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iletaileflravitStudiesof theFenComlex

Background

TheFenareahasalready,beencoveredby a regionalgravimetric
surveywhich-has'beenreportedby Ramberg(Contr.Mineral.and
Petrol.38,1154134,1973).,Rambergs'conclusionisthattobe
abletoexplain'thelargeanomaly,heavierrocksareneededthan
thecarbonatitesfoundon thesurface.By suggestingthatthe
carbonatitesfroma depthof 500metersisreplacedbya rock
withdensitycontrastbetween0.4and0.5(whichisaboutdouble
to thatof thecarbonatites)he isableto reacha godfitbetween
measuredandcalculateddata.

Goal

To reacha betterestimateforthedepthof theburiedbody,
proposedby Ramberg,FencocontactedLKABProspekteringAB
to havea detailedgravitysurveycarriedoutintheFenarea.
Oneof the reasons for a more exactdepth figurewas to ascertain

if drillingwas feasable.

Method

In gravimetrythe area around the contactis the part of the

anomaly which is most sensitiveto indicatedepth of burial.

In this case the depth is in the order of a few hundredmeters.

This means that the affectedpart of the anomalywill be stretched

out to several hundredmeters or a few kilometers.For this reason

Fig. 1 two long east west lineswere measuredstartingand endingwell


out on the surroundinggneiss.These two lines are called Q and

R. To make sure that the lineswere really crossingthe anomaly

at its peak value a short east west line throughcenterwas also

measured.This was line P. Finallya north south linewas measured

also crossing the centralpart of the anomaly.This line barely

reaches the gneiss in the north part and not at all in the south.

Unfortunatelyuncooperativefarmersin the area imposedsevere

restrictionsonwhere lines could be placed and how long they

could be.

The distanceused betweenmeasuringstationswas 100 meters,

except for the easternpart of line Q where only points of in-

tersectionbetween line and roadswere measured. In the central

part of Q the point densitywas increasedto 50 meter spacing

when surface anomalieswere found.

Fieldwork

The gravimetricmeasurementswere done with a Sodin gravimeter.

A checkpointwas taken approximatelyevery other hour to record

the drift. The height of the gravitypointswere determinedby

levelling (doneby Fenco).The error includinglevellingis

within ±0.5 g.u.



Correctioriand

Appendix

Fig. 2

The readingshave been Bouguer reducedwith.boththe density
of the gneiss 2.67 and the mean densityof the Fen carbonatites'

' 2.90. After comparisonbetween these two 2.90 was chosen,because

the.twocurves were non parallelmainly on areas.insidethe car*.

bonatite.The bouguervalues have also beeni-correctedforlatitude
dependence.

As the lines are so short in comparisonwith the size of the whole

anomalyno regionaltrend can be determinedfrom them alone.The

trend has thereforebeen taken from Rambergstregionalsurvey.

After bouguer reductionslatitudecorrectionand the removalof

the regionaltrend the values were finallygiven a zero level

which makes them comparableto Rambergs'measurements.The zero
levelwas determinedby measuring6 pointsalreadymeasuredby

Ramberg.

No topographiccorrection has been undertaken.Insteadthe local

topographiceffect have been estimatedfor a few pointswhere

the topographyis especially rough. For the deep valley at about

51000 the effect cf topography for most of the points lie below

0.5 g.u. ln isolated points in the valley where the inclination

reaches 25 cf.,the effect will be about 2 g.u. The topographic

correction is very sensitive to inclinations larger than 25-30 %

where it can reach very high values. The topographic correction

is always positive. This means that it is usuallyquite easy to

see the effect of topography on the curves. As long as the topo-

graphic effect stays below 2 g.u. it will be no significancefor

the interpretation.

Interpretation

In the interpretation only a little consideration has been taken

to the zero level. The fitting has mainly been a matter of match-

ing curve forms. There are two reasons for this. Firstly the zero

level depends on the level chosen by Ramberg from values of lower

accuracy and the correctness with which this survey is connected

to Rambergs'. Secondly you can easily construct bodies so deep

in your model that the values within the line range is only

affected by a constant value.

In interpretation a computer program has been used. It calculates

the gravity effect from prismatic bodies with polygonal cross

sections and limited length extentions (so called 2 1/2 dimensional

bodies). The axis of the prisms can only be vertical or horisontal.

The program takes into account angle and position between prism

and line.

Fig. 3 The interpretation started with the definition of a body to repre-

sent the known carbonatite rocks. The body was vertical and its

horisontal cross section was roughly the same as the shape of the

Fen complex. Its densitywas set to 0.25. It was quite clear that

this simple model could not alone explain the anomaly. A second

body was therefore added to the model with density 0.45, which

is the contrast to the gneiss for the heaviest rocks on the surface.



. 4-7 The lines P, Q and R are strOnglyasymetric,Wit
hak.steepeast

flank and a gentlewest flatf.To.atain thisapp
ea-tance'yoWneed'

- a<body with shallowdepth in'the east which gradu
k),33tetsdeeper

to the west. By testinga lot:ofdifferentshapes
t14:depths:for,

the range 0-300meters.Thel
deeperthe bodflhe›:1br

Oedenend}:flater.

achievewithdensermeas
urementsover the easternflank

this body one can concludethat the depth.t“het,OpSmustij
e in

impliesthat if the body reachesthe surfaceit murovera'

small area. A more accuratedepth estimation:mightbepos
sibleto

the top has to be to retain the fit With meaurements

Fig. -7

Fig. 1

Fig. 8

Fig. 6,7

Fig. 10

Fin. 11

Line S is quite symmetricbut'her
ealso the-carbonatitebody wit

h

density 0.25 cannotbe made to fit measurements.With line,Sboth

flanks are to steep.To explain the anomalya second_bodyof den-

sity 0.45 and with horisontaltop surfacehas beentried. It turned

out that by moving the contact betweencarbona
tite7.-andgneisswith- )

in 100 meters one could reach a good fit for the whole range of dept

from 0 to 500 meters. The reason for the ambiguityin ,theresult
s !


is a consequence of the line being too short.

By studying the four lines more in detail one finds that the east

west lines P, Q, R have some anomalies around the maximum values

which are caused by shallow bodies. When you comparewith the

oeological map you find that two of the anomalies:coincide with

known outcrops of damkjernite, while the others lie on covered

ground marked as rauhaugite. This implies that one-canexpect

a lot more damkjernite on the surface in this areaTtthanwhat

is known. This is the very region where the buriedl.bodyhad.its

minimum depth of 0-300 meters. Probably the buried body is the

source of the surface damkjernite and therefore js.of daffikjerni-

ticcomposition. Line S does not have these small disturbances.

This indicates that the-surfacedamkjernite-is
-Oriesent'aYmore

or less north-south-,:str
ikingdikes:

Let us now turn our interest from the eastern part of Fen to

the gentle sloping values of the west. On the lines Q and R the

fit is rather peor just above the contact between carbonatite and

gneiss. The neasured curve descends steadily towards the west while

the calculated has a distinct increased slope above the contact.

The easiest and most efficient way to remove the anomaly over

the contact is to let the carbonatite rocks dip to the west in

under the gneiss. When you do that you also have'to increase the

dip of the damkjernite body to prevent the calculated slope from

being too gentle. In this way you achive a good:fitalong the

whole anomaly. This change of the model does not greatly influence

the estimateddepth in the eastern part. The reason for this is

that one has just substitutedsome of the damkjernitefor car-

bonatitewhile keepingboth its total mass and its approximate

distributionconstant.T
o receive an additionalcheck of the model

a third body representing
-themswitfln~46tatith

waPdhden"-

,sjty;:p.,4wasinserte
d.Thisjustmakesthefiteve

nnicer.There-

fOre One can say that there is nothing in the gravitymeasureMents

that contradictsan interpretation.wheree
thecarbonat4tes,,diP'

ln


—under.,thes;-gneiss\
-witha-parallel--damkjerni

texbod~low.Itshould

be mentionedthatwhen the verticaldip of the contactwas changed

one could no longeruse a verticalprism to representit in the



program. Instead a horisontall)risM..had.to-be uSed. That repre-

sentation was for practical reasOhSactually:used also in the

interpretation of line S:abovenhiiimPlies that the detailed

information about the Fen compleXborders:on .the.Surface could

not be used, instead the: horis6ntålssiseCtio,n:beca7,a:

parallelogram.-ThtdifferenteYthCrtightUrnededt:-to,be very småll

and therefore neglectable. -

The way the model haS turned'outn thWdetailed gravimetric

survey it.seems.niatural-to propeSeta' tål~delffiquiteti

rgabated4pR4heafflprq. , .

.Epgionalasur~kRamberg' modeT?:.consisted of:a pipe of dense

rocks with a thin cover of carbonatiteOur model suggests

Fig. 12 .dipoing,p,ipe.,-,ofrcarbonatiteWithaamore‘ofdensetocks The


reason the core does not reach the surface istthateithezpipttAsT

tut;by/ J:thecsfaultalhtchunakeasthe*easterncontact. Inthis

model there will be gneiss again at depth under the Fen complex.

This will tend to reduce the maximum anomaly value of the model.

The depth to the top of the gneiss depends on the dip of the

pipe and its real diameter. Imagine a dip of 600 and a diameter

of 3 km. In this case the fault cuts through the center of the

Fen surface area and the topof the gneiss will be at 3 km. This

will reduce the calculated maximum with 15 g.u. 15 g.u. is quite

a large portion of the total anomaly of 200 g.u. and is of course

a draw back for the model. You can though get very different re-

sults with other dips and diameters both larger and smaller. If

you accept the dipping pipe model the cluestion of dip direction

Fig. 13 arises. If one takes a look at Rambergs' regional map one can


clearly see that the direction'of the most gentle slope is

towards the south west. That direction is supported by the

Fig. B	 metric appearanse of line S to which it is almost perpendicular.


Finally one can with some imagination see how the distribution

Fig. 1 of damkjernite outcrops follows this south west to north east

direction just as the general form of the Fen complex covers

half an ellips with its main aXis in this direction.

Conclusion

,jhe depth-to the dense-body hawninimumiwithe eastern part of

_the Rauhaugitewhere the deptherl4he_Interva1:0:to 300 meters.

ihe body is-probably-~mkjerlaitiexcomposition and is also pro-

bablytonnecteekto theYdamkjerhiteoutcrog,

From the geophysical point of view it seems most probable that the

Ten complex,i,ispipe*:dipp~tothessouthmest with a damkjernite

core.

In case one wishes a more exact estimation concerning the depth of

the damkjernite body.supplementaryxgravimetrtneasurementsoyer

the,easterhfindlisoutherwcontaCtS:may aid further interpretation.
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Fig.5. Line Q. Measured and calculated values.
A twobody model used consisting of a vertical body of density 0.25,
shown in horisontal projection with dashed lines, and a body of
density 0.45 shown in vertical projection with solid lines.
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Fig.6. Line Q. Meausured and calculated valLes.
A twobody model was used consisting of a vertical body of density 0.25shown in horisontal projection with dashed lines and a body of
density 0.45 shown in vertical projection with solid lines.
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Fig.7. Line R. Measured and calculated values.

A Twobody model was used consisting of a vertical body of density 0.25

shown in horisontal projection with dashed lines and a body of

density 0.45 shown in vertical projection with solid lines.
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1-Calculated

0.45

(J.S.L ne S. Measuredand calculated values.
A onebodymodel was used shown in vertical projection and with
a density of 0.45.
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141600

Fig.9. Line 5. Measured and calculated values.
A twobody model was used shown in vertical projection and with
densities of 0.25 and 0.45.
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Fig. 10. Line Q. Measured and calculatedvalues.

A twobodymodel was used with densities0.25 and 0.45
shown in verticalprojection.
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Fig.11.Line Q. Calculatedand measuredvalues.
A threebodymodel was used with densities0.15, 0.25 and 0.45
shown in verticalprojection.
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Fig.12.Dipping pipe model cut by surfaceand fault.
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Appendix.Measuredvalues.

PoInts also measured 1n the regional

ZEROLEVELs8.8

	

N-KOORD E-KOORD READINGDRIFT

14177452358690.10.0
14275052128712.70.0
14187951483734.3-0.1
14191051290740.8-0.2
14174850175599.9-1.3
14200552330687.611.3
14250051740765.92.1

surveys•

STAND"LEVELLATT.

	

NIGNT.CORREC.

	

1.98-110.482.6

	

1.01103.672.7

	

1.00 89.583.6

	

1.0280.543.7

	

1.215117.682.7

	

0.95110.43

	

1.11269.664.6 8.H

r

.1

‘,..s

REG. ANOMALY
TREND

'Ø.ø-909.9
fft.0 925.2
‘15.0914.8
:11.11904.3
ø.ø830.1

s7?JØ.H985.5
.”45.55 907.6

Formula used to calculate the.ANOMALY value.

ANOMALY= (READING+DRIPT)*1.0184 STAND NIGHT*3.086

LEVE1*13.086-0.4191*2.98/ -
ZEROLEVEL - L11TT.CORREC.- RE.GIONALTREND

Instrumental constant1.0184



LINEeP 2EROLEVELe830.6






POINT N-KOORD E-KOORD READING DRIFT STAND L'EVELLATT. REG. ANOMALY




HIGHT CORREC. TREND

a 14181353264 601.7 1.5 1.02. 118.217 3.0 -92.5 97.2
1 14177452358 695.1 ALS 0.98 112.48 2.6 -101.0 180.3
2 14176552256 696.3 0.2 0.99 109•00 2.6 -121.7 184.6
3 14176052161 708.6 0.0 0.92 105.31 2.5 -122.5 190.9
4 14175452047 719.4 .2.11 0.92 101..17 2.5 -103.3 194.9
5 14175351955 717.3 2.15 2.92 98.61 2.4 -104.1 188.8
6 14174451862 722.1 Ar.5 2.95 97.48 2.4 -104.8 192.5
7 14173751762 723.5 11.11 H.80 96.41 2.4 -105.6 192.2
8 14173251659 719.4 -..H.0 2.95 95.39 2.3 -106.4 187.5

Ic



gt-
L1NEIO 2ERIEVEL4 829.3

FOINT N-K RD E-KOORD READ1NC DR1FT STAND . LEVEL LATT. REC. ANOMALy
,

HIGHT. CORREC. TREND•




-1 14251.1 53545 552.7 1.6 5.96 135.384.3 -89.676.7
:

2 141969 52995 \- 608.5 1.5 11:99 119.974.1 -94.8 11.1




1.5 141935 52398 687.7 1.4 1.95 111.463.7 -120.6 78.9




1 141934 52347 695.0 0.0. 1.18 109.153.7 -111.1 83.1




1.5 141931 52299 697.3 1.3 .1.95 107.483.7 -111.4 83.8




2 141929 52249 -706.1 11.1 11.96 134.193.7 -1211.7 85.7




2.5 141,925 52204 709.5 1.3 H.83 112.253.7 -1172.1 86.8




3 141922- 52152 716.1 0.5 - 5.99 101.05.3.6 -102.5 91.0




4 141915 52551 724.0 3.11 1.92 98.713.6 -113.3 95.2




4.5 141913 520114 730.9 1.2 11.86 95.163.6 -103.7 97.0




5 141911 51953 727.0 1.0 1.111 97.373.5 -124.1 96.9




5.5 141956 51915 732.4 1.2 8.83 93.993.5 -104.5 97.2




6 141905 51859 727.9 .5.0 1.111 95.703.5 -104.8 95.4




6.5 141901 - 51806 731.3 4.2 0.92 93.523.5 -105.2 96.2




7 141898 51753 737.3 0.5 0.85 91.623.5 -105.6 97.7




7.5 141894- 51702 736.6 1.1 0.85 90.713.5 -106.2 96.8




8 141891" 51651 736.1 0.0 3.95 90.883.4 -186.4 96.3




8.5 141887 51655 734.1 1.1 0.90 89.613.4 -106.8 93.2




9 141887 51559 734.7 1.17 8.83 89.513.4 -107.1 92.5




9.5 141884 51521 732.3 0.5 1.03 89.903.4 -107.5 92.4




ø 141879 51483 734.3 - 8.1 1.130 89.593.3 -107.9 93.7




0.5 141891 514535 733.9 3.6 1.02 88.583.3 -108.3 92.6




I 141898 51357 733.4 -0.1 0.97 86.993.3 -108.7 83.6




1.5 141868 - 51309 747.0 0.6 0.75 78.063.2 -109.1 8:3.3




2 141865 51264 753.9 -3.2 0.85 74.703.2 -109.4 83.8




2.5 141861 51209 755.5 0.6 0.85 69.263.2 -109.8 79.4




3 141859 51157 767.2 -8.3 1.02 61.953.2 -113.2 78.4




3.5 141856 51108 782.3 0.7 0.85 55.153.2 -110.6 81.3




4 141853 51069 756.6 -0.3 0.73 66.493.1 -111.0 75.4




5 141847 50956 738.8 -1.0 1.00 72.773.1 -111.8 70.0




6 141841 50862 720.9 -1.0 0.95 81.013.1 -112.5 67.7




7 141833 50758 712.0 -1.0 0.98 84.453.1 -113.3 66.1




8 141831 50679 650.7 -1.1 0.98 10.723.0 -114.1 53.5




9 141823 50583 654.3 -1.1 0.93 16.852.9 -114.8 50.6




21 141816 .50484 639.9 -1.1 0.93 09.782.9 -115.6 42.2




21 141811 50393 628.3 -1.2 8.95 11.602.8 -116.1 34.3




22 1418175' - 5/3299 617.6 -1.2 0.90 13.872.8 -116.8 28.2




23 141803 50204 688.1 -1.2 0.93 14.112.7 -117.6 20.0




24 141794 50103 599.5 -1.3 1.03 16.052.7 -118.4 15.9




25 141785 49985 597.4 -1.3 0.93 13.762.7 -119.3 10.0




26 141779 49875 594.1 -1.3 1.00 11.882.6 -120.1 04.3




27 141777 49818 592.9 -1.4 1.554 10.582.6 -128.5 51.0




28 141768 49715 598.4 -1.4 0.97 10.192.5 -121.398.5




29 141765 49632 602.6 -1.4 1.43 01.362.5 -121.995.1




30 141762 49570 619.0 -1.5 0.90 91.212.4 -122-893.4




31 141753 49470 636.6 -1.5 0.97 79.742.4 -123.290.4




32 141740 49240 592.5 -1.5 0.90 98.432.3 -124.481.6




33 141735 49110 581.0 1.6 0.96102.20 2.2 -125.081.0




34 141710 48630 532.5 1.7 1.00118.28 2.0 -129.465.5

1

1
1



LINE:R

POINT

-4
-3
-2
-1
Ø
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

2r

22
24
25

ZEROLEVEL:828.4

N-KOORD E-KOORD READING

	

14212352896644.5

	

14209852836668.2

	

14228952735688.8

	

14288352637679.9

	

14207552536723.9

	

14206252317704.9

	

142215752241714.8

	

14205152140728.8

	

14284452041738.9

	

14204051945745.1

	

14203451842745.6

	

14202651742741.1

	

14202051641759.0

	

14201451544748.4

	

14201051443738.0

	

-14200151343734.7

	

14199551242733.6

	

14198851145784.5

	

14198251044774.5

	

14197450948751.9

	

14197050847725.7

	

141964515766722.4

	

141959 50665703.3

	

14195150552679.9

	

14194652455652.5

	

14192950131599.7

	

14192552071599.5

	

14191549948597.5

	

DRIFTSTAND
NIGHT

-

	

0.55.89

	

0.50.85

	

0.50.86

	

0.50.93

	

0.50.97

	

0.4.0.95

	

0.50.90

	

0.5 0.90

	

0.68.85

	

2.7 0.80

	

Ø-.80.85

	

ff..81.02

	

0.90.93
'.20.92

	

.11.21

	

.10.93

	

.20.94

	

.30.83

	

.40.98

	

.50.95

	

0.7 0.90

	

3.80.94

	

3.80.92

	

0.80.90

	

2.91.02

	

1.01.00

	

1.00.99

	

1.17.90

LEVEL

157.65
98.82
93.85
108.88
85.70
104.74
121.41
95.17
90.45
87.25
87.63
88.39
77.58
82.82
85.44
86.00
81.12
54.28
55.33
64.41
75.21
78.25
85.79
93.19
101.83
114.31
111.97
11.C.36

LATT.
CORREC.

4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.1
4.1
4.0
4.0
3.9
3.9
3.9
3.8
2.7
3.6
3.6

REG. ANOMALY
TREND

	

-95.8123.5

	

-96.4131.7

	

-97.3144.3

	

-98.3155.3

	

-99.2167.1

	

-101.0185.0

	

-181.7189.6

	

-102.5193.0

	

-103.3195.3

	

-104.1196.4

	

-104.8198.7

	

-105.6196.8

	

-106.4195.6

	

-107.1195.3

	

-107.9190.8

	

-108.7189.2

	

-189.4179.8

	

-110.2182.1

	

-111.0175.2

	

-111.8178.1

	

-112.5163.3

	

-113.3166.8

	

-114.1162.2

	

-114.8152.8

	

-115.6 142.4

	

-118.1114.7

	

-118.5110.6

	

-119.6106.4

it



LINEIS

POINT

ZEROLEVELI826.0
*

N-KOORD E-KOORD READING
1

DRIFT STAND

HIGHT

LEVEL LATT.
CORREC.

REG. ANOMALY
TREND

-2 141201 52266 598.5 1.5 0.89 147.72 -1.3 -94.2 151.5

-1 141294 52229 628.0 1.4 0.94 136.29 -55.7 -94.9 168.4

ø 141387 52193 656.2 1.4 0.90 12.73 0.0 -95.7 179.2

1 141445 52173 676.1 2.5 0.95 118.92 0.7 -96.2 186.0

2 141570 52124 695.6 2.5 0.90 1111.32 1.3 -97.3 198.1

3 141663 52887 706.5 2.4 0.88 186.14 2.8 -98.1 193.1

4 141753 52049 716.9 2.4 2.95 181.17 2.7 -98.9 194.9

5 141858 52012 722.4 2.4 0.98 98.66 3.3 -99.7 195.9

6 141944 51975 736.0 2.3 0.88 92.60 4.0 -100.4 198.0

7 142839 51947 744.1 2.3 8.80 87.24 4.6 -101.2 196.4

8 142126 51903 752.4 2.3 0.78 82.61 5.3 -102.0 196.2

9 142219 51865 745.8 2,7 8.75 84.53 6.8 -102.8 193.0

1ø 142313 51830 755.5 2.2 0.72 78.84 6.6 -103.6 192.3

11 142401 51795 763.8 •2.2 1.01 73.13 7.3 -104.4 191.1

12 142509 51793 765.9 2.1 1.02 69.66 8.0 -105.2 186.8

13 142586 51719 768.4 2.1 0.95 65.21 8.6 -105.9 180.9

14 142681 51682 782.3 2.1 0.92 54.76 9.3 -1156.7 175.5

15 142773 51646 784.7 2.0 0.91 48.93 9.9 -107.5 167.1

16 142866 51612 784.4 2.0 0.92 42.47 10.6 -108.3 154.9

17 142957 51573 786.0 2.0 0.97 34.81 11.3 -109.1 142.4

18 143550 51534 806.1 1.9 0.95 16.06 11.9 -109.9 127.8


