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e |Locations of instruments

Agico instruments work in all continents

cca. 500 pristroju v 55 zemich svéta
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Historie spolecnosti

50. léta — Vyzkumny ustav naftovy

60. léta — Ustav uzité geofyziky

1965 — Geofyzika, n.p.

1995 — osamostatnéni spoleCnosti Agico, s.r.o.

Slozeni spolecnosti Priamérna vyroba
2011 — 17 zaméstnancu Prvni desitky pfistroju rocné

Mechanicka vyroba: 4
Elektroasemblaz: 4
Vyvoj: 3
Vyzkum a software: 2
Servis: 2

2

Prodej a ucCetnictvi:
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Marketing spolecnosti

Ugast na mezinarodnich konferencich
Védeckeé publikace

Osobni doporuceni

Instalace pfistoju pfimo u zakaznika a
nasledna zakaznicka podpora

KliGové osoby

Prof. FrantiSek Hrouda
RNDr. Vit Jelinek
RNDr. Jifi Pokorny

The Magnetic
Anisotropy
of Rocks

D.H Tarling and F. Hrouda
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MFK1 Multi-function Kappabridge

(Stridavy mustek)

Mérena veliCina:
Magneticka susceptibilita

Three operating frequencies and respective field
ranges (peak values):

F1 (976 Hz): 2-700 A/m

F2 (3904 Hz): 2 - 350 A/m

F3 (15616 Hz): 2 - 200 A/m
Sensitivity 2 x 10-8 (Sl)
Field homogenity at 976 Hz: 0.5 %
Accuracy within one range: +0.1%
Accuracy of absolute calibration: +3%
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CS4 / CS-L Furnace / Cryostat Apparatus
(Vysokoteplotni pec / Kryostat)

Meérena veli€ina:
Magneticka susceptibilita jako funkce teploty
—192 °C up to 700 (800) °C
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RSN L LB CEETET

-~ KLY-2(1980) |

Kappabridge - historicky vyvoj

KLY-1 (1967)

KLY-3 (1995)
KLY-4 (2003)
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JR-6A / JR6 Spinner magnetometer

(Rotaéni magnetometr)

High 87.7 rps - for the highest sensitivity
»Two speeds of rotation (high, |OW)Z Low 16.7 rps - for measuring soft specimens

» Type of holder (automatic, semi-automatic, manual)

> Type of specimen (cylinder, cube) Mérena velidina:

Remanentni magnetizace

»Number of positions for manual holder (2, 4, 6)

» Three times of integration (short, normal, long)
»Measurement mode (single, repeat) Sensitivity 2 x 10 (A/m) I




Agico — 2. Vyrabéné pristroje

Pristroj funguje jako velice citlivy
Generator
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LDA / AMU

Alternating field demagnetizer / Anhysteretic magnetizer

(Demagnetizator stridavym polem / Anhystereticky magnetizator)

RERRLLE
LERRRLLE PRRRRLRLY

PRRLRAAR LRRRRAAL
\ BRRRRRLE BRARRARAY
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istroje

Ridici software: Safyr

ol
File Execute Setting Bhoub
—Specimen —Measurements
Name | SPECI | Three-axis measurements
Axis Hange Cosine Sine Amplitude Error Error [%]
Qrientation Orientation_parameters _ Volume Axis 1 | 4 || 1.475E-03 || 2.030E-03 || 2.809E-03 || B.940E-05 || D.28|
Azimuth  Dip P1 PZ P3 P4 [cem] Azis2 | 3 || BOBBEDG || -1400E06 || B24BEDE || B446ED6 || D67 ]
[ 120 | 4 | [12]olsefo] [ 1m0 ] Azis3 | 4 || 1165E03 || -2159E03 || 2453E03 || 5314E06 || 022
Foliation(s) Lineation(s) Total susceptibility
Code Dip dir. Dip Code Trend Plunge Range TSus Re TSus Im Phase
# [ | | [ | | TSus | 4 ]| 95.26E-03 || -289.1E-06 |l -0.17 |
#2 [ ]] | | [ | |
~ Results
Mean susceptibility Test for anisotropy Principal directions
Susceptibility Std. error [%] F F12 F23 Coordinate Kmax Kint Kmin
[ 1012603 | 0.091 | [ 5964 |[ 1026 |[ 75 | @ Yem Dec Inc  Dec Inc  Dec lnc
Specimen [129 | 47 |[ 347 | 368 ][ 242 | 20 |
Hormed principal susceptibilities 95% confidence angles
kmax kint kmin Axis 1 Axis 2 Axis 3 Geographic | 8 | s |[ 10| & |[ 205 | 34 |
[ 10294 || 1102 )] omed | | 56 [ 22 || 16 ]
[+ 00008 |[ #0000 || #0008 | [ 16 || 56 |[ 23 |  alee# | | | | | | |
_ Tecto #1 | | || | | | |
Anisotropy factors
L F P Pj T u Q E Paleo #2 | [ | | [ || [ |
[ 1019 ][ 1052 |[ 1072 |[ 1074 || 0457 |[ 0443 |[ 0324 |[ 1032 | Tecto #2 | | | [ [ | [ | |
NEW SPECIMEN | agz1 | aws2 | axss | TortaLsuse | ] SAVE | CANGEL |
STOP |
1| INSTRUMENT IS READY [F1 [H=200 A/m [@ WD ENABLED [@ ROTENABLED [@ CALE @ NO HCORR
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Data zpracujici software: Anisoft

®. Anisoft 42 - [E:\_vb\AMSDATA\CS01.RAN] mEE|
File Edit Graphicz Selection About
j Coordinate system —Mean tensor (Jelinek statistics)
Hame H F ) M ((.: gpec H= 10 Dec /Inc Conf. angles
CS01-01-1 423 F1 Geographic Equal-area - B0 K1 1.013 2052/ 663 148/125
501,012 coordinate projection b Pako |p =ffo = 1006 751/ 154  148/E1
systarm M=10 iz _ K3 0983 3404/ 168 12E/E4
{* Palechorizontal
' Paleavertical Mean Average  St. deviation
Disol Km N/ E1BE-02  2.22E-02
7 Data (IS L 1.008 1.010 0.005
v P Mean F 1.023 1.024 0.005
v directiors P 1.0H 1.034 0.005
B P glﬁgi'g:“':e P 1.0 1.036 0.006
270 a0 T 0.437 0.44E 0.233
Foliation(s) U 0492 0.440 0.291
D M=1m | [T Paole
[ Plane
[T Stike
Hame [C5(
Lineation(s) - |
= Lineation
K z —Symbol color and size
"2 ew | Dot | %% [0
K3 @
180
P T
1.043 14
5 .
o g o - "=
| O
u oD o
o O
0 .
1000 1043 P
1,000 . 4
o [| 11502 K [S1] 8.21E-02
Site: Rozioky trat |Lat: 23.5454 Lon; 34 BBT |Rnck: has Stratigraphy: d1 Lithostratigraphy: myf |Reginn: Instrument; KLY253
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Data zpracuijici software: Cureval

. Cureval 8.0 - [E:\_vb\CurevalB\data\DV¥21_8.CUR] [27/54]
File Graphicz dbout

LI 0051 -HT =
02052 - HT

[ 03-06-2 - HT Kt Curve

[] 04052 -HT (626 1] % kws Temp
[ 05-224R-HT - HT 1k ve. Temp
[105-22-HT - HT

[ 05-22IMC-HT - HT
[05-22-LT -LT 9
[ 05-225R-HT -HT
[]08-225RLT -LT
[]06-04-2 -HT
[]07-05-3-HT

[ 08-02-2 -HT 7
[109-01-2 -HT
[]09-05-3-HT :
[]1-HT
[]10-144R-HT - HT
[]10-14B-LT - LT 5
[J10-14-HT - HT
[J1014-LT - LT
[J10-145RLT -LT
[]12-02-1 -HT
[]14-08-LT 3
[114-08DC - HT
[]14-085FR - LT
[CJCAPIEE-LT
W02 6-
Dwa2z_2-HT 1
[1Dw23 1-HT
Dva2e_4-HT
[]DW28 &8-HT o L S L L LR
[1Dwd1_&-HT il 100 200 300 400 500 600 oo 500 T [*C]
[JDv45 1 -HT
[ DwR7-2-HT —Temperature limits for hyperbola fittting —Ferro/para resolution (0 °C to 100 *C}
[JFO00314 - HT .. .. Ferro constant Ferro sloped

[ FOO031 4ald - HT Covci BFlh T Fiock suss 617 100.0 % B.17 1000 3%
[ FO003S - HT = o [100 Ferra 215 1% 313 50,7 7
[ Highlight selected curve Fit hyperbola | Clear | :;:r; S 33.1' :44 ;gi i;g
| Paraemor 024 38 364 30

10

o
YIS EFETITErS AV RTET AT AT

P

[¥=]
a0 e
PYY:

Clear zelection

Refresh file list

| Overview I Edlit clata  Ferro/para separation I Curie point I
SPECIMEN | Records: 549 Field: 423 A/m [peak value] | Frequency: 875 Hz [ Tmirc 19.8°C | Tmaw 707.7 °C | Approw. heating rate: 31 *Cémin | Instrument: KLY2/3
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Ridici software: Rema

=101x|
File Execute Graphics Settings  About
~Specimen —Measurements
Name | SPEC1 | Components of remanent magnetization
Magnetic state | MR | Position M{x) My Miz) Exp.
Orientation Orientation parameters Yolume #
Azimuth Dip P1 P2 P3 P4 [cem] = [ 228 || 1587 |
[ 0 [ 15 | [1z]ofzfen] [ 10 ] P3 .47
P4 [ 228 |[ 1580 |
Foliation Lineation
Strike Dip Trend Plunge
| | | | | |
Mean | 647 || 228 || 567 |
~ Results
Modulus [A/m] | 104.4 E+00 | Repeated measurements
= 110 10 ]
Error [ 01 | 7m9% | Amplitude
1.05 5 A
Orientation of remanence vector ' Phase
Coordinate system Dec Inc
L R - o
Specimen [ 181 [ 328 |
Geographic [ 3333 [ 83 | 0as 4 -5
Tilt correction | | |
Full correction | | | 0.0 ; ; . . -10
1] 2 4 & <] 10
NEW SPECIMEN | P P2 | P P4 | SAVE | CANCEL
STOP | STOP REPEAT |
Data acyuisition 1 Specimens l Magnetic states
)| INSTRUMENT IS READY \Manual (4) | Cylinder |Low speed | Mormal time | Repeat: N/A |© CALE  |@ HCORR
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Data zpracujici software: Remasoft

i, Remasoft 3.0 - [D:,_CS\NRM'COMP" 16-05-2TP.jrs] =& x|
File Group Statistics Tools  Auxiliary
I = d j I —Coordinates ——
=T GEO N_Up . " Spec
3 _C5 (LT - ;o
S NRM i _+_ o Bz
= COMP 0 Tilt
15 -
[Jes - = Full
[k * u
I-!' -
W b E
W E WI 1 1 1 1 1 1 1 ] IE
l“ ¥ State
st 1 HRHM
* 3 2 Tao
i 3 Tiz0
o 4 TZ00
5 TZ40
T [ TZan
* 7 T3z0
E 8 T3a0
9 T400
16-04-2T1 iz =] ] * 10 T440
16-04-384 jrs * Dowvn ) ) S Down . 11 T480
16-04-444 s ZUp = & Horizontal & ertical Unit= 122.e-03 A/m 12 T520
16-06-141 jr= 13 TEa0O
16-05-1T1 jrs Mimdma:  Mmax= 853.e-03 A/m k [0 14 Te0O0
1 * L - 15 CT
16-05-3k s s *
16-05-4¢4 iz : L
16-06-144 iz 0s - » . *
16-06-241 jrs 0 *
16-06-2T1.jrs :
1606341 is | os
16-06-3T1.jrs re
1505441, b
16-06-4T1 jrs 04
16-07-144.rs
16-07-241 rs a3
16-07-2T1 s 0o
16-07-347 rz
16-07-3T1 jr= 01
170114115 a a , , , , , ,
U UL e 0 100 200 300 400 A00 60D 700 °C O D0 200 300 400 SO0 BOO 70D
17-01-244 jrs
17-00-347 s =l
Risfresh fil= list | Deerfam | Steren Plot | Module Plots | XYZ Plots | Line-Find Analysis | Edit Data |

Mame: C516/5/2 |Demag: Thermal |F|ec:nrds: 15 [14+1] |Specimen orientation: 18/82 |Eedding: 0/0 |FD|I:| axiz: 0/0 |Elrientation parameters: B 0 6 0
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Magneticka susceptibilita - MFK1 (+CS4)
« Geologicka prospekce

e  Studium zmén klimatu v geologické minulosti Zemeé
* Monitorovani znecisténi zivotniho prostredi

Anizotropie magnetické susceptibility - MFK1-A

e  Studium vnitfni stavby a deformace hornin
« Zjistovani sméru proudéeni sedimentu a vulkanickych hornin
e  Studium sméru nasunu a miry deformace horotvornych celku

Remanentni magnetizace - JR6 (+LDA-3 a AMU-1)

Studium chovani magnetického pole Zemé v geologické minulosti
« Datovani hornin

* Interpretace magneticky anomalii
« Rekonstrukce pohybu kontinentt a horotvorné €innosti
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Magneticka susceptibilita

saturation M
magnetization S

remanent
magnetization —__
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Magneticka susceptibilita ruznych mineralu
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N [%]
40

30

20

10

Geologicka prospekce

*bimodalni rozdéleni magnetické susceptibility

(granity byvalého SSSR)

slabé magnetické (paramagnetické) granity
S typ

nositel magnetizace hlavné biotit (amfibol)

silné magnetické (feromagnetické) granity

Intruzivni - | typ

nositel magnetizace hlavné magnetit

3

7

15 30 60

10 [SI]



Studium zmén klimatu v
geologické minulosti Zemé
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Kyoors [10°6 SI] Keo [%] P Ratios [%]
200 400 600 80 42 08 -04 0 04 1101 1.02 103 1.04 0 5 10 15 20 25
Il Il Il I} L Il Il Il I} L Il Il Il I} L 1 1 1 1 1
0 0 0
A2
] | ¢ A3
50 50 50- — Y
] ] IRM,,
——— IRM,
100+ 100+ 100+
150 150+ 150+
= 200 200 200
9,
<
o
[0} { ]
&) 250 250 250
300 300 300
350 350 350
400 400+ 400+
450 ———450 450 450 450-

Clay Silt
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Monitorovani znecisténi zivotniho prostredi

high M Knab, 2000

produced by:
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Anizotropie magneticke susceptibility
~

~
N S
S 0 <3 %% \Q\
S RS

SN, E Oé

=R NS

(a) S-tectonite B ) o (b) L-tectonite

Magneticka anizotropie odrazi vnitfni stavbu hornin.

V porovnani s ostatnim metodami prednostni analyzy je magneticka
anizotropie rychla, levna a ma velkou rozliSovaci schopnost

Vyuziti ve strukturni geologii a tektonice, vulkanologii, sedimentologii
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Tenzor druhého radu

. . . . . My =] Ky Ky Kyg | Hy
Lze vizualizovat jako elipsoid Myl =|ky Ky Ky |H,
Myl =] Ky Ky Kggl | Hs
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Extenzni neogenni panve
(jizni Italie)

Basin-scale

...............

Grain-scale
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Magnetic fabrics and cleavage development across the Pyrenean Foreland Basin

bend Tery'he "z

| | |
| : N : N
: : - : '
! ! s FE2 |
| | p :
| L I |
| | s |
FE14 : | FE3 : FE‘I
Earliest deformation stage i Pencil structure : Weak cleavage Cleavage
S - . N

Bellmunt fold

-
i
i
I
I

-. I.- v ._-’ -.’- S .-:.v_ -_’_'.,-:_-.-: ELLe '-". E W] PR T .’ e -_‘_-'- :..
“ AkrecCni klin na jiznim okraji Pyreneji =~~~ i

1 M.-U. Eocane

5 L.-M. Eocene

Faleozoic Basement

okm
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Drahanska vrchovina
Paleozoicky akrecni klin

Mohelnice

O

[ Litovel

Kosir Greywacke

Boskovice

Prostéjov

Velenov Shales

Racice and Lule¢

4 Conglomerate}
v

~ ™
Brno 0 10k
O I
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Tvarovy parametr

_

&




Agico — 3. Priklady pouziti pFistoju

Wilson, J. T. 1963. A possible origin of the Hawaiian Islands.
Canadian Journal of Physics, 41, 863-670.

&3 ‘| ) Hldge
\w-"“

Kaual

Hawau

‘~::\
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Phenocrysts

Xenoliths Gas bubbles
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O‘ahu Moloka'i Maui Hawai'i

(3.4 Ma) (1.8 Ma) (1.3 Ma) (0.7-0 Ma) Mauna Loa
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T SRR IO
Ostrov Oahu wwn - YEARSAGO.
; 156°15'w A e

shoreline

e ; Koolau
3,000 ft

Waianae —
10,000 ft:

TWO MILLION
YEARS AGO

Region
of landslide
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Ko’olau
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Remanentni magnetizace
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vnéjsi jadro
zemska kdra
5-30 km

vnitrni jadro

zemsky plast’
2900 km

evnEjSi jadro tavenina zeleza
evice nez 7 krat objem Mesice
ena povrchu Zeme by tvorilo vrstvu vyssi nez 300 km
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Zemée jako velky magnet
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Teplotni remanentni magnetizace

elavova tavenina

s0

(T

2

o > TC

ekrystaly rostou
enejsou magnetické

1 1
600 700

1 1
100 200

I 1
3dO 400 500
Temperature(°C)

oT < Tc
emagnetické momenty se

fixuji ve sméru ,easy axis"
proporcionalné k orientaci

krystalu
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Detriticka remanentni magnetizace

Turbulent Water

Still water or
laminar flow

sediment/water
interface
bioturbation
consolidation
“lock-in depth”

compaction
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Chemicka remanentni magnetizace

Cervené pidni horizonty, Nemagneticka matrix Rlst hematitu s prednostni
Chiji Formation, Siwaliks, orientaci odrazejici magnetické
Pakistan pole
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Studium chovani magnetického pole Zemé v geologické minulosti

M-EIQI'IEI.'iG Reversal Age in Millions
Rocks become r'nagneti?_ed in Time-Scale gfl.‘l.-eara
the direction of the Earths field Bruhnes e ]
#""" normal o
epoch
///? " — 10
e Matuyama —
= e
epoch R
Gauss » |-
norrmal
— 30
h
/ \ Bpoe s |
Older rocks presen/e a zlnernt —_— 4
record of field reversals reversal .
epoch
el
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Present

I % 3 4 Agebefore present

:Dj]j [imillicis ol years)

Coleulmted magnetic
profile assuming
saafloor spreading

[ [

Mormal magnetic
polarity

[ ]

Reversad magnatic
polarity

Observed magnetic
profile fram

oceanographic swre
- . .

Mid-oceanic ridge

Tkl & T RN T4 #Y

Zome of magma injection,
cooling, and "lacking in"
of magnetic polarity

Vine & Matthews 1963
Morley & Larochelle 1964
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= I 4 r L]
g Datovani hornin
z 8 s
52 3
K-Ar S R A
@ i e
s EE g s Subchron  Chron
E
0.0 = «<— Laschamp? B
= <— Blake? LIJ. © ©
)
n 519, % 20y % o 5
= h S2Sigl 2151 2 igi =
= ) Age (Ma) 6i61 2121 8 1610
E — 0?3 S L g L L L L L L i L i L E L i EIG i L E L i L i L L L L L L I}
— = 0'90 km10 @ 8 7 6 5 4i i2 1i 0 i1 2i3i4 5 6 7 8 9 10
101= | |= ng7 Jaramilo ‘% O[ i i i Seawater  Sediments
- é M o 3 5w xO\C%a\ni-Fxcr-\.USt«.
- z a LTI ] AP R T
— t B Ty g N, LIthOSphere'
I . . o anm aa
. z u ‘-\\.'\»ﬁ. AT .t S __.‘_.__.‘_.__.‘_.__.,.__.,._,,
= = 1.67 y A
—| | - Olduvai 3 Asthenosphere
— _ 1.87 m
201 = = )
= |= Reunion a
o = ' 9 - T Iz 3 4 Agebefore present
= = < X -t L (millions of years)
=—|= 248 ————— L O | [ HH |
= _ G [
= _ a N I i Coleulated mognatic
= - 292 Tm,u magneie profile assuming
304 — — %B% Kaena u polarity seafloor spreading
= % 398 Mammoth s |:|
5 S Rewersad magnetic Observed magnetic
= = 34— Pﬂlﬂlil'[ profile fram
= - oceancgraphic survay
- = 3.80 Mid-oceanic ridge
‘o — — 390 Cochiti G / Fi
Sl - 4.05 : i
_ _ 1
- — 4op Nunivak | /
= - 432
_ Sidufjall b
- 447 Lithosphere
= - e
= Loive of magn injection,
- = 4.85 r cooling, and "locking in"
504{= — 500 Thvera t of magnetic polarity




r v .

Agico — 3. Priklady pouziti pfistoju

CENOZOIC MESOZOIC PALEOZOIC
A P Epoch §fE P Epoch | Simge | Relerly |4 efuid Epoch | megs | Rghriy %E
Ll Flbsars . [T
E E e o] Maastrichtian e 37 - Lopingan | vy chigpirglan i!i [T
1 T =5 e — Ll P
eomagnetic e - = il
sy |E o . = i e 1
. - 3 Late Bis|
E 3 55 [BA4—
Polarity Time Scale : S
—EE L w42 fis vl } oy LX)
103 — £ Grhalien
i3 b gkl ii——
E B" o — see— [ 'E._ — g T L
is| 8 | -/ e
=Z|BM 124 0 {  sempukhonta 3
15—; E = - |28 44—
3 N 12— & .2
i i
E 110 -E ; HE |
w3 & O St|  fee
: 3 mulE sz
A Geologic S . |
- =3 194 E fe AT
3 w L / 18 2 Fracrian -
Time Scale 113 e [
3 g— 1415 Mddla [— E [me
E 53 .2
Iﬂﬂd 3 o AT ; - Emsian E
: E m;ﬂ 1 e Fragian " ﬁ{
E 85| M Lochkovian 0
Fed e Grackidmia, e g E wz—d 5 m|._
yrad b v =3 ] e (Warntock|— Homsm ;
L EC] = .
= S 4340
. ma—! Lt (a2
3 ek 4 445 5
a3 T4 : Lais.
o 1830 M e
ELS 88| D e
ENT] M
i ] (5 e
s3g T : S a5
EE 1!4!? l4
o MHE M 484 3
= 2036 H Furongian -
- Pabion | | o]
us| Rl M 10
L] E - - 1513 —
Gradstein & Ogg 2004 ol | [2F
= ¥ Camian = s =
L . 2 80— |tz
2 — i =L T _
"] | §m m e O et ey
Bl — T Cambridge University Prass, and mn?ﬁc,iallmbli‘hof
m —— the Intemational Co on phy (12
B B Pl 4.1 undar e stradigraphy g )
P Early ms'h"'*f“" — il [ e ol i S




Agico — 3. Priklady pouziti pFistoju

Interpretace magneticky anomalii

eMagnetické pole Zemé Ize matematicky popsat magnetickym
potencialem (U, V, @)

eIntenzita magnetického pole (hebo magneticka indukce) v
libovolném misteé pak odpovida gradientu potencialu

eH = - grad U [A/m]
eB=pnHI[T, 1gamma =1 nT]

eStupen namagnetovani latky v magnetickém poli popisuje magnetizace
eM = Mi + Mr [A/m]

A

indukovana magnetizace remanentni magnetizace

Mi=kH
\ magneticka susceptibilita
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(a)

(b) Qn » 1
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Stari oceanského dna
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Rekonstrukce pohybu kontinentl a horotvorné Cinnosti

tanl=2tan A
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Putovani virtualniho magnetické podlu
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Rekonstrukce poloh kontinentd
v geologickeé minulosti Zemé
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0.00 Ma :: Gondwana Dispersion :: CR09madC :: GSH/PESGB 2009 September 9-10
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Zapadni pobrezi Severni Ameriky
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Kontakty

chadima@agico.cz

AGICO, s.r.o.
Jecna 29a
Brno, 621 00
tel: 511 116 302

http://www.sci.muni.cz/~chadima/geomagnetismus/
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