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Lab Section

Dating the age of the seafloor has been a challenge due to the difficulties of collecting samples from
such great depths. Discoveries during the 1960's however provided scientist with a method of dating the
seafloor without having to actually collect rock or sediment samples from the bottom. The new dating
method involved comparing the record of magnetic reversals contained in the igneous rocks on the
seafloor with the record of magnetic reversals from lava flows on land. In this lab exercise you will get
the opportunity to review how scientist date sections of the séafloor and use that information to better
understand plate tectonics.

ESTIMATING THE AGE OF THE SEAFLOOR

Radiometric dating provides scientist with a tool for estimating the ages of certain rocks. Radiometric
dating has been used for estimating ages of lava flows since they contain minerals which decay at
known rates. In addition lava flows commonly contain minerals which record the Earth's magnetism at
the time the lava is crystallizing. Studies of numerous lava flows from around the world revealed that
periodically the Earth's magnetic field bas reversed itself. There are times when the magnetic lines of
force flow from the south pole to the north pole. This is referred to as normal polarity since it is similar
to the present day polarity. At other times the magnetic field is reversed and the lines of force go from
the north pole to the south pole (reversed polarity). As magnetic minerals crystallize in igneous rocks
they will align themselves with the Earth's polarity at that time. These minerals form "paleocompasses”
with their alignment indicating the former direction of the magnetic lines of force. With a sensitive
instrument called a magnetometer the magnetic alignment of the mineral grains can be determined.
Figure 1 shows the magnetic record of the seafloor from the mid-ocean ridge in the South Atlantic. This
record was produced by a magnetometer that is towed behind a ship running a course perpendicular to
the mid-ocean ridge. The magnetometer measures the total strength of the magnetic field, which is a
combination of the Earth's magnetic strength and the magnetism of the rocks on the seafloor. As the
magnetometer passes over rocks which formed during a period of normal magnetism, the magnetism of
the seafloor is added to Earth's magnetic field and a positive reading is produced (positive anomaly is
higher than average). When the magnetometer passes over a section of seafloor that formed during
reversed polarity the magnetism of the rocks is subtracted from the Earth's magnetic strength and a
negative reading is produced.

Scientist can estimate the ages of the magnetic anomalies on the seafloor by matching the upward or
downward trend of the curves shown in Figure 2 (seafloor) with the dated changes of polarity shown in
Figure 1.

For example the rocks presently at the ridge and for the past 0.73 million years have formed during
normal polarity. The reading of the magnetism from the seafloor correspondingly shows a positive
anomaly for this time period. Rocks formed during the period of 0.73-0.92 million years formed under
reversed polarity and the curved produces a negative anomaly. Point A on the curve corresponds to the
time when the polarity switched from reverse to normal. This polar reversal matches with the most
recent reversal on lava flows which was dated at 0.73 million years. Therefore the rocks on the seafloor
beneath point A are approximately 0.73 million years old.

Vst Lok Aense - L//Z‘ﬁr\_





[image: image2.jpg]1. Estimate the age of the anomalies (B, C, and D) by comparing Figure 1 and Figure 2. Place the ages
in millions of years in the first second column of the table below.

Anomaly Estimated Age of Anomaly Distance from Ridge | Distance from Ridge Plate Rate
(A-D) (millions of yrs) (kilometers) (centimeters) (centimeters per year)
A
B
C
D

Determining the rates of plate motion

2. To determine rates of plate motion you will need a time measurement and a distance measurement
(rate = distance/time). The time factor you have already estimated from the magnetic anomaly.
Using figure 2, determine the distance the anomalies have moved from the ridge since their formation.
Place this distance information (kilometers) in the table above. Plate rates are usually estimated in
centimeters a year so it is necessary to convert kilometers to centimeters. There are 100 centimeters
in a meter and 1000 meters per kilometer. Finally to determine the plate rate take the number of
centimeters the anomaly has moved from the ridge and divide it by the age of the anomaly. This will
produce the rate of plate motion in centimeters a year.

PLATE RATES - ATLANTIC vs. PACIFIC

3. Figures 4 and 5 show the patterns of magnetic anomalies on the seafloor in the South Atlantic Ocean
and East Pacific Ocean. The numbers correspond to specific anomaly patterns that have been
identified. The dates for these anomalies can be determined from Figure 6. ;

a. Determine the age of anomaly #5 using figure 6. -

b. Measure the distance anomaly #5 has moved from the ridge since its formation. To determine the
average distance from the ridge for anomaly #5 - measure the total distance between the anomaly #5
on each side of the ridge and divide this distance by 2. For the South Atlantic make your
measurements along the Ascension Fracture Zone. For the South Pacific make your measurements
along the Garrett Fracture Zone.

Avg. Distance for anomaly #5 in the South Atlantic

kilometers = centimeters

Avg. Distance for anomaly #5 in the South Pacific

kilometers = centimeters

¢. To determine the rate of plate motion - divide the distance (b) by the age (a). Rates should be
estimated in centimeters per year.

Plate rates in the South Atlantic - cm/yr

Plate rates in the South Pacific - cm/yr
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Magnetic anomaly in nanoteslas

the lighter arcas are reversed polarity.
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Fidure 1 — Record of Polar Reversals [or the last 4.5 nillion years. The darker

reas are normal pplarity,
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Figure 2 — Magnetic Anomalies near the mid-e~="ni¢ ridge in the South Atlantic Occan.
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Figure 4 — Magnetic anomalies in the area of the mid-oceanic ridge in the South Atlantic Ocean.
Numbered anomalies correlate to those in Figure 3.
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[image: image5.jpg]RESTORATION OF THE SOUTH ATLANTIC COASTLINE 50 MILLION YEARS BEFORE
THE PRESENT

Characteristics of magnetic anomalies not only allow scientist to date different sections of the seafloor,
but because the anomalies tend to form mirror images on each side of the ridge we can use them to
recreate the relative positions of the continents in the past. In this exercise you will be looking at the
relative positions of South America and Africa to the mid-oceanic ridge for today as well as 50 million
years before the present.

For this exercise you will be using anomaly number 21. By referring to figure 6, we can see that
anomaly number 21 formed 49.6 million years before present. The seafloor that corresponds to this
anomaly was therefore locating at the position of the mid-oceanic ridge approximately 50 million years
ago. By following the steps below we will reverse the process of seafloor spreading and close the
Atlantic Ocean back up, recreating the relative positions of the continents at that time.

1. On figure 4 find anomaly number 21 on the east side (South American side) of the mid-oceanic ridge.
Using colored pencils or markers, highlight the entire length of the anomaly, from the Ascension
Fracture Zone down to the southern most fracture zones.

2. Attach a piece of tracing paper over Figure 4. Using a colored pencil or marker
1) trace in anomaly number 21 on the African side of the ridge (west)
2) with the tracing paper still in place, trace in the coastlines of South America and Africa
3) trace in the 20 degree line of latitude

3. Slide the tracing paper until the anomaly number 21 line on the tracing paper overlaps and lines up
with the anomaly number 21 line on Figure 4. Once you have the two lines as closely lined up as
possible, trace in the coastline of South America using a different color pencil or marker. Also trace
in the 20 degree latitude line of South America. The map you have just created on the tracing paper
should show the relative positions of the continents of today, and the relative positions of the
continents 50 million years ago. This assumes that the continents are fixed parts of a moving plate.

4. What evidence is there to suggest that the plates movement relative to the ridge is not strictly in the
east-west direction?

5. 50 million years ago when the continents were in the alignment shown on your map, was the earth's
magnetic polarity normal or reverse?
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[image: image6.jpg]This figure shows the distribution of circular areas that were centers of crustal faulting and
buckling when they were located over the Yellowstone hot spot. The numbers indicate the ages of

deformation, as determined by Mark Anders (by dating tilted layers of ash and basalt that
accumulated on the deformed areas).

a. What direction is the North American plate moving, according to Anders' data? Explain your
reasoning.

b. What was the average rate in centimeters per year (cm/yr) that the North American plate has
moved over the past 11 million years?




