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LAYMANS SUMMARY 

Using several analytical techniques, results of analysis of U. S. Geological 

Survey new standard SDO-1 are given for selected elements. The Devonian black 

shale shows an organic carbon content of approximately 10.3 percent, a sulfur 

content of approximately 5.6 percent, and a uranium content of approximately 

56 ppm. Some elements show higher than average values for black shales: Mn, 

389 ppm; Co, 57 ppm; Ni, 128 ppm; As, 104 ppm; and Hg, 0.19 ppm. 
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Preliminary analytical results for a new U.S. Geological Survey Devonian Ohio 

Shale standard SDO-1 

by 

J. S. Leventhal, J. G. Crock, W. Mountjoy, J. A. Thomas, V. E. Shaw P. H. Briggs, 

J. S. Wahlberg, and M. J. Malcolm 

Introduction 

Analytical data are presented here for the new USGS Devonian black shale 

standard SDO-l. The sample of Upper Devonian Ohio Shale was collected by Roy 

Kepferle, USGS, from a roadcut on Interstate 64 near Morehead in Rowan Co, Ky. 

The sample was crushed and split under the direction of F. J. Flanagan at 

a laboratory of the USGS in Reston. The sample, before it is ground, is an 

organic-rich, fissile, platy shale, brownish-black in color, containing 

flattened pyrite nodules up to 5 cm in diameter. Further information on the 

geology is available in Provo, Kepferle, and Potter (1977). 

The sample was collected for the purpose of having an analytical reference 

for the many laboratories participating in the U.S. Department of Energy Eastern 

Gas Shales Project (administered from Morgantown Energy Research Center, W.Va.). 

The sample is available as coarse and fine splits from F. J. Flanagan, 

USGS, Reston Va. The fine splits are for detailed chemical analysis, whereas 

the coarse material is for hand and microscopic as well as microfossil examination. 



Analytical Methods 

Carbon Determination 

The wet oxidation technique was used for organic carbon. The sample 

g) is digested with 25 nil of 50;; H2SOL, for 90 minutes at 150°C to remove 

carbonates. Approximately 3 of Cr03 and 25 ml of concentrated H2SO4 are 

used as an oxidant at 220°C while the sample is flushed with CO2-free air 

for 30 minutes. The CO2 is collected on ascarite and weighed (Allison,1956). 

The Leco technique for total carbon consists of combustion at 1800°C of 

0.3 g ofsample with 3g Cu metal accelerator; CO2 is absorbed on molecular 

sievepellets. CO2 isthen released by heatingthe sieve and measured by thermal 

conductivity (Leco, 1967). 

Carbonate carbon is determined by a modified Van Slyke method (Rader 

and Grimaldi, 1961). Carbon dioxide is liberated by the action of 1+1 hydro-

chloric acid on the sample. The volume of the liberated carbon dioxide 

plus the air present in the reaction flask is measured at a definite temp-

erature and atmospheric pressure. The combined gases are then scrubbed free 

of carbon dioxide by passage through an alkali solution. The volume of 

the residual gases is again measured at the same temperature and pressure. 

The difference in the observed volumes, due to the volume of carbon dioxide, 

is calculated to standard conditions of temperature and pressure using the 

ideal gas relationships. The weight of carbon dioxide is then calculated from 

its volume at standard temperature and pressure. 

See Table 1. for results 



Atomic absorption spectroscopy 

Copper, manganese, zinc, cadmium, and nickel are determined by the AA 

(atomic absorption) spectroscopy described by Swanson and Huffman (1976, 

p. 4-6), which follow the recommended procedures of Perkin-Elmer (Thomas and 

others, 1976). 

Mercury, arsenic, vanadium, and cobalt are also determined by AA spectroscopy, 

but by specialized method. Vanadium is determined by the method of Stary (1963) 

and modified for AA by Mountjoy (1970). Cobalt is determined using a method 

described by Mountjoy (1970). 

Arsenic is determined as described by Aruscavage (1977) and modified by 

J. G. Crock (USGS, Denver) as follows: 0.5g of sample is digested with 15 ml 

conc. 13 ml conc. and 5 ml conc. HC10 and is then taken to SO
HNO3' H2SO4' 4 2 

fumes by slowly heating to 200°C. The solution is transferred to a 65-nil culture 

tube. A mixture of 10 ml of 20% ascorbic acid, 10 ml H2O and 5 nil 6N NaI, and 

10 ml toluene is added and shaken together. A portion of the toluene layer is 

removed and back-extracted into 5% HC1. The HC1 solution containing As is 

analyzed by AA using an Ar/H2 flame with a three slot boling burner. 

Mercury is determined by flameless AA spectroscopy (Huffman and others, 

1972). Several tenths of a gram of ground shale are digested under oxidizing 

conditions (HNO3-H2SO4-HC104). Mercury is reduced to its elemental state with 

stannous chloride and aerated from solution onto a silver screen placed in the 

vapor. The silver screen is subsequently heated and the mercury vapor is 

carried by an air stream to an absorption cell, where its concentration is 

determined by atomic absorption spectrometry. 

See Table 1 for results of analysis 
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Other Methods 

Molybdenum is determined by the technique described in Rader and Grimaldi 

(1961, p. A27). Molybdenum is isolated by precipitation with alpha-benzoinoxime, 

using vanadium as a collector. Molybdenum is determined colorimetrically as the 

thiocyanate after reduction with stannous chloride. 

Sulfur is determined by the Leco combustion-iodornetric titration method 

(leco, 1957). The 0.3 g sample is mixed with 1.5 g of Cu accelerator and 2g of 

V 0 oxidizer and combusted at 1800°C. The resulting sulfur oxides are determined
2 5 

by measurement of the HI formed. 

Uranium is determined by the delayed-neutron method (Millard, 1976). 

Samples (6-10 g) are irradiated in a TRIGA reactor in a flux of 5 x 1012 

2 
neutron/cm -sec for 60 seconds. After a 20-second delay, the sample is counted 

for 60 seconds with BF proportional coun',ers.
3 

See Table 1 for results. 



 
	 	

	 	 
	 	 
	 	 
	 	 
	 	 
	 	 
	 	 
	 	 
	 	 

	  
	  
	 

	  
	  

	  	
	 

	  
	  

X-Ray Fluorescence Spectroscopy 

X-ray fluorescence methods, developed by James S. Wahlberg, are employed 

for the determination of Al, Ca, total Fe, K, Si, and Ti in the sample (table 2). 

In this method 0.800 g of sample is fused with 6g of flux (mixture of 43 percent 

Li2B407, 55 percent Na2B407, and 2 percent NaBr) in a 20-ml platinum crucible. 

The NaBr is added to the fusion mixture to facilitate easy removal of the 

solidified button from the platinum crucible. This fused button is X-rayed 

and counted to determine the listed elements. 

An automated, General Electric' vacuum spectrometer is used to determine 

the listed elements. The instrument parameters used are given in the following 

tabular form: (Swanson and Huffman, 1976) 

Element r.rssi411 
NIA ,Oil 

X•ray tube 

X•r:is urlr .9 .riglt 

(drivers) 

Al PE'T' 60 Cr 144.67 
(la 
Total Fe 

1 .i I' 
I_iF 

20 
20 

Cr 
IV 

113.08 
57.52 

K PET GO Cr 50.64 
P PET 60 CI 89.40 
Si PET 60 Cr 109.06 
Total S NaCI 60 Cr 144.53 
Ti UT 60 Cr 86.13 
CI NaC1 60 Cr 113.91 

.PET, pent:tell thritol. 'MA. megaaMpCIC, 

Most of these elements arc conventionally re-
ported as oxides. The lower limits of determination 
in the ash are: 

Element' Sample 1Veight (g) Lower limit (percent) 

A1205 0.8 0.2 
CaO .8 .02 
TotalFeOtsFe200 .8 .02 
K20 .8 .02 
P205 .8 .1 

Si02 .8 .2 . 
Total S (as SO,) .8 .01 
TiO2 .8 .02 
CI .8 .1 

WO. Kars, and MnO. as determined b) atomic absorption method, are also 

included in tables shossing mayor-oxide composition of ash. 

1. Use cf a specific trade name does not necessarily constitute endorsement 
of a product by the U.S. Geological Survey. 
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Emission Spectroscopy 

A six-step semiquantitative optical emission spectrographic method 

developed by Myers, Havens, and Dunton (1961) and by Myers and Havens (1970) 

is used to look for 63 elements. In this method, 1 part sample is mixed with 

1.15 parts of a mixture of 9 parts quartz (Si02) and 1 part Na2CO3. Ten 

milligrams of the resulting mixture is in turn mixed with 20 mg of pure 

graphite powder. This final mixture is burned in a d-c arc.for 120 seconds, 

and the spectra are collected on photographic plates. The resulting spectra 

are visually compared with reference standards. The element determinations 

are identified with geometric brackets whose boundaries are 1.2, 0.83, 0.56, 

0.38, 0.26, 0.18, 0.12, and so forth, but are reported as midpoints of these 

brackets: 1., 0.7, 0.5, 0.3, 0.2, 0.15, 0.1, and so forth; there are thus six 

brackets to the decade. The precision of a reported value is approximately 

plus-or-minus one bracket at the 68-percent confidence level. More details 

are given in Swanson and Huffman (1976). Results are given on table 3 only 

for elements that have not been determined at a higher precision (given on 

tables 1 and 2). 
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Table 1. Results for selected elements in SDO-1 using high-precision techniques 

Fines Split 0051. Job QA61-D196766 

Element Contenta Technique Errorb Lower Limit 

Whole Sample 

C,total % 10.36+.05 Leco combust +3% .05 % 

C, carbonate % 0.281- 02 HCk gasmetric +5% .05 % 

C,organic % 10.08+.06 by difference .1 0/0 

C,organic 10.44+.03 wet oxidation +3% .05 % 

C, total 10.80+.04 wet oxidation +3% .05 % 

C, carbonate % 0.36+.04 by difference +10% .1 % 

S, total % 5.5C+.05 Leco combust iodometric + 3% .05 % 

As, ppm 104 +1 Atomic absorption (AA) + 5% 10 ppm 

Hg,ppm 0.19+.01 wet oxid, flameless AA + 5% .01 ppm 

V, ppm 161+ 1 AA + 7% 10 ppm 

U, ppm 55.6 delayed neutrons + 2% .05 ppm 

Mo,ppm 122 + 6 Colorimetric + 10 4 ppm 

% Ash 82.1 +.1 525°C gravimotric + 1% 

Ashed Sample 

Mn, ppm 3F9+ 1 AA +7% 5 ppm 

Co, ppm 57+ 1 AA +5% 1 ppm 

Zn, ppm 76+ 0 AA +5% 5 ppm 

Cd, ppm <1 AA +5% 1 ppm 

Cu, ppm 74+ 0 AA +4% 5 ppm 

Ni, ppm 128+ 0 AA +4% 20 ppm 

a. + based on replicates. 

b. Based on splits, duplicates, or analytical precision. 

7 



	
	

	
	

	 	

2. Results for selected elements in SDO-1 by X-ray fluorescence 

Whole sample by X-ray fluorescence 

Component Value( )) Precision C%) * 

A120 12. + 10
3 

± 3 
SiO 49.

2 

Ca0 0.90 + 10 

TiO 0.60 + 10
2 

Fe203 9.3 # _ 

K 0 3.0 + 10 
2 

# Written communication from F. J. Flanagan, USES, Reston, by atomic absorption. 

* Average based on results from 5 pairs of analyses. 



	
	

3. Results for selected elements in SDO-1 using emission spectroscopy 

Semiquantitative Emission Spectrographic Analysis 

(on the ash) 

Element Value (ppm) Error 

+ 33 %Cr 70 

* 
La 50 

* 
Pb 20 

Sc 15 

* 
Sr 150 

Y 50 

* 
Zr 150 

* 20 

0.5% + 33% 

Ga 

Na 

* 3Yb 

The error is based on results from three pairs of samples: The * denotes 
the same result; the Cr and Na showed the quoted error in two of the three 
pairs. 
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Discussion 

Some elements in SDO-1 show higher than average (Vine and Tourtelot, 1970) 

values for black shales: organic carbon, uranium, manganese, cobalt, nickel, 

arsenic and mercury, 

Several results need to be discussed. The organic carbon determination 

was done two ways. They are not in agreement in terms of the stated precision, 

but do overlap in the accuracy for the method (1- 3%). It is possible that 

volatile,hydrolyzable,or soluble organic carbon is lost in either of the 

methods. Loss of volatile organics would tend to make the Leco total value 

low. Loss of volatile or hydrolyzable organic carbon would tend to make 

the wet oxidation value low. 

The results are given either on an ashed or a whole sample (unashed) basis 

depending on the requirements of the analytical method. Since the ash content 

is 82.1 percent whole sample numbers can be multiplied by 1.22 to get a 

corresponding ashed value,or the ashed values can be divided by 1.22 to get 

the whole sample value. 

Many elements were below detectability of the methods employed. [xcept 

for Cd,these are not reported. 

We recommend that the coarse sample not be used for analytical determinations 

because of splitting problems, which are especially related to the sulfide 

nodules. 
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