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DENSITY MEASUREMENTS 
Ted Eggleston, Ph.D., RM SME, P.Geo.1 

 

Introduction 

This paper outlines the most common methods used to obtain density measurements. 

Sample Drying 

In most of the following methods, drying of samples is required.  Standards Association of 
Australia (1977a) and Standards Australia (2005a) discuss standard procedures for drying 
samples.  In all cases, a dry sample is a sample that has been dried until dry.  That is, it has been 
dried in a temperature-controlled oven and the mass measured on an hourly basis until three 
subsequent mass determinations are equal.  This normally takes 8–24 hours at 105±5ºC (normal 
drying temperature) and may take days at 50ºC.   

Clay-rich samples may experience mineralogical changes above 45ºC, and should thus be dried 
at 45ºC or less to eliminate volume changes due to mineralogical changes when hydration water 
is driven from the sample at higher temperatures.  In most samples, the change in density due to 
mineralogical changes is likely negligible, but the use of higher temperatures for quicker drying of 
clay-rich must be tested and the volume change quantified before higher temperatures are 
routinely used.   

Immersion Methods 

All immersion methods involve weighing a sample in air and then weighing the sample while it is 
immersed in a liquid of known density, typically water, but alcohol or other liquid are acceptable if 
the density is known or can be determined.  The simplest procedure is the venerable Jolly 
Balance.  The Jolly Balance relies on a torsion spring with a pointer as the measuring device and 
a meter stick for the scale.  A sample is placed in the device, displacement is recorded in 
millimeters and the sample is then suspended in water and this displacement is recorded.  The 
ratio of the displacements is the specific gravity and the units cancel.  Today, density and specific 
gravity determinations typically rely on electronic digital balances that that weigh in grams.  An 
example of a typical immersion setup is shown in Figure A.  Note that the balance has a hook 
under the load cell that allows it to weigh suspended masses.  Not all balances are set up that 
way, and there is a work around discussed later in this paper.   
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Figure A: Setup for Determination of Density by Immersion Method 

 
Note:  The balance on the table is connected to a basket in the bucket by a wire through the base of the balance. 

 

In its simplest form, density determination requires determination of the mass of a dry sample in 
air (on top of the balance) and suspended in water.  Suspending the sample requires a basket or 
similar attachment device that is suspended from the balance into a container of water (refer to 
Figure A).  The balance is tared with the basket suspended in water and the sample is then placed 
in the basket.   

If a balance with a center hook is not available, a frame, like the one in the left photograph in 
Figure B, can be used.   
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Figure B: Apparatus for Balance Without a Center Hook (McLellan Labs)  

   

 

The sample is weighed in air on top of the balance and the water container and basket apparatus 
are placed on the balance and the balance tared.  The sample is then placed in the basket.  The 
volume displaced will be equivalent to the mass reported on the balance.   

Densities can be determined more or less directly if one remembers that the difference between 
the dry weight of the sample and the immersed weight of the sample is equivalent to the volume 
of water displaced at 4ºC.  The correction for the water temperature is generally simple, but at 
temperatures between 15 and 25ºC, the correction is much less than 1% and can be ignored 
assuming that clean distilled water is used.  Indeed, current ASTM procedures do not call for 
water temperature corrections, but best practice is to apply a correction factor for all 
determinations.  At water temperatures above 25ºC, the correction should be applied.  Throughout 
this discussion, the corrections for water temperature are included where appropriate. 

Direct Immersion Methods 

Simple Direct Immersion 

The simplest method is to simply weigh the sample in air and then weigh it while it is immersed in 
water.  The density is then calculated as per Equation 1 (Lipton, 2001; Abzalov, 2013). 

Equation 1 

𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫 =  
𝒎𝒎𝒎𝒎𝑫𝑫𝑫𝑫 𝑫𝑫𝑫𝑫 𝒎𝒎𝑫𝑫𝒂𝒂

𝒎𝒎𝒎𝒎𝑫𝑫𝑫𝑫 𝑫𝑫𝑫𝑫 𝒎𝒎𝑫𝑫𝒂𝒂 −𝒎𝒎𝒎𝒎𝑫𝑫𝑫𝑫 𝑫𝑫𝑫𝑫 𝒘𝒘𝒎𝒎𝑫𝑫𝑫𝑫𝒂𝒂
 

Assuming that the units used are grams, results will be in g/cm3 based on Equation 2. 

Equation 2 

𝒎𝒎𝒎𝒎𝑫𝑫𝑫𝑫 𝑫𝑫𝑫𝑫 𝒎𝒎𝑫𝑫𝒂𝒂 −𝒎𝒎𝒎𝒎𝑫𝑫𝑫𝑫 𝑫𝑫𝑫𝑫 𝒘𝒘𝒎𝒎𝑫𝑫𝑫𝑫𝒂𝒂 =  𝒂𝒂𝒓𝒓𝒓𝒓𝒓𝒓 𝒗𝒗𝒓𝒓𝒗𝒗𝒗𝒗𝒎𝒎𝑫𝑫 𝑫𝑫𝑫𝑫 𝒓𝒓𝒎𝒎𝟑𝟑 𝒘𝒘𝑫𝑫𝑫𝑫𝒘𝒘 𝒘𝒘𝒎𝒎𝑫𝑫𝑫𝑫𝒂𝒂 𝒎𝒎𝑫𝑫 𝟒𝟒𝒓𝒓 𝑪𝑪 

This procedure is appropriate only for dense, nonporous materials.  Any porosity will negate the 
value of this type of determination by over estimating the density.  The overestimation is 
proportional to the porosity of the rock.   
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ASTM (1996) method C97-96 and Standards Australia (2005b) method AS 4133.2.1.2-1993 are 
similar methods that require saturation of the sample after it has been dried and weighed.  This 
is a recommended procedure for significantly nonporous materials.   

Surface Saturated Immersion 

This method is useful for some materials and as a check on a coated method.  The sample is 
dried to dry and weighed.  The sample is then immersed in water for five to ten minutes and then 
transferred to the density apparatus and weighed in water.  Theory has it that for samples with 
little porosity and low permeability will absorb water only for a few mm and the interior pores will 
not be affected.   

Dry density is calculated as indicated in Equation 3. 

Equation 3 

𝑫𝑫𝑫𝑫𝑫𝑫 =  
𝑫𝑫𝒂𝒂𝑫𝑫 𝑴𝑴𝒎𝒎𝑫𝑫𝑫𝑫

𝑫𝑫𝒂𝒂𝑫𝑫 𝑴𝑴𝒎𝒎𝑫𝑫𝑫𝑫 − (𝑺𝑺𝒎𝒎𝑫𝑫𝒗𝒗𝒂𝒂𝒎𝒎𝑫𝑫𝑫𝑫𝑺𝑺 𝑰𝑰𝒎𝒎𝒎𝒎𝑫𝑫𝒂𝒂𝑫𝑫𝑫𝑫𝑺𝑺 𝑴𝑴𝒎𝒎𝑫𝑫𝑫𝑫 − (𝑺𝑺𝒎𝒎𝑫𝑫𝒗𝒗𝒂𝒂𝒎𝒎𝑫𝑫𝑫𝑫𝑺𝑺 𝑴𝑴𝒎𝒎𝑫𝑫𝑫𝑫 − 𝑫𝑫𝒂𝒂𝑫𝑫 𝑴𝑴𝒎𝒎𝑫𝑫𝑫𝑫)
 

 

The limited data available to MTS suggest that this method is not totally reliable, or possibly, the 
operators were not totally reliable.  In either case, some of the data have obvious errors which 
limit confidence in any conclusions based on the data.   

Coated Immersion Methods 

Porous materials necessitate special procedures.  McKinstry (1948) recommends coated 
immersion procedures (wax or shellac) for specific gravity determinations.  MTS concurs with that 
recommendation.  These procedures require that the sample be coated with wax, shellac, spray 
Krylon®, plastic wrap, etc. in order to perform adequately.  By using a balance that determines 
mass in grams, densities rather than specific gravities can be determined.   

The wax-coat immersion procedure for density determination is as follows (see ASTM, 2016; 
Method C914 – 09 (Reapproved 2015)):  

• Brush samples clean with an air jet;  
• Weigh (as-received mass); 
• Oven dry overnight at a maximum temperature of 100°C or until dry;  
• Allow the sample to cool to room temperature in a desiccator; 
• Weigh (for dry mass);  
• Dip in wax, weigh (for waxed mass);  
• Weigh while suspended in water (for buoyant mass);  
• Measure water temperature (for density corrections).  
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The following formulae (Equation 4and Equation 5) can be used to calculate the density of the 
water to correct for variations of water density resulting from water temperature in the T = 16–
22oC range only. 

Equation 4 

𝑫𝑫𝑯𝑯𝟐𝟐𝑶𝑶 = 𝟏𝟏.𝟎𝟎𝟎𝟎𝟐𝟐𝟐𝟐 − 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎𝟐𝟐 ∗ 𝑻𝑻 

or  

Equation 5 

𝑫𝑫𝑯𝑯𝟐𝟐𝑶𝑶 =  −𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟒𝟒 ∗ 𝑻𝑻𝟐𝟐 − 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟒𝟒 ∗ 𝑻𝑻 + 𝟏𝟏.𝟎𝟎𝟎𝟎𝟎𝟎𝟏𝟏 

for all temperatures.  This is an approximation seen in some literature that slightly underestimates 
water density in the 4–20o range but is acceptable in the 20–30o range.  

Equation 6 should be used to calculate the density of the wax to correct for wax coating.   

Equation 6 

𝑫𝑫𝒘𝒘𝒎𝒎𝒘𝒘 =
(𝑫𝑫𝒂𝒂𝑫𝑫 𝑪𝑪𝒓𝒓𝒎𝒎𝑫𝑫𝑫𝑫𝑺𝑺 𝑴𝑴𝒎𝒎𝑫𝑫𝑫𝑫 − 𝑫𝑫𝒂𝒂𝑫𝑫 𝒗𝒗𝑫𝑫𝒓𝒓𝒓𝒓𝒎𝒎𝑫𝑫𝑫𝑫𝑺𝑺 𝑴𝑴𝒎𝒎𝑫𝑫𝑫𝑫)

𝑫𝑫𝒂𝒂𝑫𝑫 𝑪𝑪𝒓𝒓𝒎𝒎𝑫𝑫𝑫𝑫𝑺𝑺 𝑴𝑴𝒎𝒎𝑫𝑫𝑫𝑫 − 𝑰𝑰𝒎𝒎𝒎𝒎𝑫𝑫𝒂𝒂𝑫𝑫𝑫𝑫𝑺𝑺 𝑪𝑪𝒓𝒓𝒎𝒎𝑫𝑫𝑫𝑫𝑺𝑺 𝑴𝑴𝒎𝒎𝑫𝑫𝑫𝑫 −  � 𝑫𝑫𝒂𝒂𝑫𝑫 𝒗𝒗𝑫𝑫𝒓𝒓𝒓𝒓𝒎𝒎𝑫𝑫𝑫𝑫𝑺𝑺 𝑴𝑴𝒎𝒎𝑫𝑫𝑫𝑫 
𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫 𝒓𝒓𝒐𝒐 𝒗𝒗𝑫𝑫𝒓𝒓𝒓𝒓𝒎𝒎𝑫𝑫𝑫𝑫𝑺𝑺 𝑫𝑫𝒎𝒎𝒎𝒎𝒔𝒔𝒗𝒗𝑫𝑫�

 

The procedure is the same as above for unknown samples, but relies on a standard sample of 
known density, typically an aluminum block or cylinder, to establish the density of the wax.  The 
density of the block must be known.  The block is coated and the density of wax determined.  The 
density of the wax is (ASTM (2015b; Method D1188 – 07 (Reapproved 2015).  Equation 7 can be 
used to calculate the dry density (ASTM, 2015). 

Equation 7 

𝑫𝑫𝑫𝑫 =  
𝑴𝑴𝑫𝑫𝒂𝒂𝒓𝒓𝒓𝒓𝒓𝒓

(𝑴𝑴𝑾𝑾𝒂𝒂𝒓𝒓𝒓𝒓𝒓𝒓 −  𝑴𝑴𝑺𝑺𝒂𝒂𝒓𝒓𝒓𝒓𝒓𝒓) −  �𝑴𝑴𝑾𝑾𝒂𝒂𝒓𝒓𝒓𝒓𝒓𝒓 −  𝑴𝑴𝑫𝑫𝒂𝒂𝒓𝒓𝒓𝒓𝒓𝒓
𝑫𝑫𝒘𝒘𝒎𝒎𝒘𝒘

�
 

 

However, this equation ignores the density of water which is acceptable to ASTM as it is “… true 
to within 3 parts in 1,000 for water at room temperature.”  Although ASTM accepts density with 
no water temperature correction, best practice is to adjust for water temperature, but 
unfortunately, most projects do not control or record water temperature.   

If wet density is required, MArock can be substituted for MDrock in the equation above.   

To account for water density Abzalov (2013) offers Equation 8. 

Equation 8 

𝑫𝑫𝑫𝑫 =  
𝑴𝑴𝑫𝑫𝒂𝒂𝒓𝒓𝒓𝒓𝒓𝒓

(𝑴𝑴𝑾𝑾𝒂𝒂𝒓𝒓𝒓𝒓𝒓𝒓 −  𝑴𝑴𝑺𝑺𝒂𝒂𝒓𝒓𝒓𝒓𝒓𝒓) 𝑫𝑫𝑯𝑯𝟐𝟐𝑶𝑶 − (𝑴𝑴𝑺𝑺𝒂𝒂𝒓𝒓𝒓𝒓𝒓𝒓  −⁄  𝑴𝑴𝑫𝑫𝒂𝒂𝒓𝒓𝒓𝒓𝒓𝒓)/𝑫𝑫𝒘𝒘𝒎𝒎𝒘𝒘
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ALS uses Equation 9 to account for water density. 

Equation 9 

𝑫𝑫𝑫𝑫 = �
𝑫𝑫𝒂𝒂𝑫𝑫 𝑴𝑴𝒎𝒎𝑫𝑫𝑫𝑫

𝑫𝑫𝒂𝒂𝑫𝑫 𝒎𝒎𝒎𝒎𝑫𝑫𝑫𝑫 − 𝑰𝑰𝒎𝒎𝒎𝒎𝑫𝑫𝒂𝒂𝑫𝑫𝑫𝑫𝑺𝑺 𝑴𝑴𝒎𝒎𝑫𝑫𝑫𝑫
� ∗𝑾𝑾𝒎𝒎𝑫𝑫𝑫𝑫𝒂𝒂 𝑺𝑺𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫 

 

Equation 10 is useful to calculate the moisture content of the rock before processing. 

Equation 10 

Moisture % = (MArock-MDrock)/MDrock*100 

where: 

T = Temperature of water  

DH20 = Density of water  

Dwax = Density of wax  

MArock = Mass of sample as-received 

MDrock = Mass of dried sample 

MWrock = Mass of waxed sample 

MSrock = Submerged (buoyant) mass of waxed sample  

WD = Density of sample as-received (wet density) 

DD= Density of dried sample  

 

This procedure works well for samples with millimeter-sized pores.  Shellac or lacquer can also 
be used for microporous materials.  The volume of shellac or lacquer will be too small to 
significantly affect the density determination so no corrections are generally required. 

For samples with pores as large as 1 to 2 cm, samples can be sealed with plastic wrap or sealing 
tape rather than wax.  This procedure works well if the amount of plastic wrap or tape is kept to a 
bare minimum.  No corrections are normally needed if the amount of sealing material is minimal.  
MTS has tested this on several occasions and found the density difference to be very small.  An 
example is discussed below, but, best practice is to adjust for sealing material. 

On a recent project, MTS reviewed data generated using cling wrap rather than wax as a sealant.  
The operator did not account for the cling wrap when calculating density.  Because the data were 
all available, MTS calculated density accounting for the cling wrap and not accounting for it.  
Figure C summarizes the data, which show that the raw (no adjustment for cling wrap) is biased 
about 0.02 g/cm3 higher than the adjusted data.   
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Figure C: Raw versus Adjusted Density 

 

 

There is a small proportional effect in that very large samples (sample mass >700 x cling wrap 
mass) exhibit a bias of <0.01 g/cm3 and very small samples (sample mass <50 x cling wrap mass) 
exhibit a bias of 0.04 g/cm3 (Figure D).   
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Figure D: Absolute Bias versus Mass Ratio 

 

 

These data suggest that, when the sample mass is >300 x the mass of the cling wrap, adjusting 
the data for the cling wrap mass and volume is not necessary, but, best practice is to always 
account for the cling wrap.   

For samples with large vugs, volumetric methods are generally required because it is difficult to 
adequately seal the samples to account for the vugs.   

Variations 

For various reasons, variations on the immersion methods are sometimes required.  An example 
is pyroclastic kimberlite, which typically decrepitates as it dries.  These materials must be weighed 
as received, sealed in wax, and weighed while immersed in water as soon as possible after 
removing them from the core barrel.  The samples are then slowly dried at low temperature and 
weighed.  The moisture content is calculated by the difference between as-received weight and 
the dry weight accounting for the mass of wax.  Density is calculated using Equation 8. 

Immersing soluble materials such as potash can be somewhat problematical, but if done quickly, 
the amount of material that dissolves is minimal.  The water must be replaced between each 
sample; however, to avoid changing the density of the water with dissolved salt.  It is sometimes 
useful to use saturated brine as an immersion medium.  Density of the immersion medium can be 
determined by filling a graduated container with a known volume and weighing the mass of the 
liquid. 

Another variation is the use of crushed material, drill cuttings or analytical reject material for 
example, for the sample.  The material must be wet screened prior to use to remove dust which 
can trap air in the sample and provide buoyancy.  The sample is dried, weighed, and then 
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immersed.  This is essentially a pycnometer procedure that will possibly work adequately on 
nonporous materials, but may significantly overestimate the density of porous materials because 
pores are destroyed during crushing.  It is not a recommended procedure to support Mineral 
Resource estimation.  

Volumetric Methods 

Several volumetric methods are commonly used and are generally directed at specific problems.  
Several of the methods are discussed below. 

Direct Measurement 

Direct measurement of core or cut block dimensions is a common procedure used for very porous 
material, but can be used to check the results of immersion procedures.  Core samples for this 
type of procedure are cut as nearly perpendicular to the core axis as possible and precision 
calipers are used to measure the length and diameter of the core (dial calipers are best).  The 
length of the core must be measured at several locations around the perimeter of the core and 
averaged.  Similarly, the diameter must be measured at several locations and averaged.  The 
volume of core is then calculated by the formula presented in Equation 11 

Equation 11 

𝑽𝑽 = 𝒔𝒔𝑫𝑫 ∗  𝒂𝒂𝒎𝒎𝑺𝑺𝑫𝑫𝒗𝒗𝑫𝑫𝟐𝟐 ∗ 𝒘𝒘𝑫𝑫𝑫𝑫𝒉𝒉𝒘𝒘𝑫𝑫    

The sample is dried and weighed in air.  The density is then calculated using Equation 12. 

Equation 12 

𝑫𝑫𝑫𝑫𝑫𝑫 = 𝑫𝑫𝒎𝒎𝒎𝒎𝒔𝒔𝒗𝒗𝑫𝑫 𝒎𝒎𝒎𝒎𝑫𝑫𝑫𝑫
𝑽𝑽

    

This procedure works well on all types of uniform core and is especially useful for very porous 
materials that are not amenable to immersion procedures.  Standards Australia (2005b) method 
As 4133.2.1.1 – 1993 is a standard procedure for caliper measurement of samples.   

Excavations 

This type of determination takes several forms and is useful whenever materials of interest are 
exposed at the surface.  McKinstry (1948) and Parrish (1993) both recommend weighing the ore 
from an excavation of known dimensions.  These determinations are particularly useful for soft 
materials such as saprolite that are difficult to core.   

Graduated Sand Procedures 

Standards Association of Australia (1977b) and ASTM (2016) describe variations of the graduated 
sand procedure.  This procedure involves excavating a small hole and determining the volume of 
the hole by filling it with graduated sand.   
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Figure E is from a project in Brazil and the material is saprolite.  The procedure is time consuming 
and labor intensive, but produces, in MTS’ opinion, the best density data from small excavations.   
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Figure E: Photographs of the Procedures for Determining In Situ Density of Rock Samples 
using the Graduated Sand Procedure  
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The general procedure is: 

• Carefully clean and level the area to be sampled (Figure E-a); 

• A metal frame is carefully leveled and held in place with nails (Figure E-b);   

• A 15 cm deep hole is excavated through the opening in the metal frame (Figure E-
c, d);   

• Care must be taken to collect and bag all of the material from the hole (Figure E-d. 

• The completed hole is smoothed and all material from the hole is bagged (Figure 
E-d); 

• The graduated sand apparatus is placed in the recess in the frame and the hole is 
filled with graduated sand.  When the excavation is filled, the valve on the apparatus 
is closed (Figure E-f);   

• The material collected from the hole is taken to the laboratory where it is weighed 
in its as-collected state, dried at 105 ± 5o C until dry, and reweighed.  The volume 
of sand is calculated by weighing the sand container and subtracting the volume of 
the inverted funnel spout on the container.  The unit mass of sand removed from 
the container is proportional (calibrated) to the unit volume of sand.   

Wet density is calculated using Equation 13. 

Equation 13 

𝑾𝑾𝑫𝑫 =  𝑨𝑨𝑫𝑫 𝑹𝑹𝑫𝑫𝒓𝒓𝑫𝑫𝑫𝑫𝒗𝒗𝑫𝑫𝑺𝑺 𝑴𝑴𝒎𝒎𝑫𝑫𝑫𝑫
𝑽𝑽𝒓𝒓𝒗𝒗𝒗𝒗𝒎𝒎𝑫𝑫

   

Dry density is calculated using Equation 14. 

Equation 14 

𝑫𝑫𝑫𝑫 =  
𝑫𝑫𝒂𝒂𝑫𝑫 𝑴𝑴𝒎𝒎𝑫𝑫𝑫𝑫
𝑽𝑽𝒓𝒓𝒗𝒗𝒗𝒗𝒎𝒎𝑫𝑫

 

 

The graduated sand method has potential errors, but is less prone to errors than water-based 
methods. 

A variation of the graduated sand method is a graduated glass bead method described by Balco 
and Stone (2003) and Sheldrick (1984) is applicable to laboratory measurements:   

• A metal container is partially filled with very small (260 µm) glass beads;  

• The sample is placed in the container on the glass beads;  

• The container is then filled completely with glass beads; 

• The mass of the container with beads and sample is determined; 

• The sample is removed and the mass of beads is determined.   
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The mass of beads required to fill the container with the sample is subtracted from the mass of 
beads required to fill the container without a sample.  This is equivalent to the volume of the 
sample.  The mass of beads required to fill the volume is divided by the volume of the container 
(mass of water, in grams, required to fill the container) which provides the “graduation” required 
to convert the mass of beads to volume.   

Both references use this method for irregularly shaped rock and soil samples, but it is applicable 
for most rock materials.  MTS views this as a check method for volume determination.  It should 
be quick and reasonably painless but care must be taken to get glass beads into and out of large 
pores in the rock.  MTS has not personally performed this method, but both references indicate 
that it should be done multiple times for each sample (three minimum) and the data averaged.   

Drive Cylinder Method 

Another procedure that is useful in soil and saprolite is the slide hammer (drive cylinder) procedure 
(Figure F).   
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Figure F: Photographs of the Slide Hammer (Drive Cylinder) Method 
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Samples are collected from the ends of the tube to produce a exposures in undisturbed soil or 
saprolite using ASTM (2010; Method D 2937–10) which calls for driving a thin-walled tube of 
known volume into undisturbed soil with a slide hammer (Figure F-a).   

Once the tube is filled, it is excavated (Figure F-b, c, d).   

Material captured in the tube is carefully shaved from the end of the tube level with consistent 
volume.  The sample is removed from the tube, weighed, dried, and reweighed.   

Moisture and dry density are then calculated using Equation 10 and Equation 14 respectively.  
This method is not widely used in the mining industry but is used in civil engineering and 
construction.   

MTS considers it to be adequate to support Mineral Resource estimation and short-term mine 
planning and recommend that it be considered for all soft saprolite situations.  It is prone to errors 
if not very carefully done, so it is important to be certain that the method be done exactly to the 
specifications each time it is done.   

Water-Based Methods 

Many methods using water to determine the volume of an excavation have been devised and 
used.  United States Department of the Interior (1989) method USBR 7221-89 and ASTM 
D5030/D5030M – 13a discuss a useful procedure that can be modified for specific projects.   All 
of these procedures involve carefully excavating a pit, lining it with a waterproof liner, and filling it 
with a measured amount of water.  Excavations range from small 15 x 15 x 15 cm pits to pits 
meters in breadth and depth.  In all cases, all of the material excavated from the pit must be 
carefully collected, weighed as-received, dried, and weighed dry.  Pits are generally lined with a 
plastic liner and then filled with water.  For some reason, water volumes are difficult to measure 
and/or record, thus, failures are common with this type of procedure.   

Figure G shows an apparatus that works well with water-filled pits for density determinations.   
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Figure G: Apparatus and Steps for Water-Filled Pit Density Determinations 

 

The procedure is as follows: 

• Frame shown in Figure G is constructed of wood or metal.  The dimensions are not 
critical, but 50 x 50 cm is a good compromise;   

• The area where the sample is to be collected is carefully cleaned and leveled;    

• The frame is placed on the site and very carefully leveled.  This is a critical point; 

• A plastic liner is placed in the frame and filled to the top of the frame with water (V1) 
which is carefully measured.  This volume will be used to correct for surface 
imperfections; 

• A hole is excavated within the limits of the frame.  The depth of the hole should be 
at least half the frame dimension, so for this example, the hole should be at least 
25 cm deep.  Deeper is better as the larger volume will minimize measurement 
errors;   

• All of the material from the hole is carefully bagged for drying and weighing; 

• The hole and frame are lined with plastic and filled to the top of the frame with water 
(V2) which is carefully measured.   

The volume of material removed from the hole (V) is calculated using Equation 15. 

Equation 15 

𝑽𝑽 =  𝑽𝑽𝟐𝟐 −  𝑽𝑽𝟏𝟏   
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The sample is taken to the laboratory where it is weighed, dried to dry, and reweighed.   

Wet density is then calculated using Equation 13. 

Dry density is calculated using Equation 14. 

This procedure was used successfully on a project in Indonesia.  The process is time consuming 
and labor intensive, but if records are carefully kept and water is carefully measured, will produce 
very reliable results. 

Other Excavation Procedures 

One other commonly used procedure is to excavate a large hole, 25 x 25 x 10 m (or larger) with 
mining equipment and carefully survey the excavation.  The sample is trucked to a scale where it 
is weighed and several small samples are taken to determine the moisture content.  The moisture 
content is then used to correct for dry density.  This procedure can produce very reliable results, 
but it can also produce very unreliable results if volume is not accurate or the truck scale (weigh 
bridge) has not been calibrated in ten years.  This is a time consuming and expensive method to 
determine density, but it has been used successfully in numerous cases.  It has also failed in 
numerous cases.  Failures are typically due either to poor surveying or poor mass determination, 
or both.   

This procedure will produce a bulk density that includes fracture and vug porosity.  This type of 
procedure can be used to estimate correction factors for selection bias in friable or fractured rocks 
resulting from choosing only the hard, competent bits in core.     

Displacement Techniques 

Displacement techniques generally rely on measuring the amount of liquid displaced by a sample 
to determine the volume of the sample.  In theory, these methods should work well, but in practice, 
they tend not to work very well unless exceptional care is taken when doing the procedures.  The 
procedures involve immersing a sample in liquid in a graduated container.  The volume of a 
sample is then the difference between the original liquid volume and the final liquid plus sample 
volume.  The sample is then weighed, dried to dry and re-weighed.  Density is calculated by 
Equation 14. 

Problems arise when reading the meniscus of the liquid.  The meniscus must be read properly or 
errors will occur.   

Another method is to fill a container to the top with water, immerse the sample and collect the 
overflow in a graduated container.  This method works as well as any, but problems arise with 
reading the meniscus of the liquid in the graduated container.  The water that is displaced can be 
weighed which is more accurate than direct reading methods but for some unknown reason, prone 
to data recordation problems.   

Another method of density analysis using displacement to measure the volume of half or whole 
core samples is as follows: 
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Weigh the following in order: 

• 1 liter graduated cylinder with 1 liter of water (up to mark) = A;   

• 1 liter graduated cylinder approximately one-half full of water = B;   

• 1 liter graduated cylinder approximately one-half full of water plus the sample = C; 

• 1 liter graduated cylinder plus the sample and water added to make up 1 liter = D.  

The density is then calculated as follows:   

• The mass of the sample in grams: 

M = C – B  

• Volume of sample in ml (cm3):  

V = M + A – D 

• Density of sample in g/cm3: 

D = M / V 

This procedure has been used successfully and has the added advantage in that when the sample 
is added to the half-full graduated cylinder, the volume can be determined by difference as a 
check on the volume determined by weighing the sample plus water which is normally more 
accurate than direct reading of the volume. 

Mineralogical Techniques 

Mineralogical techniques include two broad categories; density based on modal mineralogy and 
density based on geochemical analyses.  These techniques are useful, for the most part, only in 
massive sulfide or vein deposits where the mode can be estimated or the geochemistry can be 
used to estimate mineralogy, and, most importantly, porosity is negligible. 

Modal Mineralogy 

The mode of a sample can be estimated from hand samples, thin sections, or mine faces.  If the 
mineralogy is simple, the mode can be used, in conjunction with mineral density data, to estimate 
the density of the material in question.  This procedure is not very reliable, but can be used as a 
check on other procedures.  In cases where the mode is estimated from masses (e.g. normative 
mineralogy from assays) care must be taken to translate these into mineral volumes in order to 
apply the proper weighting to each mineral when calculating the density.  The modal approach is 
most commonly used when there is a very large contrast between ore and waste rock.  A modal 
fit will typically overestimate density in cases where a rock’s porosity is not zero. 

Geochemical Methods 

Numerous mines use geochemical assay results to estimate the density of every assayed sample.  
The procedure involves collection of several hundred samples that have both density 
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determinations and geochemical analyses.  The density is then correlated with the geochemistry, 
and an equation is empirically derived using some or all of the geochemical parameters to 
estimate the density.   

The simplest method employs multiple regressions of the geochemical data to the density data.  
Equation 16 is an example from a massive sulfide deposit in Canada. 

Equation 16 

SG = [162,540 + 301(wt%S)] / [60,200 + 2.51(wt%Zn) + 0.318*(wt%Zn)(wt%S) + 6.46(wt%Cu) + 
0.419(wt%Cu)(wt%S) – 349(wt%Pb) + 0.195(wt%Pb)(wt%S) – 622(wt%S) + 0.654(S)2] 

Equation 16 relates sulphur (S), zinc (Zn), copper (Cu), and lead (Pb) assays to the density.  There 
is no standard procedure; each deposit is unique but the general procedure is to determine the 
density of a sample (or SG) and then perform the geochemical analysis.  Once 50 or so 
determinations are completed, the multivariate equation is fit to the data.  The equations can be 
complex and they must be carefully checked before implementation.  The implementation must 
also be checked.  In some cases, the equations are based upon samples from only the upper 
parts of a deposit.  As deeper parts of a deposit are explored and developed, the accuracy of the 
equations must be verified.  Density sometimes changes with depth and the equation may change 
if mineral ratios change dramatically because of mineral zoning or other reasons.  In all cases, 
equations of this type must be continuously checked by comparing the equation to results from 
new sampling.   

In the Sudbury Basin, specific gravity is calculated using the (Vale Inco "Alcock") formula in 
Equation 17.  

Equation 17 

SGCALC= 100/(100/2.88+0.0166*Cu-0.1077*Ni-0.328*S)  

MTS had the opportunity to check this formula against new SG data on multiple occasions and 
found that it works well at any depth.  There are local failures, but those failures are not typically 
significant.   

Pycnometer and Related Procedures  

Liquid Pycnometers 

The pycnometer is a device used for measuring fluid density, also known as a specific gravity 
bottle.  It uses working fluid such as water, acetone, or mercury (or even a gas) to find a volume.  
The name comes from the Greek puknos, a word meaning "density."  Operation of a pycnometer 
is described in ISO 1183-1:2004. 

A typical pycnometer consists of a flask with a close-fitting ground glass stopper with a fine hole 
through it, allowing accurate measurement of volume.  The flask is weighed empty, weighed after 
filling with water, and then weighed after filling with a liquid whose density is desired.  The density 
of the liquid can easily be calculated.  A sample in the form of a powder can be combined with 
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water or a liquid of known density and put into the pycnometer. The weight of the powder and the 
weight of the displaced liquid can be determined, and from them the density of the powder. 

Pycnometers (ASTM, 1993) are not widely used in the mineral industry because they provide the 
density of the crushed or pulverized material, not the overall density including porosity.  Any 
porosity is destroyed when the samples are crushed or pulverized.  If the rock porosity is zero, 
pycnometers provide acceptable density data, but porosity is rarely zero.   

Pycnometers can also be used to determine the density of liquids.  An important example is when 
brines are used as the immersion medium for density determinations; the density of the brine 
must be known.  To determine the density of liquids in a pycnometer, the following procedure, 
from Yoder and Leber (2003), is used: 

The pycnometer that will be used in the density determination must first be calibrated: 

• Examine the pycnometer to be used. Unless the glassware is visibly dirty, do not 
clean it; 

• Place the pycnometer in a drying oven for fifteen to twenty minutes to ensure that 
all residual moisture has been removed from the glass. Let cool before weighing;  

• Weigh the empty dry pycnometer on an analytical balance and record the mass.  
As the pycnometer is manipulated, the operator must be sure not to touch the glass 
with their hands as residue and oils from their hands will impact the accuracy of the 
measurement of the mass; 

• Fill the pycnometer with water of known temperature.  Take the mass of the filled 
pycnometer.  The difference between the mass of the empty pycnometer and the 
pycnometer when it is full yields the mass of the liquid that is within the pycnometer. 
The literature value for the density of water at the temperature observed can be 
used to determine the volume of the pycnometer using Equation 18:  
Equation 18 

V = MH2O/ DH2O 

Once the exact volume of the pycnometer being used is known, the density of the unknown fluid 
can now be determined, as follows: 

• After emptying the pycnometer, place it in the drying oven again for at least an hour. 
When all the moisture has been removed, allow the glassware to cool in a 
desiccator; 

• Weigh the dried, cooled pycnometer on an analytical balance;  

• Fill the pycnometer with the unknown fluid. Weigh the pycnometer containing the 
fluid and again take the difference between this mass and the mass of the empty 
pycnometer;  

• Knowing the mass of the unknown fluid and the volume of the pycnometer, the 
density of the unknown fluid can be calculated using D = M/V. 
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Gas Pycnometer 

Gas pycnometers are commonly employed to determine density of powdered geological samples.  
They are useful only for nonporous samples and will overestimate the density of a sample by the 
amount of porosity in a sample.  They therefore have no use for samples that have significant 
porosity which severely limits their overall usefulness for geological samples.  In general, MTS is 
of the opinion that they should not be used to determine density values if those values are 
intended to be used to support Mineral Resource estimates. 

The following discussion of the function of a gas pycnometer is from Wikipedia (2009).  A gas 
pycnometer is a laboratory device used for measuring the density or more accurately the volume 
of solids, be they regularly shaped, porous or non-porous, monolithic, powdered, granular, or in 
some way comminuted, employing some method of gas displacement and the volume:pressure 
relationship known as Boyle's Law.   

The simplest type of gas pycnometer (due to its relative lack of moving parts) essentially consists 
of two chambers, one (with a removable gas-tight lid) to hold the sample and a second chamber 
of fixed internal volume, referred to as the reference volume or added volume. The device 
additionally comprises a valve to admit a gas under pressure to one of the chambers, a pressure 
measuring device—usually a transducer—connected to the first chamber, a valved pathway 
connecting the two chambers, and a valved vent from the second of the chambers.  

In practice the sample may occupy either chamber; that is gas pycnometers can be constructed 
such that the sample chamber is pressurized first, or such that it is the reference chamber that 
starts at the higher pressure.   

The working equation of a gas pycnometer where the sample chamber is pressurized first is 
calculated using Equation 19. 

Equation 19 

𝑽𝑽𝑫𝑫 =  𝑽𝑽𝒓𝒓 +  𝑽𝑽𝒂𝒂
𝟏𝟏− 𝑷𝑷𝟏𝟏𝑷𝑷𝟐𝟐

   

where  

Vs is the sample volume 

Vc is the volume of the empty sample chamber (known from a prior calibration step) 

Vr is the volume of the reference volume (again known from a prior calibration step) 

P1 is the first pressure (i.e. in the sample chamber only) 

P2 is the second (lower) pressure after expansion of the gas into the combined volumes of sample chamber and reference chamber. 

Pycnometers (of any type) are recognized as density measuring devices; however, they are in 
fact, devices for measuring volume only.   

Density is merely calculated as the ratio of mass to volume; mass being invariably measured on 
a discrete device, usually a balance.   

http://en.wikipedia.org/wiki/Density
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The volume measured in a gas pycnometer is that amount of three-dimensional space 
inaccessible to the gas used, i.e. that volume within the sample chamber from which the gas is 
excluded.  Therefore the volume measured considering the finest scale of surface roughness will 
depend on the atomic or molecular size of the gas.   

Helium is most often prescribed as the measurement gas, not only is it of small size, it is also inert 
and the most ideal gas.   

Miscellaneous Methods 

Numerous other procedures have been used with variable success.   

Weighing Core Boxes 

One method that has been used extensively is weighing core boxes.  This method is only 
applicable when core recovery is 100% and when the core diameter is very uniform.   

Each box of core must be weighed and intervals of similar lithologies, alteration, etc. can then be 
added.   

Volume is calculated for the length of the interval and average diameter of the core.  Density is 
then the mass divided by the volume.   

This method is not recommended, but it has been used successfully on a limited number of 
projects.  It has also failed on a number of projects.  It can be used as a procedure to check, in 
general, the results of more robust procedures.   

Down-Hole Tools 

With the advent of downhole probes that can be used in small diameter holes, it is possible to use 
downhole tools to estimate the in-situ density in many mineral exploration projects.   

These procedures are not widely used in the mineral industry and where they have been used, in 
MTS’ experience, the data are not as reliable as data generated by more traditional methods.   

Downhole densitometers must be recalibrated very frequently in order to assure reproducible 
results.  Even then, accuracy can be compromised by changes in the drill hole surface (rugosity) 
and shape.   

In-situ measurements must also be corrected for moisture contents in order to obtain dry bulk 
density values for use in estimating the mineral resource.  This is not to say that high-quality data 
cannot be generated.  A well-calibrated downhole tool is capable of producing acceptable quality 
density data in a uniform hole.   

CoreLokTM 

The CoreLokTM method has been successfully used by at least one mining operation.   

http://en.wikipedia.org/wiki/Rugosity
http://en.wikipedia.org/wiki/Helium
http://en.wikipedia.org/wiki/Ideal_gas_law
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This method involves placing a sample in a plastic, puncture-resistant bag, which is placed inside 
another plastic bag.  The sample is then placed in the chamber of the CoreLok™ apparatus.  The 
apparatus is then evacuated to 29.7 in. Hg.  The sample is then immersed in water and cut open.  
This allows water to enter the bag and fill all void spaces in the sample, saturating it.  Once the 
water has completely filled the bag, the sample and bag are weighed under water.   

Knowledge of the weight of the bag, sample weight, and the combined weight of the bag and 
sample under water allows for calculation of the maximum specific gravity.   
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