REE mineralisation: the DitrŁu Complex 

in eastern Transylvania, Romania (Fig. 1).  

The DitrŁu Complex is a Triassic alkaline layered intrusion (Dallmeyer et al., 1997; Fall et al., 2007; Morogan 

et al., 2000; Pál-Molnár et al., 2015; PanŁ et al., 2000) with REE, niobium (Nb) and molybdenum (Mo) 

mineralisation (Hirtopanu et al., 2013a, 2013b, 2010).  The intrusion has exposures through the entire range of 

compositions formed by cumulate processes (e.g. Jakab, 1998; Morogan et al., 2000).  The intrusion is cut by 

multiple dykes of mafic and lamprophyric lithologies (Batki et al., 2014) and carbonate veins, 1ï2 m wide, 

which host REE mineralisation.   

This paper characterises the origin of the REE mineralisation and its association with hydrothermal fluids within 

the DitrŁu Complex. New geochemical and petrological data for key lithologies and mineralised material are 

correlated with field relationships to provide an integrated overview of the evolution and genesis of 

mineralisation, in the context of the magmatic and hydrothermal system.  

GEOLOGICAL BACKGROUND : PREVIOUS WORK  

The DitrŁu Complex in north-east Romania was formed in the mid-Triassic, during extensional activity 

associated with continental rifting during Tethyan evolution (Pál-Molnár and Arva-Sos, 1995; PanŁ et al., 2000; 

Stampfli, 2000). Unlike the voluminous Central Atlantic Magmatic Province generated by rifting of the Atlantic 

during the Jurassic ï Triassic transition (Blackburn et al., 2013), the Alpine Tethyan rifting generated minimal 

magmatic activity (Stampfli, 2000), so the DitrŁu Complex is not part of a recognised alkaline province. The 

DitrŁu Complex is exposed over an area of 19 by 14 km (Pál-Molnár et al., 2015) and intrudes Variscan-

metamorphosed Precambrian and Cambrian crystalline basement rocks of the Bucovinian nappe within the 

Eastern Carpathians (Balintoni and Balica, 2013; Hoeck et al., 2009), with a 1ï3 km contact aureole (Anastasiu 

and Constantinescu, 1978; Streckeisen and Hunziker, 1974). 

In the Middle Cretaceous to Tertiary the DitrŁu  region was deformed by Alpine tectonic events, which formed 

a nappe system (Dewey et al., 1973; Krautner and Bindea, 1998; Schmid et al., 2008).  The complex is now 

partially obscured by Pliocene-Pleistocene sediments and lacustrine deposits of the Gheorgheni and Jolotca 

http://www.eurare.eu/
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Basins (Codarcea et al., 1957; Krautner and Bindea, 1998) and superimposed Cenozoic magmatism of the 

Calimani-Gurghiu-Harghita volcanic chain (RŁdulescu et al., 1973; Szakacs et al., 1997).    

The majority of past study on the DitrŁu Complex has focused on the igneous geology (e.g. Batki, 2009; Batki 

et al., 2014; Fall et al., 2007; Morogan et al., 2000; Pál-Molnár, 2010; Pál-Molnár et al., 2015) and the 

mineralogy of the REE-carbonate veins, (Hirtopanu et al., 2015, 2013a, 2013b, 2010).  The complex has 

previously been described as a ring structure with successively younger intrusions becoming more felsic from 

west to east: ultramafics, alkali gabbros and diorites out crop in the north-west whilst syenites, nepheline 

syenites and alkali granites lie to the south-east (Morogan et al., (2000). Dyke intrusions have previously been 

considered as the culmination of the magmatic activity (Batki, 2009; Batki et al., 2014).   

Key geographical areas of the DitrŁu Complex are delineated by Morogan et al., (2000): the northern area around 

the village of Jolotca (the Jolotca region); the main area, lying to the east of the village of DitrŁu (the DitrŁu 

region); and the southern region of LŁzarea.  Jolotca and DitrŁu are separated by a zone of faulting (Fig 1). The 

area west of DitrŁu is very poorly exposed.    

The Jolotca area is characterised by outcrops of mafic to ultramafic igneous rocks, including alkali gabbro and 

alkali diorite (Morogan et al., 2000). These rocks are inferred, on the basis of gravity and magnetic surveys, to 

extend laterally eastward beneath the complex (Jakab, 1998).  In the centre of the complex there is a hybrid zone 

of magma mingling and igneous brecciation that includes gabbroic, dioritic and syenitic lithologies; this 

combination is referred to by Streckeisen (1960) as the óDitr· essexitesô (Table 1). The transition zone from 

mafic to felsic lithologies occurs over c. 2 km.   

The east of the complex is dominated by felsic rocks (syenites, nepheline syenites and alkali granites)  which 

show varying degrees of alteration (Jakab, 1998; Morogan et al., 2000). Previously the undersaturated syenites 

of the complex have been divided into óWhite Syeniteô and óRed Syeniteô (Jakab, 1998).  The óRed Syeniteô 

forms patchy bodies within the óWhite Syeniteô.  Morogan et al. (2000) and Fall et al. (2007) refer to the óWhite 

Syeniteô as nepheline syenite because it contains fresh nepheline, which is partially replaced by cancrinite.  

Jakab's (1998) óRed Syeniteô contains pseudomorphs after nepheline, composed of micaceous aggregates that 

are indicative of nepheline alteration and haematisation (Morogan et al., 2000; Fall et al., 2007).  Jakab (1998) 

suggests that óRed Syeniteô is hydrothermally altered to óWhite Syeniteô based on relict structures and the 

smaller volume of óRed Syeniteô observed in drill core. However, Morogan et al. (2000) consider that the 

nepheline syenite has been hydrothermally altered to óRed syeniteô. The óRed Syeniteô is enriched in HFSE-

bearing minerals (Jakab, 1998). In this paper, a revised terminology is proposed, as described below and shown 

in Fig. 1.  

Since the discovery of the DitrŁu Complex in 1859 (Herbich, 1859), numerous genetic models have been 

proposed, ranging from metasomatic to magmatic in origin, and single to multiple magma emplacement events. 

The models include magmatic differentiation and wall-rock assimilation (Ianovici, 1938); metasomatism by a 

Na-rich fluid permeating the country rock (Codarcea et al., 1957); magmatic differentiation of an alkali parent 

magma (Streckeisen, 1960); partial-melting of silica-poor crustal rocks producing a basic magma and a sialic 

alkaline magma (Anastasiu and Constantinescu, 1982); and a two stage emplacement process (Pál-Molnár and 

Arva-Sos, 1995). This last model was superseded by  Krautner and Bindea's (1998) four stage model, which 

compiled all isotope dates on the complex to suggest that emplacement of the DitrŁu intrusion spanned a 70 

Myr interval across the Triassic and Jurassic. These dates fitted with the intrusionôs overall history suggested 

by Streckeisen and Hunziker (1974). The stages described by Krautner and Bindea (1998) are: (1) c. 230 Ma, 

mafic and ultramafic intrusions in the Jolotca region, dated by four K-Ar analyses and two 40Ar-39Ar plateau 

ages of 231.5 ± 0.1 Ma and 227.1 ± 0.1 Ma on hornblende (Dallmeyer et al., 1997; Streckeisen and Hunziker, 

1974); (2) c. 215 Ma, gabbros, diorites, monzodiorites, monzonites, syenites and quartz syenites (Krautner and 

Bindea, 1998); (3) c. 165-160 Ma, intrusion of nepheline syenites and formation of the óDitr· essexitesô (of 

Streckeisen (1960)) by hybridisation and metasomatism, followed by a series of dykes. These lithologies were 
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dated by K-Ar on biotite in nepheline syenite (Streckeisen and Hunziker, 1974); (4) c. 115 Ma, final 

hydrothermal activity associated with nappe transport due to tectonic uplift. 

These past models were based on isotope ages from the 40Ar/39Ar, K-Ar and Rb/Sr systems, with the ages given 

direct geochronological legitimacy despite the limited precision of some of the analyses (Dallmeyer et al., 1997; 

Pál-Molnár and Arva-Sos, 1995; Popescu, 1985; Streckeisen and Hunziker, 1974; Zincenco, 1996). The 

inconsistencies, spread of data and potential for disrupted Ar degassing due to Alpine tectonics, make the models 

based on these ages ñhighly suspectò (PanŁ et al., 2000).  Most recently, PanŁ et al. (2000) use U-Pb zircon ages 

to date a sample of syenite from near Jolotca village at 229.6 +1.7/-1.2 Ma. The 40Ar-39Ar dates produced by 

Dallmeyer et al. (1997) are within error of these U-Pb zircon ages, indicating contemporaneous emplacement 

of syenite and gabbroic magmas, with a relatively short magmatic evolution of the DitrŁu Complex.   

The igneous rocks of the Jolotca area are cut by later veins hosting REE mineralisation, generally up to 1 m 

wide, trending E-W and dipping 60°N (G. Jakab & M. D. Cernaianu, 2015, pers. comm.).  The mineralogy 

comprises LREE-phosphates, LREE-silicates and LREE-carbonates, with pyrite, molybdenite, Ta and Nb-

bearing phases (such as ilmenorutile), all hosted in a carbonate gangue (Hirtopanu et al., 2013a, 2010; SŁbŁu, 

2009).  In the south-east, 2.5 km outside the DitrŁu Complex lies another area of vein-hosted mineralisation, 

named Belcina. Mineralisation at Belcina is analogous to the mineralised veins at Jolotca. The Belcina veins 

comprise Y-phosphates, Th-silicates, zircon, minor sulfides, and Nb- and Ta-bearing phases in a carbonate 

gangue (Hirtopanu et al., 2013a, 2013b). Previous testwork on processing the ore from these veins cutting the 

DitrŁu Complex has demonstrated the potential of producing mineral concentrates with high REE grades 

(Zlagnean et al., 2000). 

The DitrŁu Complex was explored for economic mineralisation during government-led exploration in the 

20th century, with a focus on the cross-cutting mineralised veins. There are multiple historic adits and galleries 

(with associated waste dumps) in the Jolotca region, but none are currently accessible.  Five deep (c. 1400 m) 

cores were drilled during government-led exploration. The majority of core has been lost or remains under state 

ownership with restricted access.  However, there is a limited selection at the geological museum in Gheorgheni, 

Romania.  To date, study of the mineralisation has not included any holistic model for the DitrŁu Complex. 
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Figure 1. Simplified geological map redrawn after Jakab (1998), Krautner and Bindea (1998), Fall et al. (2007) and Batki (2009), with 

adaptions based on fieldwork observations and lithology nomenclature from this study. Only localities where samples were 

ŎƻƭƭŜŎǘŜŘ ŀǊŜ ŘŜƴƻǘŜŘΦ LƴǎŜǘ ǎƘƻǿǎ ǘƘŜ Ǉƻǎƛǘƛƻƴ ƻŦ ǘƘŜ 5ƛǘǊŇǳ /ƻƳǇƭŜȄ ƛƴ wƻƳŀƴƛŀΦ  
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Table 1. A summary of previous lithology names from the literature, compared to the new lithodemic classification provided by this 

paper. 
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GEOLOGY OF THE COMPL EX 

Previous work has focused on the age and petrogenesis of the igneous rocks and investigation of the mineralogy 

of the REE veins, but the relationships between the two have not been described in detail. This section lays out 

our current understanding of the structure of the DitrŁu Complex, including the late REE veins, based on an 

assessment of all previous work and on fieldwork carried out during summer 2015.  The DitrŁu Complex is 

characterised by moderate topography, with rolling hills covered in grass and thick woodland. Outcrops are 

largely found in stream valleys, road cuts and old quarries, with boulder fields on hill tops providing additional 

geological information. The mineralised veins have previously been exploited but the adits are now closed; mine 

dumps therefore provide valuable specimens of the vein material.  

The complex is exposed such that outcrops provide a transect from mafic-ultramafic cumulate rocks through to 

the highly evolved nepheline syenites and quartz syenites.  Previous publications (Fall et al., 2007; Jakab, 1998; 

Morogan et al., 2000) have used a variety of unit names that are not consistent with observations made in the 

field during this study.  Consequently, it has been necessary to propose a new set of lithological units (Table 1); 

the formal lithodemic classification for this work is based on non-genetic, descriptive field observations, 

supplemented by optical microscopy and previous literature.  These units are described below and their 

distribution is shown on Fig 1.  

Jolotca amphibolite  
The most primitive lithology in the DitrŁu Complex is the Jolotca amphibolite, a black, medium-grained, 

amphibole-dominated, locally foliated ultramafic rock found as discrete bodies in association with the gabbros 

and syenodiorites of the Jolotca region (Pál-Molnár et al., 2015). In situ exposures are typically highly weathered 

and take the form of eroded gullies. However, fresh Jolotca amphibolite can be observed in hand specimens at 

a number of mine waste dumps. Accessory minerals in the amphibolite include randomly oriented cumulus 

titanite, up to 1 cm long (Fig 2(a)). The amphibolites are commonly cut by <2 mm carbonate veins. In both 

outcrops and mine dumps the amphibolites are cross-cut by abundant 5ï20 cm wide pegmatitic and aplitic 

syenite veins. Other ultramafic rocks, peridotites and pyroxenites, are reported by Morogan et al. (2000) but 

were not seen in this study.   

SŁrmaἨ gabbro  
SŁrmaἨ gabbros are exposed in the west of the complex and can be studied in the limited drill core held by the 

state and G. Jakab in Gheorgheni, Romania. They crop out in the Jolotca region in weathered gullies (similar to 

the Jolotca amphibolite); in fresher outcrops close to the town of DitrŁu; and in a hybrid zone with DitrŁu syenite 

(see below) to the east of the town of DitrŁu. The freshest samples are found as blocks (10ï80 cm) in mine 

waste dumps.  

The coarse-grained gabbros within the Jolotca and DitrŁu region are characterised by granular amphibole, 

plagioclase feldspar and titanite.  Accessory minerals include magnetite, apatite and zircon.  Medium-grained 

gabbros were observed in one outcrop in a quarry within the Jolotca region and are similarly massive and 

composed of amphibole, biotite, plagioclase and titanite. The gabbros have a variably present, weak foliation. 

This unit is comparable to the alkali gabbro I of Morogan et al. (2000) and Jakabôs (1998) alkali gabbros seen 

in deep drill-cores across the complex.   

In the Jolotca area a dimension stone quarry provides excellent exposures demonstrating magmatic processes 

(locality VCH-3; Supplementary Table 1). Multiple mafic enclaves c. 5ï10 cm diameter are elongated to form 

parallel lenses, giving the outcrop a banded appearance. These enclaves were described as óAlkali Gabbro IIô 

by Morogan et al. (2000). The enclaves are surrounded by strongly foliated interstitial syenite (Fig 2(b)). There 

is a horizontal contact across which there is a rapid change from enclave-dominated to syenite-dominated. 

Across 2 m of stratigraphic height, the mafic enclaves disappear (from the 2D perspective visible in the quarry 
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cut). Observations from the quarry provide evidence of both magma mingling and deformation within the 

magma chamber. 

Gabbro hybrid units  

In the hybrid zone east of DitrŁu, gabbros are cut by sheets and net-veins of coarse-grained nepheline syenite 

forming sub-angular to angular gabbroic enclaves, with sharp boundaries but no chilled or baked margins (Fig 

2(c)). In a few places, gabbro-syenite contacts are diffuse over a few cm, with partially disaggregated enclaves. 

Locally within the enclaves, ultramafic (amphibolite) clots up to 10 cm in diameter occur. This zone shows 

significant variations in deformation state, with the magmatic textures grading, over hundreds of metres, into 

intensely foliated and deformed lithologies that are well-exposed in roadside outcrops (locality VCH-16; 

Supplementary Table 1). This intense deformation indicates active shearing within the magma chamber. 

Streckeisen (1960) referred to the hybrid outcrops as óDitr· essexitesô (Table 1). Our observations indicate 

complex magmatic textures developing in a highly active magma chamber, with evidence for magma mixing 

and mingling, as proposed by Morogan et al. (2000). The evidence does not support Jakab's (1998) proposal 

that the óessexitesô were formed by metasomatism of country rock.  

Ditr Łu syenite 
The DitrŁu syenite lies chiefly on the western side of the complex with good exposures in the Jolotca and 

LŁzarea areas. The DitrŁu syenite is a mela-syenite, ranging from medium (1ï5 mm) to coarse-grained (> 5 

mm) and is dominated by tabular alkali feldspars, amphiboles (<1 cm wide), biotite, accessory euhedral titanite 

(<5 mm) and magnetite. The DitrŁu syenite is heterogeneous, locally becoming more dioritic with increasing 

amounts of modal amphibole (comprising 15ï40 % of the rock). Nepheline and HFSE-rich accessory minerals 

are notably absent. The syenitic texture varies from massive to foliated, with an igneous foliation defined by 

euhedral feldspars and amphibole. The lithology is cut by abundant aplitic veins (1ï3 cm wide) and fine-grained 

mafic dykes. The DitrŁu syenite as defined here encompasses the rock-types described as syenite-monzosyenite 

by Krautner and Bindea (1998) and Morogan et al. (2000).   

GhiduŞ nepheline syenite 
Nepheline syenites are dominant in the central and eastern areas of the DitrŁu Complex, near to the village of 

GhiduŞ. The best exposures are in trial quarries, extensive road-cuts and the valley-side. The nepheline syenite 

is white and generally massive (Fig 2(d)). The modal mineralogy is spatially heterogeneous on the scale of tens 

of metres, and can grade into the Bear-valley mafic syenite (described below).  

The GhiduŞ nepheline syenite is a granular, coarse-grained rock, characterised by medium-grained to very 

coarse-grained tabular, white alkali feldspars (<4 cm) and large (1ï2 cm) grey, euhedral nepheline. Nepheline 

is locally altered to cancrinite, with yellow rims around nepheline crystals visible in hand specimen. Patchy blue 

sodalite typically follows 2ï3 mm wide fractures, and is also found interstitial to the feldspars and nepheline. 

Amphibole and biotite are present (up to 20%) in medium-grained nepheline syenites, but not in the coarsest-

grained varieties. The GhiduŞ nepheline syenite is equivalent to the óDitroiteô and the white nepheline syenites 

(Table 1), described by Jakab, (1998), Morogan et al. (2000) and Fall et al. (2007).   

A superb 40 m wide exposure was observed in a quarry lying adjacent to the track which cuts through the DitrŁu 

Valley (locality VCH-14; Supplementary table 1). The outcrop has a well-defined set of steeply westward 

dipping fractures. A weathered biotite-filled dyke (0.3 m wide) cuts the GhiduŞ nepheline syenite parallel with 

the fractures (Fig 2(d)). The quarry exhibits a 20 m transition zone from fresh nepheline syenite to an altered 

variant surrounding the dyke. The GhiduŞ nepheline syenite in close proximity (<2 m) to the mafic dyke contains 

large biotites and zircons (up to 1 cm) and greenish mica aggregates replacing nephelines. Altered mafic dykes 

cutting the GhiduŞ nepheline syenite are common and this locality demonstrates that host rock alteration can be 

developed along the margins of the dykes. 
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Bear-valley mafic syenite 
The Bear-valley mafic syenite is intimately associated with the GhiduŞ nepheline syenite, but exposure of mafic 

syenite is limited. Samples were collected in the centre of the complex and towards the LŁzarea region. The 

Bear-valley mafic syenite contains small amounts of nepheline, but is notably more mafic than the GhiduŞ 

nepheline syenite with greater than 35% mafic minerals. The mafic syenite is medium- to coarse-grained and 

generally has a foliation defined by mafic minerals. Xenoliths of amphibolite (2ï4 cm in width) are found within 

the Bear-valley mafic syenite. 

LŁzarea altered nepheline syenite (LANS) 
The LANS predominates along the south-easterly margin of the DitrŁu Complex. This unit has previously been 

named the óRed syeniteô (G. Jakab, 2015, pers. comm) and the ñred, hydrothermally altered varietyò of nepheline 

syenite (Morogan et al., 2000). Variation in the LANS can be well-studied in mine dumps on the eastern side 

of the intrusion (locality VCH-13; Supplementary Table 1; Fig 2(e)). Good exposures of LANS are rare, but 

small outcrops and mine dump material can be seen on the hills north-east of LŁzarea and along road cuts in the 

NE of the complex. 

Grain size is variable, fluctuating from coarse- to very coarse-grained (5 to >10 mm respectively). The unit 

contains haematite throughout giving the characteristic red colour, but this colouration is not always indicative 

of, nor essential to, the LANS. The LANS is characterised by dull green pseudomorphs after nepheline (0.2ï3 

cm), large alkali feldspars (0.5ï1 cm) and up to 15% mafic minerals (both biotite and amphibole). The 

proportion of mafic minerals decreases to 5% as crystal size increases. Molybdenite is found within the unit, 

generally along fractures, and is seen in association with fluorite in the east of the complex.   

The LANS locally shows a pre-full crystallisation foliation which is defined by the mafic phases and is strongest 

in the medium-grained syenite, with moderate foliation in the coarse-grained syenite. The altered nepheline 

syenites are cut by a wide variety of later veins and fractures. The fractures are clearly visible in hand-specimen 

as they are generally red due to the presence of haematite (Fig 2(e)). Felsic veins (aplitic and pegmatitic), mafic 

veins (microdiorite to amphibolite), biotite-rich and sulphide-rich veins and carbonate veins, with an abundance 

of accessory minerals (e.g. zircon, pyrochlore, and apatite), 0.3ï10 cm wide cut the foliation, often with 

haematised vein margins.  

Sheets of LANS (~15 cm wide), extend out into the thermal contact aureole, cutting the country rock schist in 

a number of hill-top boulders in the LŁzarea area.  

Hagota quartz syenite 
Quartz syenites are found in the Jolotca area and north-east of the complex, as recognised by previous authors 

(Batki, 2009; Jakab, 1998; Morogan et al., 2000).  They are massive, medium-grained granular rocks, comprised 

of alkali feldspar and quartz with accessory biotite. Alkali granites have also been described, but were not 

recognised during our fieldwork.  

Mafic-ultramafic dykes 
Fine-grained mafic dykes, including lamprophyres (15ï50 cm wide; Batki, 2009) cut all major lithologies, 

excluding the Hagota quartz syenite. The dykes are black to dark grey and characterised by fine-grained feldspar 

(<5%) and amphibole. They are altered along their margins, with amphibole replaced by biotite (Fig 2(d)). This 

creates a characteristic ófriableô texture which extends variably to the centre of the dyke. 

Mineralised veins 
Mineralised veins with a carbonate gangue cross-cut mafic-ultramafic lithologies of the DitrŁu Complex in the 

Jolotca region, and country rocks in the Belcina area. No in-situ outcrops have been found within the Jolotca 

region and therefore the characteristics described here are from mine dump samples.  Jakab (2015, pers. comm.) 

describes the carbonate mineralised veins at Jolotca as typically 1 m wide, trending E-W, parallel with the 
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Jolotca valley and dipping 60°N.  Previous mineral exploration suggests that faulting has offset the veins (Jakab, 

2015, pers. comm.). 

A wide range of minerals has been described in these veins (Hirtopanu et al., 2015, 2013a, 2010; e.g. Jakab, 

1998); of these rutile, monazite and pyrite were recognisable in hand specimens in the Jolotca area. The 

monazite gives the veining a red colouration, making it easy to identify in the field (Fig 2(f)). The veins in the 

Belcina area contain xenotime and thorite as well as sulfide minerals, and are highly radioactive. Samples could 

therefore not be obtained safely. 

Structure of the Complex 
Previous authors have suggested that the DitrŁu Complex represents a ring intrusion (e.g. Morogan et al., 2000; 

Pál-Molnár, 2000; Pál-Molnár et al., 2015), although the presence of cumulate structures has been recognised 

(Morogan et al., 2000; Pál-Molnár et al., 2015). However, we consider that the field evidence is more consistent 

with emplacement in a broadly horizontal magma chamber that has subsequently been tilted towards the east. 

Although the Carpathian Cenozoic thrust systems are east-facing, the Bucovinian nappe has been folded during 

Cenozoic thrusting (Matenco et al., 2010), and the tilting of the DitrŁu Complex may well be attributable to this 

folding. The mafic to ultramafic cumulates (the Jolotca amphibolite and SŁrmaἨ gabbro) show clear banding 

and foliation dipping broadly eastward, and are considered here to represent the original lower part of the magma 

chamber. The evidence of extensive hybridisation in the central part of the magma chamber (gabbro hybrids) 

indicates more highly evolved magmas mixing and mingling with the mafic crystal mush. The GhiduŞ nepheline 

syenite represents the most highly evolved magmas in the upper part of the chamber, with the LANS 

representing an intensely altered roof zone.  

A zone of deformation transects the complex, running NE from the town of DitrŁu. Much of this zone is covered 

by younger sediments, but where outcrops are exposed the gabbros and gabbro hybrids are seen to be strongly 

deformed, near-mylonitic. Relatively undeformed syenitic veins cut across this deformation fabric, indicating 

that the fabric formed within the magma chamber. The high-temperature deformation within these outcrops 

most likely indicates a zone of active shearing within the magma chamber, which has been subsequently 

reactivated by later faulting. Brittle faults and fractures are common within the complex. 

  



11 
 

 

Figure 2. CƛŜƭŘ ǇƘƻǘƻǎ ŦǊƻƳ ǘƘŜ 5ƛǘǊŇǳ /ƻƳǇƭŜȄΦ όŀύ WƻƭƻǘŎŀ ŀƳǇƘƛōƻƭƛǘŜ ƘŀƴŘ ǎǇŜŎƛƳŜƴ ŎƻƴǘŀƛƴƛƴƎ ƭŀǊƎŜ ǘƛǘŀƴƛǘŜ ŎǊȅǎǘŀƭǎΤ όōύ ƳŀƎƳŀ 

mingling in the Jolotca regionΣ ƴƻǘŜ ǘƘŜ ƳŀŦƛŎ ŜƴŎƭŀǾŜǎΤ όŎύ ƳŀƎƳŀ ƳƛƴƎƭƛƴƎ ƛƴ ǘƘŜ 5ƛǘǊŇǳ ǾŀƭƭŜȅ ōŜǘǿŜŜƴ DƘƛŘǳס ƴŜǇƘŜƭƛƴŜ ǎȅenite 

ŀƴŘ {ŇǊƳŀǓ ƎŀōōǊƻΣ ǿƛǘƘ WƻƭƻǘŎŀ ŀƳǇƘƛōƻƭƛǘŜ ȄŜƴƻŎǊȅǎǘǎΤ όŘύ ŀƭǘŜǊŜŘ ƳŀŦƛŎ ŘȅƪŜ ŎǳǘǘƛƴƎ ǘƘŜ DƘƛŘǳס ƴŜǇƘŜƭƛƴŜ ǎȅŜƴƛǘŜ ƛƴ ǘƘŜ 5ƛǘǊŇǳ 

ǾŀƭƭŜȅΤ όŜύ [ŇȊŀǊŜŀ ŀƭǘŜǊŜŘ ƴŜǇƘŜƭƛƴŜ ǎȅŜƴƛǘŜ ǿƛǘƘ ŦǊŀŎǘǳǊŜǎ ŘŜŦƛƴŜŘ ōȅ ǊŜŘ ƳƛƴŜǊŀƭǎΣ ǎŀƳǇƭŜŘ ƛƴ ǘƘŜ [ŇȊŀǊŜŀ  ǊŜƎƛƻƴΤ όŦ) mineralised 

vein hosting monazite and pyrite in a carbonate gangue taken from an adit waste dump in Jolotca. Mineral abbreviations used in 

photos are taken from Whitney and Evans, (2010). 


