Article 1: Qtz veining in Gabro
Introduction

The metamorphism of the metagabros near blakstad in the Bamble sector shows a strong relation with quartz veining. Typical leocosomes related to the M1 migmatitisation consist of quartz feldspar. Remarkably Grt is often only present near these leucosomes. This is though not the most striking relation between Grt and quartz; at some localities qtz and grt are intergrown in beautiful symplectites. The presence of grt-bearing and garnet free amphibolites in the area made us speculate in the reason for this. The relation between Qtz and Grt indicate that the introduction of silica had an important influence. An other explanation could be the protholith chemistry i.e. variations in Al-contnent. Alternatively the garnets may have disappeared in some of the amphibolites during retrogression. In this paper we present documentation on clear field relations between coronitic gabro and its metamorphosed producs; Grt-bearing amphibolites. The Qtz veins don’t seem to be related to the high grade event only, because a retrograde mineral assemblage is often observed around qtz veins. However the closer inspection of such apparently retrograde qtz veins uncovers their poly-metamorphic history. 

The M1 alteration of the gabro.
Skytebanen locality

Field relations

At the Skytebanen locality the degree of exposure is exceptionally good. This allows the detailed study of the transition from a coronitic gabro to Grt-amphibolite with cm-dm-sized grt and black amphibole. The later retrogressions, though sparse may also be studied in detail because of the good degree of exposure. Based on field observations the rocks of the mapped area may be divided into the following units:

1. Coronitic gabro 
2. Grt-amphibolite with small Grt and preservation of subophitic texture. 
3. Banded Grt-amphibolite with cm-dm sized Grts, and banding between dark amphibole rich layers and light plagioclase rich layers. Grts are in the dark layers and are surrounded by black amphibole rim. 
4. Grt-Qtz and Qtz-pl symplectites. 
5. Gneiss/quartzite/amphibolite mixture zone. 
6. Quartzite with extremely coarse grain size and blue Qtz. 
7. Pegmatites. Late cuts all the other units. 
The change from coronitic gabro the Grt amphibolite is gradual. Though clearly a gabro the coronitic gabro is not free of metamorphic Grt, and pyroxene grains are always surrounded by a black rim. Only half a meter away from the zone where the pyroxene grains can clearly be recognized the gabro is completely altered to a Grt-amphibolite (1). Grt-amphibolite(1) grades into Grt-amphibolite(2) over a distance of about two meters. Grt-amphibolite (2) follows Grt-amphibolite (1) and is distributed as a 6 m thick layer. Garnets are always partially altered, however two types of alteration can be distinguished: late chlorite altereation along cracks and breakdown of Grt to amphibole and???. Even though there is not a systematic distribution of grts affected by alteration of type two there is a striking difference between their appearance. While fresh grts are irregular in shape altered grts are rounded. The most logic interpretation of this observation is that the grts grew in a low strain environment, and that deformation started after the growth of the garnets, resulting in their partial breakdown. Towards the boundary to unit (5) the amount of Grt gradually decreases, but the black amphibole rich layers persists as dark schlieren though in significantly smaller amount.  Unit (5) is a mixture of gneiss, amphibolite and quartzite. The widespread occurrence of green amphibole in this unit indicates that it was subjected to more retrogression than the other units. Probably the contact between amphibolite and quartzite acted as a weakness zone during retrogression because of the large lithological contrast, and thus rocks of the two neighbouring units were somewhat intermingled. Sigmoidal bodies consisting of deformed Qtz schlieren constantly indicate a dextral sense of shear seen from the top, during retrogression. The Grt-Qtz and Qtz-Pl symplectites are not evenly distributed within the amphibolite, but mainly occur in two areas (see map). When properly exposed it is revealed that they occur as lensoid shaped bodies in layers. Thick parts of these layers often consist of Grt-Qtz symplectites connected by bridges of Pl-Qtz symplectites. This resembles a boundinage texture. Qtz-Grt symplectites are much harder than Pl-Qtz symplectites and this offers an easy explanation of the boundinage texture. The question remains however: How did these symplectites form? The intergrowth texture between Grt and Qtz suggest that they grew simultaneously. This also account for the intergrowth between Qtz and Pl. The distribution of symplectites in layers points to a magmatic origin, in good agreement with the symplectitic texture, which is also typical magmatic. The prominent variation between Pl-Qtz and Grt-Qtz symplectites indicate that the composition of this magma was controlled by   local variations in host rock chemistry and thus the melt must be locally derived i.e. migmatitic minimum melts formed in the amphibolites during peak T-metamorphism. Hence the minimum melting temperature of the melt-composition in the symplectites gives an estimation of the peak metamorphic conditions if not the melt melting occurred as a result of the introduction of an aqueous fluid causing a lowering of the minimum melting solidus.

Petrographic relations

        i.                                                            Grt-Qtz symplectites

The mineralogy of the Grt-Qtz symplectitic intergrowth are Brown, hbl + green amphibole and Bt and finally feldspar. Opaques are ilmenite, pyrrhortite, chalcopyrite and minor rutile on the edges of ilmenite grains. As ilmenite is occurring as inclusions within the Grt the interpreted as primary. The sulfides are more doubfull in origin seen in optical microscopy alone. SEM-CL reveal that the symplectites contain two Qtz types:

1: Bright luminescent Qtz, both evenly luminescent and cracked qtz with bright luminescent islands surrounded by narrow lower luminescent cracks. A closer inspection of the bright islands reveal xxx-sized luminescence quenched spots with the brightly lumiscent Qtz. This texture is consitent with the pattern of many tiny rutlie needles which are exsolved with the Qtz grains.

2:Greyish evenly luminescent with faint but distinct small scale oscillatory zoning

Two main types of fluids dominate the qtz grt symplectite samples Gaseuos CO2 inclusions and Brines. The gas dominated inclusion are found with within bright luminescent qtz, especially in zones where it appear less cracked-non cracked. . MORE DISCRIPTIONS OF THE FLUID INCLUSIONS ………..

The blue green amphibole from often in contact with bt and type 2 Qtz and sulfides. Grt seem to bee stable in vicinity of the type 2 Qtz. Ilmenite grains next to type 2 Qtz has lower lumincent rims reflecting lowering of defects. Thus ilmenite may divide into two groups, rims and cores. Weather type 2 ilmenite represent owergrowth or reequilibration is impossible to tell from textures. The zonation of the ilmenite is not seen optically.

In conclusion the M1 asseblage was Grt, Ilmenite1, brown amphibole, bright luminescent Qtz coexisting with a CO2 rich fluid phase. The secondary assemblage related to type 2 Qtz is Ilmenite 2, blue green amphibole, bt, pyrrhortite and chalcopyrite all coexisting was brines according to textural observations.

Qtz tourmaline veining in gabros
Esso station, poly-metamorphic Qtz veins.

Field observations

The quartz vein are observed at a road outcrop on E42 in Osedalen, Froland. The qtz veins are whitetish in colour due to a high content of fluid inclusions. However beneath the masking effect caused by the fluid inclusions a variation in shades of pink-bluish colour tints is observed. The veins are enclosed within amphibolite which is altered next to the veins. Alteration products are green-black amphibole, biotite and tourmaline. The alteration is clearly zoned with alternating biotite and amphibole rich layers respectively. Plagioclase is heavily altered, resulting in a whitish colour.

SEM-CL microstructure in the quartz

The weak colour variation seen in the field, is more evident in the SEM-CL. Two main types of Qtz are recognized: 

1: Bright luminescent Qtz, which is cracked, giving an island/channel microstructure with bright luminescent islands surrounded by lower luminescent cracks.

2: Greyish mostly evenly luminescent Qtz, which may though show microscale luminescence oscillatory zoning.

3: Pods and cracks of non luminescent Qtz which cut through all other types.

In comparison with the quartz vein in the quartzite (next section) the Qtz in the vein is more luminescent. With a larger proportion of bright “island texture” Qtz compared to the greyish luminescent Qtz, indicating that retrogression was less pronounced in this particular vein         

Petrographic relations in the reaction zone

Two thin sections were prepared from the quartz vein reaction zone. One from the bioite rich zone and one from the amphibole rich zone. As the tourmaline crystals vere very blarge (cm-dm size) they are not represented on any of the thin sections. The green amphibole has pale green colour in thin section, acicular form and random orientation, the compostion lie in between that of Hbl and actinolite-tremolite (see microprobe data for details). Plagioclase is almost completely broken down and replaced by sericite and zoisite. The biotite is red-brown-coluorless pleucroic and has a very fresh appearance. The composition of the biotite is rich in iron and titanium.  Chlorite is also present. Kfs grains lie in between cleavage planes of of Bt. Apatite is commonly observed , both as inclusions in Bt and within the alteration producs of plagioclase. The main sulphide phase is Pyrite, cutting the textures of the alteration producs.

Fluid inclusions

Qtz tourmaline veining in quartzite at ovelandsheia
Fluid inclusions

The Qtz veins are extremely rich in fluid inclusions, both secondary and primary. It seem difficult to make the systematics of them from optical microscopy alone. When implementing the sem-cl textures (see SEM-CL microstructure in the quartz) and comparing them with the fluid inclusion pattern a clear pattern emerge. Evenly greyish quartz (SEM-CL microstructure 2) contain an inhomogeneous mixture of CO2, H2O rich and intermediate composition mixtures in regular slightly rounded fluid inclusions. This is interpreted as evidence of liquid immiscibility between CO2 and H2O rich fluids. As the fluids are exposed in what seem to be regular growth zones the phase separation is related to the formation of the type 2 luminescent Qtz. The range of clathrate melting temperatures in the CO2-rich inclusions lie in the interval 6,6-9 degrees Celsius. Its is imposible to estimate salt composition in the CO2-rich inclusions, because of the small ammoun tof water °present, in the water rich inclusion however beginning change in the ice phases from -31°C to about -23°C . The process is very gradual and is interpreted as recrystallization of the solid phases. At -22.9 degrees however distinct melting occurs. This is interpreted as first melting, thus documenting a Te of -22.9 which according to experimental studies tell us that the salt is a mixture of  NaCL + KCl . Hence the fluid inclusions belong to the system H2O-CO2-NaCl-KCl. The possibility of a small amount of a third salt can though not be exluded because of the prominent recrystallization from -31 °C. If a third salt is present it could be MgCl, because the Te of MgCl is -32.8. The precence of a third salt component has thoug been exluded form the thermodynamic modelling of the fluid inclusion modelling. The salinity of the water phase in the CO2-rich inclusion was estimated using clathrate melting temperatures, implement the programs clatrates (Bakker ???), assuming that the gaseus phase is pure CO2 as indicated by the Melting of the CO2 phase. Modelling results indicate that the salinity of the aqueous phase in the CO2-rich inclusions is……….Because of the little amount of CO2 present in the water rich inclusion Clathrate melting temperatures are hardly observable, and because of non repetitive behaviour during heating indicating metastable phenomina, the salinity of the water rich inclusions were estimated using ice melting temperatures neglecting the small amount of CO2 present.MORE ABOUT SALINITY DATA, ISOCHORES ETC IN THIS SECTION, AND SOME PICTURES OF THE FLUID INCLUION Beauties.

Heståsen alteration zone

Field relations 

SEM-CL microstructure in the quartz

Fluid inclusions

Development of Gabro 

a. M1 alteration: Massive coronitic gabro alterated to banded amfibolite with cm-dm sized  garnets, plagioclase and Qtz., often surrounded by dark amfibole rim (skytebanen). Relation between cracks and fm of grt is seen at langedalen. 
                                                               i.      Characterisation of M1 in the gabro at skytebanen and Langedalen. This can be related to the Qtz, which is observed both as veins with rose and blue Qtz and as symplektitic intergrowths with grt (symplectites seen at skytebanen (difficult to  collect drill for next field work?), but also seen and collected at blakstadheia industrial area). 

                                                             ii.      Fluids captured in Qtz related to M1 migmatitic Qtz in the gabro/amphibolite, characterisation.

                                                            iii.      Qtz tourmaline veining in the metagabro at ESSO. Comparison with gabro at skytebanen and langedalen. Which fluids are captured in the vein at the esso station.
                                                           iv.      The foliation in the gabro at the heståsen quarry, relation to M1????

