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Enders, Steve

From:
David L. Dettman [dettman@geo.Arizona.EDU]

Sent:
Wednesday, March 22, 2000 10:15 AM

To:
Enders, Steve

Subject:
14C data

Hi Steve,

Well, we got the number. I am really sorry it took so long. The AMS lab has its problems sometimes. I hope this is still useful. The date is very old, although not infinite. This may be due to atmospheric contamination of the finely drilled powder as it sat around for a week or two before I reacted it. Some people have shown a small, but relatively rapid interaction with atmospheric CO2 in finely ground carbonate.

analysis number       my sample #      fraction modern carbon      14C age BP

AA 36449                  CT-01                0.0172 +- 0.0011        32,640 +- 500

I hope this helps things. Please let me know if you have questions.

David

At 03:01 PM 11/11/99 +0000, you wrote:

>Dave,

>
>         This sounds like a great approach!  I appreciate your help with 

> this and happy to cover your time.  The 2-month timeframe is OK with 

> me.  I’m planning to defend in February and can include any appropriate 

> new data up to then.  Please keep me posted on how this work progresses.

>
>Thanks,

   Steve

>-----Original Message-----  

From:
David L. Dettman [SMTP:dettman@geo.Arizona.EDU]  

Sent: 
Wednesday, November 10, 1999 4:43 PM  

To:

Enders, Steve  

Subject:
RE: correction

>
>Hi Steve,      I can get the sample together and submit it. The usual 

>non-NSF price for a 14C date is $500 (NSF funding cuts it in half). I 

>would propose this: I will get the sample run through my lab account and 

>bill you the usual non-NSF price. The difference between my discount and 

>the usual price will cover my time on the carbonate samples and on the 14C 

>prep and submission. How does that sound?

>
>      The accelerator lab usually takes 2 months to run a submitted sample 

> and it will take me a week or so to free up some time to do the sample. 

> So the number won’t be ready right away.

>David
From:
Frank [SMTP:spanky@dakotacom.net]
Sent:
Wednesday, March 29, 2000 12:43 AM

To:
Enders, Steve

Subject:
Sorry for being so late!

Steve,

Let me apologize!  I was just leafing through the GeoDaze abstract volume,

and when I saw your abstract, I realized I forgot to send you my report and

latest SIMS results on your samples.  I've actually had this done for some

three weeks, didn't send it along immediately, and then I totally spaced

it.  From your abstract, it looks like you may have already received the

data from Mark, but I'm sending along everything just in case.  Again, I am

very sorry for my negligence... hopefully this comes in time for any

additional GeoDaze slides you might be preparing and other

dissertation-related needs.

Frank

By the way, I tried to save these for Windows based systems; however, if

you have any difficulty opening these, let me know and I'll re-send them as

.pdf files << File: STEVE1.xls >>  << File: report.doc >> 

Steve,

Here’s an updated copy of the STEVE.XLS worksheet with the new secondary ion mass spectrometry (SIMS) sulfur isotope data.  I also wanted to elaborate on the analytical and data reduction procedures, summarize the results, make recommendations, and mention a few caveats to interpreting these data.  Though we’ve informally gone over many of these mineral normalization and trace element results, I wanted to put the key features down on paper so you’d have all of this information as hard copy.  

Also, you did request a brief summary of the SIMS techniques, and that coupled with the microprobe operating conditions may find their way into reports you write or the appendices of your dissertation.  I haven’t gone into any significant detail about how the electron microprobe works beyond the specific operating conditions and very brief summaries of the applicability and limitations of energy and wavelength dispersive spectrometry; however, I can forward something more substantial if you’d like.  Of course, if you require any clarification or need any additional information, feel free to call me at home (520.623.2290) or e-mail me at spanky@dakotacom.net .

Sample preparation:

Eleven grains of Cu-S minerals ± associated pyrite were mounted in epoxy, polished and carbon-coated for electron microprobe (EPMA) and SIMS analyses.

EPMA:

Analysis strategy:

A successful microprobe strategy defines one or more specific compositional questions to address, and then follows a three-point approach to answer them.  The three key tools available in microprobe analysis to evaluate these compositional relationships are back-scattered electron imaging (BSE), qualitative energy dispersive spectroscopy (EDS), and quantitative wavelength dispersive spectroscopy (WDS).  Nominally, none of these techniques are an end to themselves, but used together each provides an increasing level of detail. For reference, these techniques are briefly outlined below.  

BSE imaging: BSE imaging qualitatively maps contrasts in a sample's average atomic number.  BSE complements optical microscopy by differentiating between phases in a sample (pyrite from arsenopyrite; calcite from dolomite; the various silicates, etc.), even down to the micron-scale level (1-2 µm size Au or PbS inclusions can be easily observed in most sulfides, though positive ID sometimes requires slightly larger grains).  Compositional zoning in some minerals can also be observed even when it is invisible under optical microscopy.  

EDS analysis: Once the sample mineralogy is differentiated by BSE imaging, EDS analysis quickly provides semi-quantitative compositional data on observed minerals.  Though sometimes useful as an identifying tool (particularly for either very small grains or unusual minerals), the real value of EDS analysis is in establishing the presence of minor elements in preparation for WDS analysis.  WDS analysis: WDS analysis is the workhorse of microprobe analysis and provides quantitative data on mineral chemistries.  Elements in concentrations below about 0.1 wt. % (1000 ppm) are considered trace elements and are generally not sought unless specifically requested, subject to the analytical constraints outlined below.

Analytical limitations:

Under routine operating conditions, detection limits down to about 500 ppm can be easily obtained for most elements.  Under somewhat more vigorous conditions (longer counting times and higher beam currents) detection limits can be further reduced to 100-200 ppm.  Still lower detection limits are possible under more extreme operating conditions, but this can be very time consuming and is hard on the instrument. Except in unusual circumstances, we do not typically operate under such conditions.  Of course, detection limits vary for individual elements and are also functions of the analyzing crystal and the sample bulk chemistry.  In particular, interferences between some elements can severely limit the quality of certain analyses.  The classic example is the detection of "solid solution" gold in pyrite and other iron minerals.  While the microprobe can easily detect and identify discrete Au grains down to less than 10 µm in size, inclusion-free iron minerals can not be readily analyzed for "solid solution" gold.  Other such interferences exist, particularly with sulfides. Some can be worked around; others are more problematic.

Another limitation with many of these particular samples is the thin nature of the Cu-S coatings.  In several cases, presumed Cu-S analyses probably included underlying pyrite.  Where suspected, Fe and S amounts equivalent to pyrite were removed from the normalized copper sulfide formulas to yield “iron-free” copper sulfides.  For some samples, this calculation brought the normalized copper sulfide formula closer to an accepted species, though in other examples the results were ambiguous.  Complicating this effect is the fact that there are seven copper sulfides within the compositional range Cu2-xS (0<x<0.6), some of which may contain Fe (e.g. digenite may contain 1 wt% Fe, perhaps as an essential component).

Operating conditions:

Standard microprobe operating conditions were used.  The accelerating voltage used is 15 kV. The following table lists the elements sought.  

element
line
standard
crystal used
backgrounds


As
L
arsenopyrite
TAP
+525
-525

S
K
pyrite
PET
+700
-500

Fe
K
troilite
LIF
+500
-500

Cu
K
Cu
LIF
+500
-500

Pt
M
Pt
TAP
+600
-500

Se
L
Se
TAP
+6500
-1000

Pd
L
PdAu alloy
PET
+800
-710

Sb
L
Sb
PET
+700
-500

Co
L
Co
LIF
+500
-400

Ni
K
Ni
LIF
+500
-400

Ag
L
Ag
PET
+600
-500

These calibrations have been organized into two slightly different analytical programs concentrating on pyrite (PGEpy1) and the copper sulfides (PGEcu1).  Calibration standards, counting times, background location and related set-up features were selected to optimize detection of each element within reasonable detection limits and time constraints; a detailed description of these parameters is available if desired.  The following tables give the counting times for each element for both programs.  The pyrite program has been my standard analytical program for Fe-sulfides, whereas the Cu-S program was developed specifically for this project.

PGEpy1
TAP

PET

LIF


current







40 nA
As
50s
S
10s
Fe
10s

40 nA




Cu
10s

300 nA
Pt
180s
Pd
180s
Co
120s

300 nA
Se
20s
Sb
20s
Ni
120s

















PGEcu1
TAP

PET

LIF


current







40 nA
As
50s
S
10s
Fe
10s

40 nA




Cu
10s

300 nA
Pt
180s
Ag
180s
Co
120s

300 nA
Se
20s
Sb
20s
Ni
120s

Interpreting composition tables:

All values are given in weight percent (wt. %). Good analytical totals nominally range from 99 - 101 wt. %.  In otherwise careful analyses, low totals are usually the result of irregular surface quality or grains that are too small.  High total can be enigmatic.  

Due to the use of troilite as an Fe standard, pyrite and arsenopyrite analyses tend to report Fe high by about 3% (perhaps due to bonding differences between the minerals).  Pyrrhotite, chalcopyrite, bornite, and many other sulfides do not seem to be affected by this.  Fe contents from the pyrite analyses in this report have been accordingly reduced, also improving stoichiometries.  

Detection limits for Co and Ni are approximately 100 ppm; those for As and Se are about 250 ppm and 500 ppm, respectively; Sb is >1000 ppm; Pt, Pd, and Ag detection limits are about 50-60 ppm.  Detection limits actually vary for each element in each mineral.  These detection limits correspond to a confidence level of between 80 and 99%.  Thus, even values somewhat larger than the detection limits should be viewed with a mild degree of uncertainty, particularly in the absence of supporting analyses.  

Weight percent data in the composition table are followed by mineral normalizations help to assess the quality of the analyses (good analyses should charge balance and site balance within small tolerances) and are useful for comparing compositions and naming end-member minerals.  Normalizations differ from mineral to mineral, and there are usually multiple methods available for any given mineral.  The following normalization schemes were used in this study (elements referred to below are in molar quantities):  

mineral
normalization scheme

pyrite
 (S + As + Se + Sb) = 2




chalcocite, digenite, djurleite and
 (S + As + Se + Sb) = 1

related phases


Summary of results:

Sample mineralogy:

sample
observed mineralogy

245s
At least two Cu-S minerals averaging Cu1.87S (digenite +


chalcocite/djurleite)?; pyrite, quartz, sericite

269s
No obvious Cu-S minerals; alunite, quartz, pyrite, very sparse ZnS

280bs
Minor Cu-S, but too small to analyze; K-feldspar, quartz, TiO2,


sparse zircon, very sparse pyrite

294s
At least two finely-intergrown Cu-S minerals averaging Cu1.77s


(digenite + anilite?); pyrite

BU-2
Cu1.97S (djurleite); sparse Fe-Ox

CH-1
At least two Cu-S minerals averaging from Cu1.30S (covellite? +


digenite/djurleite/chalcocite)? to Cu1.82S (digenite); possible anilite


present; some pyrite

MOR-3
Cu1.93S (djurleite?); pyrite

MOR-10
Cu-S mineral averaging Cu1.59S (low total; probable mixture); pyrite

TY-1
Cu1.97S (djurleite); moderately abundant quartz

TY-2
At least two Cu-S minerals averaging Cu1.85S (digenite +


chalcocite/djurleite)?; pyrite

Trace silver:

Silver occurs in several of the copper sulfide samples in concentrations up to 880 ppm.  The one definitive chalcocite sample showed no detectable Ag, whereas the three probable djurleite samples all showed substantial Ag (150-880 ppm), suggesting silver prefers the metal-deficient structure.  The one probable digenite is only slightly Ag-enriched (60 ppm).  Unfortunately, many of the samples are likely admixtures of copper sulfides, and the location of the measured Ag is ambiguous.  Further work on pure phases may ultimately demonstrate a mineral preference for minor silver and other trace elements.

SIMS

Technique background:

Unlike the electron microprobe which relies on X-rays generated from the sample to characterize the elements present, SIMS is based on mass spectrometry and yields isotopic data as well as chemical information.  In the basic SIMS technique, a primary beam of high-energy positive or negative ions is directed at a sample.  Positive primary beams of Cs + or K + ions are used to analyze elements that can be readily forced to form negative ions (such as S and the noble metals) whereas negative primary beams of O –or O2 - are used for elements that readily form positive ions.  Interaction of the primary beam with the sample surface ionizes atoms, which sputter off from the sample.  These ionized atoms are accelerated away from the sample as a secondary beam into the mass spectrometer by voltages applied to the sample and along the beam path.  The secondary ion beam is steered by magnetic fields so that only the isotopes of interest enter the detector.  In practice, isolating the isotope of interest is complicated by potential interferences of not only same-mass isotopes of other elements, but also of polyatomic species with similar mass/charge ratios.  These interferences can be minimized by operating under high mass resolution conditions (taking advantage of the mass defects often present between nominally identical isotopes) or by filtering out those species with energies below a specified energy threshold (particularly effective at screening out diatomic and triatomic species).  

Analytical limitations:

As with the EPMA analyses, the thin nature of many of the copper sulfide coatings made SIMS analyses difficult.  The problem was further compounded by the large diameter of the SIMS craters relative to the analyzed spots in EPMA (up to 60 mm verses 1-2 mm), and the difficulties of finding suitable areas to analyze due to the poor resolution of the optical microscope accompanying the SIMS.  Hence, only masses of copper sulfide with a sizeable areal extent could be analyzed, and unfortunately these same regions were those most likely to be too thin in the third dimension.  It is also important to note that both the sulfur isotope and trace Au and Pt results are only reliably applicable to the pyrite analyses.  We currently do not have copper sulfide standards for sulfur isotopes or for trace elements; thus the results presented here for the copper sulfides are based on pyrite calibrations.  SIMS analyses are often notoriously sensitive to matrix effects, and we do not know the magnitude or direction of potential corrections.  Therefore, these data for the copper sulfides should be considered semi-quantitative at best.  For future work, and particularly for sulfur isotope measurements, we recommend that one of the more mineralogically homogeneous samples (such as BU-2) be analyzed by independent means and then used as a copper sulfide sulfur isotope standard.  

Operating conditions:

Both S isotope and trace Au and Pt analyses require a positive primary ion beam.  Traditionally this has been done with a Cs + primary beam, but in the analysis of 197 Au - in sulfides, an abundantly produced 133 Cs 32 S2 - triatomic ion is a serious interference.  Even with energy filtering, the interference is still severe enough to limit Au detection limits to about 500 ppb.  However, we’ve switched to a K + primary beam for these analyses, and have lowered the detection limit of Au down to 5-10 ppb.  Pt detection limits are somewhat greater, at about 30 ppb.  

The K + primary beam is generated from a potassium-bearing ceramic which holds the cesium source.  K is ionized by high current applied to the source, and accelerated towards the sample by a 10 kV potential.  Primary beam currents are close to 1.5 nA for S isotope analyses, and from 5-8 nA for trace element analyses.  Sputtered Au and Pt ions are accelerated across a 4500 V potential (S across a 4200 V potential).  For the trace element analyses, a 50 V offset energy filter minimizes interferences from low energy molecular ions.  Primary beam diameter (and hence crater dimensions) are on the order of 20-60 mm.

For the trace element analyses, 75 As, 195 Pt, and 197 Au were counted for 10, 300, and 300 seconds respectively, and 54 Fe was counted for 10 seconds both at the beginning and end of each analysis cycle.  Raw counts of As, Pt, and Au were normalized to average 54 Fe counts and compared to calibrated Au and Pt ion-implanted pyrite standards to calculate weight percents.

For S isotope analyses, 32 S and 34 S were counted for 5 and 20 seconds, respectively, and each pair was counted for 49 cycles.  The isotope ratio was compared to an independently analyzed pyrite standard.

Summary of results:

Trace gold and platinum:

Only results for pyrite analyses are presented here.  With the possible exception of sample 245s, all of the measured Au and Pt contents are at or slightly above the technique detection limits, and are comparable to the average Au and Pt contents from pyrites across a wide variety of ore deposit types.  At best, Au values are twice the detection limit for Au.  Platinum and gold concentrations in sample 245s appear notably elevated, however the very small sample size makes the results suspect.  Because the trace element contents are normalized to 54 Fe, beam overlap onto an iron-free phase such as quartz would yield anomalously high precious metal contents.  To be certain, a larger clean pyrite separate could be analyzed.

Sulfur isotopes:

Sulfur isotope measurements for a selection of pyrite-copper sulfide pairs are presented.  Where possible, adjacent points in the two phases were analyzed.  Pyrites from both 294s and CH-1 are very slightly light and not atypical for magmatic sulfides.  Copper sulfides in 294s are slightly lighter than associated pyrite, while those in CH-1 are somewhat heavier.  These results suggest that fractionation effects between the two sulfides may not be large, or that the matrix effect differences may also not be too great.  In any case, however, errors associated with the sulfur isotope measurements of the copper sulfides are at least 2-3 times larger than that of pyrite under these operating conditions.  The very negative 34S (-30.8 ‰ ± 5.7 ‰ 1s) of the Cu-S phase in sample 245s suggests its S was derived from biogenic activity.  Whether the Cu-S itself is the product of biogenic activity, or only the precursor pyrite, is not known.

Enders, Steve

From:
Bob Rye [rrye@helios.cr.usgs.gov]

Sent:
Monday, November 09, 1998 3:22 AM

To:
Enders, Steve

Subject:
Re: Morenci Samples

Steve,

We have just finished the sulfur isotope analyses on the Morenci samples.  MET 5200 was ran twice to check for precision of the technique.  The results are as follows:

MET 105 JARO

-1.3

SO2074

MET 106 JARO

-1.3

SO2074

MET 5200 JARO

-0.7

SO2074

MET 5200 JARO DUP
-0.7

SO2074

MET Bj JARO

 2.0

SO2076
* not pure, 10x amnt needed

MOR 9-3 AL


 1.1

SO2074

MOR 9-4 AL


 0.6

SO2074

I hope to finish the other isotope measurements in the next two weeks.  Do you have any Ar/Ar dates on these samples?  For sure, there doesn’t seem to be a difference in composition between 106 and 105.  Send me your comments on the data.

Bob

Robert O. Rye

US Geological Survey

Box 25046, MS 963

Denver, CO 80225

Phone 303-236-7907

Fax 303-236-4930

Enders, Steve

From:
Enders, Steve [/o=PhelpsD/ou=Morenci/cn=Recipients/cn=SEnders]

To:
'rrye@helios.cr.usgs.gov'

Subject:
Morenci samples

Bob,


Alas, I have some samples ready for shipment to you.  I will send them out first class on Monday.  Please let me know when you receive them and if they’re adequate for your use.  I’ve done a little sample prep, enough to get some relatively pure samples into small vials.  I have sent six samples, two alunites and four jarosites.  Three of them should contain in excess of 100 mg and the other two have all that I could scrape.  Here is a brief description:

MOR # 9-3
Green alunite from hematitic leached capping at Western Copper.  The alunite fills fractures between  and forms veins in what appears to be a breccia-like texture in Precambrian granite.  There are fragments and grains of granite in the alunite as well as relatively pure material ranging from 1 mm to as much as 5 mm in thickness.  There are no sulfides in this rock and all of the Fe appears to be contained in hematite.  This sample yielded a clean, classic alunite X-ray pattern and we could not detect any jarosite, at least to the limit of detection of the technique.

MOR # 9-4
White alunite from the supergene blanket at Western Copper.  The alunite fills fractures and forms veins in quartz-sericite-pyrite altered Precambrian granite with a weak supergene clay overprint.  This alunite is relatively pure and forms veins from 1 mm to as much as 15 mm in thickness with rare inclusions of quartz-kaolinite or quartz-kspar   This rock contains pyrite that has been partly replaced by covellite and lesser amounts of chalcocite.  This sample also yielded a clean, classic alunite X-ray pattern and was a big surprise to us.  Material similar in appearance from elsewhere has proven to be a finely divided mixture of silica and kaolinite.  

MET 105
Earthy yellow jarosite from the partially leached zone at Metcalf.  The jarosite occurs on late-stage coarse-grained quartz-pyrite veins in quartz-sericite altered Laramide-aged Older Granite Porphyry with a moderate supergene clay overprint.  This jarosite appears to contain inclusions of quartz or matrix.  The jarosite appears to be a product of the leaching of pyrite and fills vugs or boxworks in a silica matrix.  This sample was scraped from a zone that had as much as 2 or 3 mm of jarosite on the silica.  I did not X-ray this sample and have only based my identification on hand-specimen examination.

MET 106
Crystalline yellow jarosite from the same outcrop as MET 105.  This sample is all that I could scrape off a thin film of 0.5 mm euhedral pyritohedron-like crystals that had a brown, goethitic coating on the weathered surface.  This sample was taken from another fracture, perhaps formerly a finer grained pyrite vein without quartz that was parallel to a coarse-grained quartz-jarosite vein similar in character to MET 105.  I didn’t X-ray this sample and have only based my identification on hand-specimen examination.

MET Bj
Earthy brown jarosite from the leached capping at Metcalf.  This sample is from a beautiful jarosite boxwork on a fracture in Older Granite Porphyry with a strong supergene clay overprint on earlier quartz-sericite-pyrite alteration.  The brown color indicates to me that this sample may have partially reverted to goethite since it was formed.  It does yield a nice yellow streak when powdered.  I haven’t X-rayed this sample either.

MET 5200
Crystalline yellow jarosite from somewhere on the 5200 Bench at Metcalf that has now been mined out.  This is the best sample of crystalline jarosite I have found to date; unfortunately when I collected it a couple of years ago, I didn’t record its location, and there is not much of it.  The host rock is strongly altered aplitic Precambrian granite with a supergene clay overprint in leached capping.  Most of the Fe in the matrix of the rock has gone to hematite, but jarosite occurred on many fractures in this area of the deposit.  The jarosite occurs in 0.5 mm euhedral grains that I was unable to identify even with a binocular microscope.  Maybe a better mineralogist could figure it out.  I did not X-ray this sample either.

So, this is my initial orientation sample suite.  The two alunite samples (MOR # 9-3 and 9-4) were taken from different locations in the same outcrop from which I also have a sample of covellite and pyrite that we are dating using the Re/Os method.  Three of the jarosite samples (MET 105, 106, and Bj)) come from outcrops in a nearby leached capping zone at Metcalf that can be correlated in space with Western Copper.  Samples MET 105 and 106 represent a pair from the same location that you may be able to use to determine if there are any isotopic differences based on crystallinity effects.  I included the other crystalline jarosite sample for comparison.  I am going to try to get Ar/Ar dates on samples MOR #9-3 and 9-4 and on MET 105.  


Please let me know if you have any questions, or need any additional information as the project progresses.

Thanks,


Steve

