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21) Thin section Mount Stuart Batholith.  The zircons in 
this photo are either inclusions in magnetic minerals and 
would be lost during the magnetic separation process or 
are too small <20 µm and would be lost during the panning 
process.
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Common Beginning Steps
-Hammering, crushing, grinding, sieving (500 µm)

-De-magging (remove metal from sample after grinding)
-Divide sample into ~1.4 kg bags

       Control

-250 µm sieve
-Ultrasonic wash (DI water); large 
     volume
-Frantz Isodynamic Magnetic 
     Separator
-Ultrasonic wash (DI water)
-Lithium Polytungstate (LST) heavy 
     liquid separation
-Ultrasonic wash (Ultra-Pure water)
-Methylene Iodide (MEI) heavy liquid 
     separation
-Ultrasonic wash (Acetone)
-Weigh zircon and apatite yields

            Panner Trials

-Sample processed on panner (each 
     trial varied parameters; feed-rate, 

     -rate/direction, surfactant)
-Ultrasonic wash (DI water); small 
     volume
-250 µm sieve
-Frantz Isodynamic Magnetic 
     Separator
-Ultrasonic wash (DI water)
-Lithium Polytungstate (LST) heavy 
     liquid separation
-Ultrasonic wash (Ultra-Pure water)
-Methylene Iodide (MEI) heavy liquid 
     separation
-Ultrasonic wash (Acetone)
-Weigh zircon and apatite yields

THE PROCESS

2) Control non magnetic minerals. The control process 
utilized simple hand washing to reduce rock �our. These 
lights were separated using the expensive heavy liquids 
(LST). The control had 433 grams of material processed 
with the LST heavy liquid separation compared to 2.63 
grams processed for panner 5.
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3) Panner 5 Lights. The panning process reduces the 
amount of material for later steps and reduces processing 
time. Notice the biotite �akes that have been washed 
away during panning process.

3)

Biotite �akes

Magnetic minerals

4) Panner 5 Magnetic Minerals.  The magnetic separa-
tion for the panner runs had less material to process since 
the biotite �akes were removed during the panning pro-
cess. The amount of material processed during magnetic 
separation was 6.39 grams compared to 560 grams for the 
control.

3) Control Magnetic Minerals. The control did not include 
the spiral panning separation. Notice the large concentra-
tion of biotite �akes that had to be magnetically separated. 
The majority of the biotite in the other samples was taken 
out prior to magnetic separation. 

Biotite �akes

4) Control Zircon Yield. The control zircon concentration 
is contaminated with ~ 50% other minerals as compared 
to photo 8, the relatively pure panner 5 zircon concentra-
tion.

Zircon

Other Minerals
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ABSTRACT
Mineral separations concentrate the minerals zircon and apatite necessary for geochronolo-
gy; three processing methods before magnetic and density (LST, MEI) separation were tested: 
a control hand-washed sample, samples processed with a spiral panning table, and a sample 
processed with a Gemini Table. Laser di�ractometry determined the grain size distribution of 
processed samples. The test sample was a hbl-bt tonalite from Mount Stuart, WA; expected 
yields per kg, from a CIPW-norm: 300 mg zircon; 3200 mg apatite. After sieving to <500 μm, 
the raw crushed sample contained 2% of grains <20 μm, 13% <125 μm, and 30% <250 μm. The 
hand-washed control sample recovered the most zircon and apatite (72 mg zircon and 333 mg 
apatite, considered the maximum yield); LST lights contained 0.02% of grains <20 μm, 12% 
<125 μm. Panner #1 (58 g/min feed-rate, 9 rpm rotation) recovered 3.7 mg zircon and 1.0 mg 
apatite from 5.2 g of panner-heavies; panner lights contained 0.5% of grains <20 μm, 15% 
<125 μm. Panner #5 (36 g/min, 25 rpm) recovered 13.2 mg zircon and 13.0 mg apatite from 34 
g of panner heavies; panner lights contained 0.2% of grains <20 μm, 12% <125 μm grains. LST 
lights from a set of panner heavies contained 0% of grains <20 μm, 0.2% <125 μm. Faster 
panner rotation increased yield by concentrating more heavies. The Gemini table recovered 
330 mg of zircon + apatite (zircon not yet separated from apatite) from 45 g of heavies; Gemini 
lights contained 0% of grains <20 μm, 4% <125 μm. Yield di�erences of the techniques are 
mainly explained by grain size. In thin section, most zircon and apatite are <125 μm, and ~30% of zircons are <20 μm; the control process most e�ciently re-
covered small grains explaining its higher yield. Using magnetic minerals as a proxy for heavies (mostly hornblende) shows that the Gemini heavies (61% <250 
μm, of which 72% were magnetic) more e�ciently concentrated small grains than the panner (#5 heavies had 16% <250 μm, of which 59% were magnetic). 
However, the panner concentrated zircon relative to apatite 4-5X more than the control. Even the best yield (control) recovered only 12% of the zircon + apa-
tite expected from the CIPW norm, probably due to loss of zircon + apatite as inclusions in other minerals. In thin section, ~25% of zircons were inclusions in 
magnetic minerals, and therefore would be lost during magnetic separation.

               Heavies recovered (g)

y = 0.0102ln(x) + 0.0045
R² = 0.9905
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Figures 7-8, Zircon yield under ultraviolet light. (7) Control #3. (8) Panner # 5. (9) Gemini Table.  Zircon illuminates under UV short wave, which allowed for a more accurate zircon id-
enit�cation for grain size analysis. The zircon yield for the control #3 was ~50 % zircon purity; the Gemini Table zircon yield has not yet been processed under MEI heavy liquids to sepa-
rate the less dense apatite from the zircon. All panner trials resulted in ~90-95 % purity after �nal heavy liquids separation, The zircon grain size distribution was determined using Nikon 
Software Imaging, NIS-Elements, Results see Figure 17 (a)-(f ). Below are the images in plane light.

Figure 10, Plane light, Control Zircon Yield Figure 12, Plane light, Gemini Table Zircon Yield

Figure 18 (above) Proportion of Zircon (< 120 µm) 
versus Zircon Yield. The control # 3 yielded the 
highest amount of Zircon, of which 54 %  were < 120 
µm.  Panner trials contained 1.3-3% zircons grains 
<120 µm, the smallest grains were mostly lost 
during panning process.

Figure 19 (above), Zircon Yield vs. heavies recov-
ered during panning or Gemini process. Panner 
trials recovering more heavies yielded more zircon. 
The Gemini Table concentrated more heavies than 
the panner trials, mostly due to the loss of ~95% of 
grains <120 µm (see �gure 18, above left)

Figure 11, Plane light, Panner # 5 Zircon Yield
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FIgure 17 (a)-(f)
 Zircon Grain Size Distribution.
 Individual grains were measured using ultraviolet 
light (Figure 7-9) and Nikon Imaging Software.
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Figure 13 (left), grain size analysis of 
panner lights. Panner lights are the 
lower density minerals that were separat-
ed out during panning process. A raw 
crushed (unprocessed) sample is also 
plotted, which represents the starting 
grain size distribution. The panner trials  
lost more grains <120 µm than the 
Gemini Table. The panning process did 
however remove a signi�cant amount of 
biotite �akes, which allowed for a more 
e�cient and less time consuming mag-
netic separation following the panner 
runs. as compared to the control (see �g-
ures 2-6).

Figure 14 (left), Panner 
heavies size distribu-
tion vs. Zircon yield. 
After the panning pro-
cess, the material was 
sieved to < 250 µm, pan-
ning trials yielding more 
heavies < 250 µm, recov-
ered more zircon.

Figure 16 (left), Weight 
% lost during panning 
process. The Gemini 
Table retained more 
heavies (dark purple) and 
discarded more initial 
material (yellow).
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Figure 15 (left), grain size analysis of 
magnetic minerals. The panner trials 
were less e�cient at retaining the small-
er grain size class of <120 µm, which is 
shown in this graph as well as �gures 
17-18. The Zircon yield for the panner 
trials was lower than the control and 
Gemini Table most likely due to the loss 
~95% of grains <120 µm. The Zircon yield 
for the panner trials  concentrated the 
largest Zircon grains at 90-95% purity as 
compared to ~ 50% purity for the Control 
and Gemini Table. 

Figure 20 (above), Zircon Yield.  The control 
hand washed sample yielded the greatest 
amount of Zircon. The Zircon size distribution 
for the control, �gure 17 (c), contained 54 wt % 
of grains < 120 µm. The Zircon size distribution 
for the Gemini Table, �gure 17 (f ), contained 34 
wt % of grains < 120 µm, which accounts for the 
higher Zircon yield as compared to the panner 
trials.

-For the majrity of the samples, the spiral panning table is preferred for its quicker time and 
higher zircon yield purity.

- After heavy liquid separation, the �nal zircon yield for the panner trials  concentrated 
Zircons at a 90-95% purity, as compared to the control.

- The control # 3 and the Gemini Table # 7 concentrated a greater amount of Zircons < 120 µm, 
which accounts for 54  and 34 %, of their total Zircon yield, respectively.

-Using magnetic minerals as a proxy for heavies (mostly hornblende) shows that the Gemini 
heavies more e�ciently concentrated small grains than the panner.

-The panner concentrated zircon relative to apatite 4-5X more than the control. Even the best 
yield (control) recovered only 12% of the zircon + apatite expected from the CIPW norm, 
probably due to loss of zircon + apatite as inclusions in other minerals. In thin section, ~25% 
of zircons were inclusions in magnetic minerals, and therefore would be lost during magnetic 
separation.

In Conclusion

Figure 1, panning table
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