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Grib kimberlite pipe is situated within the 

Zimneberejniy diamondiferous province in 

Archangelsk region of Russian Federation (Ustinov 

et al., 2013). 

Structurally it is situated within Verhotinskiy

(Tovskiy) uplift of crystalline basement near the 

NW-trending deep-seated fault zone, splitting the 

Tovskiy uplift and Padunsky graben structufres

The depth of crystalline basement in the area is 

approximately 1200 m

Introduction: Geology of Grib pipe



Introduction: Geology of Grib pipe
Grib kimberlite pipe was discovered in 1996 and has been since a

subject to multiple geophysical and petrophysical surveys,

including several airborne magnetic data sets. Recent data are

significantly affected by the industrial noise and heavy presence of

drill hole casings and mining machinery.

Therefore an early fixed wing airborne data set dated 1985 was

selected for current study



Airborne magnetic survey of 1985

Airborne magnetic survey of 1985 
was conducted using fixed wing 
aircraft AN-2 with terrain clearance 
of 120 m and line spacing of 100m

This slide shown a selected area 
surrounding Grib kimberlite pipe 
covered by airborne magnetic survey

The airborne data are not subject to 
industrial interference from man 
made objects, as Grib pipe was 
discovered 11 years after current 
survey was initially flown



Petrophysical survey of 2021
Detailed petrophysical study of Grib pipe was conducted in

2021, which included studies of kimberlitic rocks as well as

tuff breccias. A total of 2 data sets were studied, each of the

sets measured at 35 samples collected from same spots (shown

in the map on the right).

As a result of the petrophysical surveys values of magnetic

susceptibility ( 𝜒 ) were established alongside with the

Koeniksberger ratio (Q) as well as remanent Inclination (Ir)

and Declination (Dr) vectors

The greatest degree of remanent magnetization was recorded

over the diatreme facies of the kimberlite.

Current normal field parameters in the area of study

(65.5оN/41.4оE) are D=17.9o; I=77.3o; HT=43.6 А/m

Diatreme 
facies

Crater facies



Magnetic properties of Grib pipe kimberlites

Distribution of Jn/Km (remanent magnetization magnitude to susceptibility) forms clusters with 

conditionally linear distributions, which depicts the concentration of magnetic minerals in the rock 

samples. This may reflect potential preservation of remanent magnetization. The data on kimberlites 

are consistent with the data on tuff breccias.



Measurements of magnetic susceptibility from 2 data sets (a and b)

In this slide it is seen 
that magnetic 
susceptibilities are at 
maximum within the 
diatreme facies of the 
kimberlite

This is the same area 
where there is most 
evident presence of 
remanent 
magnetization 
(maximum 
Koeniksberger ratio, 
next slide)



Measurements of Koeniksberger ration from 2 data sets (a and b)

In this slide it is seen 
that Koeniksberger 
ratios are at maximum 
within the diatreme 
facies of the 
kimberlite

This is the area where 
there is most evident 
presence of remanent 
magnetization



3 types od magnetic data inversions
Airborne magnetic data were modelled using three algorithms of 3D inversions based on regular

and adaptive mesh models

1. Classic (scalar) inversion (Li and Oldenburg, 1996), which resulted in recovery of 3D

distribution of scalar magnetic susceptibility (due to induction only) without accounting for

remanent magnetization.

2. Inversion of full vector of magnetization (MVI, Ellis, 2012), which allows recovery of

magnetization vector magnitude alongside with the direction of Inclination and Declination

vectors (including inductive and remanent components). This, in turn allows recovery of

corrected magnetic susceptibility values.

3. QDIK inversion (Davydenko, 2020), which is a multiparametric inversion designed to

recover remanent magnetization properties of anomalous bodies, including Koeniksberger

ratio, magnetic Inclination, Declination and susceptibility

The results of these inversions are further graphically compared to one another, as well as to

the results of the lab tests and known geology of Grib kimberlite pipe



Classic (scalar) inversion (Li and Oldenburg, 1996)

Classic 3D inversion (Li and Oldenbudg, 1996)

allows to recover 3D distribution od scalar magnetic

susceptibility without accounting for remanent

magnetization.

The inversion is carried out in a regular 3D mesh

with smallest mesh elements of 25x25x10 m. A total

of 4322 decimated airborne magnetic data

(Remanent Magnetic Intensity) were used, which

were fit with 2.5 nT accuracy.

A total of 127 x 129 x 135 (2 194 560) mesh

elements were used in the inversion, which was

completed in 3 iteration steps

Field data

Predicted data



Magnetization vector inversion (MVI, Ellis at al., 2012)

MVI inversion (Ellis et al., 2012) is implemented in

VOXI program, a part of Oasis Montaj package

(Bentley Systems).

As opposed to classical (scalar) inversion, MVI

algorithm allows recovery of full magnetization

vector model M(r), including induced and remanent

components.

Equation (1) demonstrates relationship of magbetic

induction B with magnetization vector in a volume V

.

The solution of the inverse problem is sought 

via Gauss-Newton relaxation method, based 

on Tikhonov regularization, minimizing 

global objective function f(m) as shown in 

equation (2)



MVI inversion data fit

In this slide a 
comparison is 
shown between 
observed and 
modelled data, 
calculated a s a 
result of iterative 
solution of MVI 
method (Ellis et al., 
2012)



Comparison of two 3D susceptibility models

Scalar inversion
MVI inversion



QDIK Inversion (Davydenko, 2020)

The technology of inversion of a magnetic field of QDIK allows for definition form and magnetic 

parameters (Q – Koeniksberger's ratio, D – declination, I – inclination, K (Kappa) – magnetic 

susceptibility) local objects. The cascade principle of allocation of local objects which is been the 

basis provides global minimization of dispersion of the interpreted field.  This technology is applicable 

for the allocation of magnetic heterogeneities and division of the related anomalies in an 

interpretation of magnetic fields of a complex character. In this technology, it is expediently to 

allocate three main features.

1. Allocation of local objects by results of inversion of a magnetic field with the use of spatial grid 

models of the studied environment.

2. The global minimum of dispersion of residual magnetic field is provided with cascade inversion 

of local anomalies. 

3. Cascade inversion of a magnetic field is carried out in several steps for suppressing anomalous 

effects caused by deep-laying and outside magnetic sources. 



Stage 1. Allocation of local objects

Allocation of the local fragment of the spatial grid model is carried out on an anomalous 

zone of a magnetic field. This zone is on the anomaly indicator integrating information on 

level and gradient of magnetic field and calculated by the method of the sliding window.

Relief (grey), Local Anomaly Zone (cyan), Local Cell Model (green)



Stage 1. Allocation of local objects
• Each of the allocated local objects is presented by a compact coherent set of cells of the spatial grid 

model in which values of effective susceptibility are found inversion of the field at some remanence 
vector which is fixed for all cells of the object parameters (the Q, D, and I). 

• For localization of objects, the focusing inversion of the magnetic field based on an algorithm of 
elastic net regression [Zou, and Hastie, 2005] is used. The procedure of vector scanning in the set 
lattice of values of the Q, D, and I parameters is applied to the definition of the remanence vector. 

For vector scanning, the connection of magnetic field with susceptibility is presented in the form

∆𝑻 = 𝑭𝑄𝐷𝐼𝝒,  where 𝑭𝑄𝐷𝐼 =
𝑇0𝑾𝒓𝒓 𝒃𝑄+𝒂

𝜇0
;    𝑾𝒓𝒓 = 𝑽𝒙𝒙 𝑽𝒙𝒚 𝑽𝒙𝒛 𝑽𝒚𝒛 𝑽𝒛𝒛 ; 
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.

𝑭𝑄𝐷𝐼 – the matrix of basic functions calculated through 

matrixes of rated values of the second derivatives of 
gravitational potential 𝑽𝒙𝒙, 𝑽𝒙𝒚, 𝑽𝒙𝒛, 𝑽𝒚𝒛, 𝑽𝒛𝒛; size of the 

matrixes 𝑛 ×𝑚; 𝑛 and 𝑚 – respectively number of points of 
the field and cells of local cell model; 𝒂0 и 𝒂𝑟 - guiding vectors 
according to the normal field 𝑇0 the tested remanence 
parameters(Q, D, I).



Stage 2. The global minimization of RMS

• As a result of inversion, the local object can be allocated only provided 

that subtraction of its magnetic effect leads to a reduction of dispersion of 

residual field for the whole area.

• After completion of the procedure of allocation of local objects for each of 

them, the inversion procedure is repeated by taking into account the 

magnetic effects of other allocated objects.

• Stabilization of the decision is reached by several repetitions of 

applications of these procedures.



Stage 2. The cascade inversion of local anomalies

The global 
minimum of 
RMS of 
residual 
magnetic field 
is provided 
with cascade 
inversion of 
local 
anomalies.



Stage 3. Suppressing anomalous effects caused by 
deep-laying and outside magnetic sources

At the same time in 
each of the 
subsequent stages, 
the spatial grid model 
is enclosed in the 
previous. The sizes of 
cells multiple reduced 
in comparison with it 
are used. The use of 
similar models allows 
suppressing 
effectively anomalous 
effects caused by 
deep-laying and 
outside magnetic 
sources.

Cascade inversion of a 
magnetic field is carried out 
in several steps. 



Result of QDIK cascade inversion

Magnetic anomaly and spatial 

susceptibility distribution for the 

local object identified as caused 

by Grib pipe.

Size of cell 50×50x50 m. 

Remanence parameters: 

Q = 0.28; D = 3°; I = 89°



Recovered magnetic susceptibility sections at -200 m abs. elevation

MVI QDIK Scalar



Recovered magnetic susceptibility sections at -100 m abs. elevation

MVI QDIK Scalar



Recovered magnetic susceptibility sections at 0 m abs. elevation

MVI QDIK Scalar



Recovered magnetic susceptibility sections at 50 m abs. elevation

MVI QDIK Scalar



Results: magnetic susceptibility and Koeniksberger ratio

Comparison of inversion results (bottom) 

with lab measurements (top)

On the left magnetic susceptibility grids are 

shown, on the right Koeniksberger ratio 

grids are shown.

All inversion results are derived from 50 m 

abs. elevation level (at the top of the 

kimberlite pipe)



Results: remanent Inclination and Declination

In this slide lab 
measurements of 
remanent Inclination 
and Declination are 
compared to results 
derived from QDIK 
inversions

Inclination Declination



Scalar inversion magnetic susceptibility cross-section

In this slide 
scalar inversion 
results were 
overlain with the 
geological cross-
section of Grib 
kimberlite pipe 



In this slide MVI 
inversion results 
(corrected 
magnetic 
susceptibility) 
were overlain 
with the 
geological cross-
section of Grib 
kimberlite pipe 

MVI inversion magnetic susceptibility cross-section



In this slide QDIK 
inversion results 
(magnetic 
susceptibility) 
were overlain 
with the 
geological cross-
section of Grib 
kimberlite pipe 

QDIK inversion magnetic susceptibility cross-section



Conclusions
It is evident that in case with scalar inversion the recovered magnetic susceptibilities do not allow accurate

recovery of the target.

MVI inversion yields smooth, yet confident recovery of the consolidated kimberlite. The recovered magnetic

susceptibility values are generally lower, than in case with scalar inversion, the latter can be attributed to the

assumption that in presence of significant remanent magnetization, the greater susceptibility values are recovered

in order for the numerical algorithm to compensate for presence of remanent magnetization in order to reach

convergence.

The QDIK inversion is quite complicated in terms of practical application and although it provides interpretable

results, including corrected susceptibility, Koeniksberger ratio and remanent magnetization vector parameters, it

can be only modelled on refined meshes for selected targets.

This study provides workflow for interpretation of large airborne magnetic data sets in presence of remanent

magnetization, which is seen as a powerful tool in kimberlite exploration and the only

algorithm existing to date to increase geophysical recovery of otherwise blind targets.
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