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Objectives

Achieve faster and more reliable resource evaluations, 

 Estimate the volume of a kimberlite within 15% variance, 

Complement drilling as a means of mapping the 

kimberlite–country rock contact, 

Make better use of available boreholes, 

Optimise the drilling programme,

Provide a spatial resolution on the order of a meter.
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Critical requirements

 Accurate resource estimation 

 Determination of morphology and volume of the 

kimberlite pipes and dikes

 Short timelines 

 Strict budgetary constraints
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Seismic investigations for kimberlites
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dZP ~ 30%

Diavik
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Data acquisition

High power downhole source & 32 levels inline hydrophones

VIBSIST-SPH54, time-distributed,

high-frequency seismic source 

Energy is built up from a large number of 

relatively low-power bursts

TC32 Hydrophone String

The recorded seismic energy is, 

typically, in the 500 – 3000 Hz band
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Data processing 

The data processing follows these steps:

- 3D seismic modeling using the geological site model

- Filtering and spectral equalization in the [500 3000] Hz band

- Removal of cultural noise and tube waves 

- Amplitude equalization (AGC)

- DMO stacking and t-p filtering

- Image Point limited aperture 3D migration

3D modeling is used for 

survey planning and to aid data interpretation

hundreds of shots, at 0.5m intervals, are recorded for one side-scan section
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Modeled vs. 

Measured

Modeled & Measured single-hole migrated section: 

with modeled (red) and interpreted (blue) 

country rock – kimberlite contact
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Measured (left) and modeled (right) 

single-hole P waves migrated section, with interpretation options of the 

country rock – kimberlite contacts

Data interpretation
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Integration of the results into the 3D 

pipe models
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The Finsch mine, South Africa
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•The Finsch pipe is intrusive into the Ghaap Plateau 

Dolomite Formation

• It is a Group II kimberlite dated at 118 Ma

•The geology is complex - some nine 

subsequent phases of intrusion have 

been recognised

•The pipe is a near vertical sided 

multiple intrusion of kimberlites

•The intrusion is roughly oval with 

an initial surface area of 17.9 hectares

VIBROMETRIC



Finsch seismics single- & cross-hole

Cross-hole

Single-hole

Cross-hole

Single-hole

~ 700 m deep pit

Currently 

operating from 

underground
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Example from the survey done 

underground in 2003



Finsch: single-hole 3D interpretation

DMO stacked seismic profile, 

with interpreted events and their 

position in space
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Finsch: cross-hole 3D interpretation
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DMO stacked seismic profile, 

with interpreted events and their 

position in space
Reflectors were interpreted for both 

main kimberlite phases



Finsch kimberlite delineation by seismics

3D Post stack migrated seismic profiles

Imaging the main country rock – kimberlite contacts and internal structure
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 Host rock: Granite-gneiss and Metavolcanics

 Ore: Dominant Hypabyssal Kimberlite (HK)

 Average thickness of 2.5m, dipping at -15 °

 Contains irregularities such as: 
 ramps, steps and branches (bifurcations)

 at a scale of 1m to 5m

The Snap Lake Project, Canada 

± 3m

After SRK, 2006
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The Snap Lake Project , NWT, Canada

Layout of  test boreholes (blue) 
and the mapping trenches (light 
brown) for the feasibility seismic 
and radar surveys conducted at 
Snap Lake in 2005.

3D migrated single-hole 
sections. View from SW 
(normal to the section from 
borehole 182)

3D migrated single-hole 
section together with the 
interpreted (red) and 
mapped kymberlite dyke 
interface (green dots).

Close-in borehole radar 
profile from borehole 180. 
Targets lie within 20m of  
the four boreholes.

Kimberlite delineation by seismic side-scans from boreholes                  Nicoleta Enescu VIBROMETRIC

Example from the survey done 

underground in 2005



The Snap Lake Project , NWT, Canada

Migrated single-hole sections, with reflector 
surfaces obtained by combining the reflector 
elements computed in each hole on the left, 
and with the mapped kymberlite dyke interface 
(green dots) on the right. View from East
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The Diavik mine, Canada

The kimberlite pipes at the Diavik

Diamond Mine are volcanic cores 

injected into the much older, 

granitic and meta-sedimentary 

rocks a mere 55 million years ago.
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On the vertical, the depth along the hole runs from 
95m to 615m and on the horizontal, the distance 
away from the hole runs from 0m to 150m.

Combined seismic interpretations, best case 
(pink) and worst case (red) scenarios, from 
four boreholes around pipe A154N.

Diavik Mine, NWT, Canada
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Examples from surveys 

done from surface in 

2004-2006



Kimberlite Delineation by  

Seismic Sidescans

• Most of the recorded seismic energy appears 

in the 500 – 3000 Hz frequency band

•With VP in the range 4000–5000 m/s, the spatial 

resolution is about 1 to 2 m

• The velocity must be estimated better than 

+/- 1% across the imaged volume. Pierce points 

help the velocity calibration.

•Targets with complex shapes require several 

holes to form 3D layouts.

• Existing pipe models help to guide the 

interpretation. Additional information given by 

borehole logs and generic geological data. 
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Conclusions

Borehole seismic methods are useful in delineating 
the kimberlite–country rock contact. 

 Investigation range: more than 150 m in a working 
mine conditions. 

 If applied routinely, borehole seismic methods
provide a cost effective way:

to increase knowledge of geology,

to raise confidence in the geological model,

to reduce the risk with resource estimation.
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Thank you!
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