Characterisation of quartz textures in porphyry copper ore deposits by scanning electron microscope-cathodoluminescence (SEM-CL)
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In the present study we show, that high-resolution SEM-CL imaging coupled with trace element analyses done by micro probe (EPMA) allows the detailed interpretation of the very complex quartz crystallisation history within porphyry copper ore deposits. The different features observed are used along with other information, such as fluid inclusion data, to better understand the changing chemistry of ore-forming fluids and the processes which enable fluid movement.

SEM-CL images were obtained from the JEOL 5900LV Analytical SEM with an attached GATAN MiniCL detector. The applied acceleration voltage and current was 20 kV and ~1 nA, respectively. The CL images were collected from 4 scans of 20 s photo speed each and a processing resolution of 1280x960 pixels and 256 grey levels. 

Trace element abundances of Al, K, Ti, and Fe in quartz were performed with a JEOL 8900 RL electron microprobe at the Geowissenschaftliches Zentrum Göttingen, Germany. For high precision and sensitivity, a beam current of 80 nA, a beam diameter of 5 µm, and counting times of 15 s for Si, and of 300 s for Al, Ti, K, and Fe were chosen. Limits of detection (LOD) were (3σ of single point background) 13 ppm for Al, 18 ppm for K, 34 ppm for Ti, and 31 ppm for Fe.

In this case study five main quartz generations can be distinguished:

(1) All samples studied here contain an early quartz (Q1) generation. This bright (blue) luminescing quartz reveals a high crystallisation temperature >500°C which is also indicated by high Ti of Q1 (up to 220 ppm). Al varies between 150 and 700 ppm. This quartz is not associated with significant copper mineralisation and is generally assumed to be of early magmatic-hydrothermal origin. 

(2) The zoning of Q1 were overprinted by a high temperature event (>350ºC), resulting in the partial quenching of the primary growth zoning of Q1. No new quartz crystallised during this event. However, we named the overprinted areas Q2. This high-temperature event pre-dates the ore mineralisation. Most of the Al was moved out of the quartz lattice during this overprint.

(3) The second main quartz crystallisation stage is dominated by quartz dissolution and precipitation. During this stage a complex, multiple interaction of dissolution and diffusion of Q1 and Q2 followed by the growth of a weakly luminescing quartz (Q3) took place. Q3 is depleted in Ti but shows partially very high Al (up to 2000 ppm).  High Al in quartz is interpreted by high salinity and high pH (>5) of the aqueous solution from which the quartz grew. Q3 is related to the main actinolite/biotite-pyrite-chalcopyrite mineralisation event and so is an important phase.

(4) The primary quartzes Q1, Q2, and Q3 exhibit variable dense networks of thin, healed cracks connecting irregular domains (<10 µm) of non-luminescent quartz we term Q4. The irregular domains are halos of non-luminescent quartz around trapped secondary fluid inclusions. Often there are different generations of thin healed cracks, commonly containing inclusions. Al and Ti in Q4 are below the limits of detection.
(5) The generations of Q1 to Q4 quartz are finally cross-cut by straight cracks (micro breccias) healed by a non-luminescent quartz referred to here as Q5, associated with late calcite. Q5 is depleted in Ti but shows partially very high Al concentrations.  
